

















TRANSACTIONS 


of the 


American 


Foundrymen’s Society 








Proceedings of the 


International Foundry Congress 


Atlantic City, N. J. 


May 1 ™ re 1952 





VOLUME 60 





Published by the American Foundrymen’s Society 
Chicago, Illinois 
1952 























CopyriGHT 1952 


by the 


AMERICAN FOUNPRYMEN’S SOCIET 
(INCORPORATED) 


PRINTED IN THE UNITED STATES OF AMERICA 


The American Foundrymen’s Society as a body is not responsible for the state- 


ments and opinions advanced in this publication. Nothing contained in any 


publication of the American Foundrymen’s Society is to be construed as grant- 
ing any right, by implication or otherwise, for manufacture, sale, or use in 
connection with any method, apparatus, or product covered by Letters Patent, 


nor as insuring anyone against liability for infringement of Letters Patent. 











TABLE OF CONTENTS 


Industry’s Responsibility to Youth 

Role of the Research _— Unit 

Risering Castings p 

Sand Control with Pessionh ir  Refesence to the Prevention of Subhing 

Practical Aspects of Olivine as a Molding Material 

Metallurgical Blast Cupola 

A Study of the A.F.S. Fineness Test 

Manufacture of Cast Edge Tools in Rotary Puruete Steel 

Influence of Aluminum on Properties of Cast Gun Metal and Ronen ol Abuninees by Slag 

Development of Steel Foundries in India , 

Practical Consequences of Space, Time and Tempera Relations Duving Casting ol Me tals 

New Process for Nodular Lron Production at Low Treatment Cost 

Gases and Naturally-Occurring (Congenital) Blowholes in Foundry Practice 

A Study of the Principles of Gating as Applied to Sprue-Base Design 

Investigation of Hot Tears in Steel Castings 

Heat Flow in Moist Sand ; 

Effects of Melting Furnace Anmenglane on Fluidity, Hot Tearing Tendency, and Other Properties of 

Malleable Iron 

\ Test for Hot Tearing Tendency 

Investigation of Properties of Steel Sands at Ele. — Tomqunnenes 

Risering of Gray Iron Castings 

Veining Tendencies of Cores , 

Production of Heavy Gear Wheels in ‘Spheroidal Geaghies C ast — 

Refining and Elimination of Gases from Metals and Alloys 

Influence of the Nature of Oven A.mosphere on Drying of Molds mt Baking a Founiiry Cures 

Effects of Mold Materials on Leak Tightness and Mechanical P roperties of 85-5-5-5 and 81-3-7-9 

Alloy Castings 

Refractories for the Basic Cupola : 

Effect of Binders and Additives on the High Teseperatnes Properties of Ranindes Sands 

Responsibility of Top Management in Training 

A.F.S. Safety, Hygiene, and Air Pollution Program 

Single Objective Safety , ; , ; 

Effect of Gating Practice on Lesh Tighten of 85- 5. 5- 5 and 81-3-7-9 Alloy Castings 

Reclaiming Used Molding Sand by Air Scrubbing 

Refractory Practice as Applied to Malleable Duplexing 

Actual Application of Motion Pictures in Foundry Motion and Timmestudy 

Effects of Cerium on Graphite Formation in Alloy Cast Iron 

Apprentice Training—It Is Needed ‘ 

Commercial Experience with Higher Silicon Nesdhuies lala 

Pneumatic Reclamation for Foundry Sands 

Steel Desulphurization with Injected Carbide 

Production Experience with a Basic Cupola ' 

Some Practical Applications of Permeable Metal C asting iis 

The Nature of Bonding in Clays and Sand-Clay Mixtures 

The Foundryman Looks at Air Pollution 

Aluminum Sand Casting Defects—Their hdensificaion, Causes and Corrections 

Basic Refractories for Cupola Service 

Application of Chills to Increasing the Feeding Range of ilies 

Internal Porosity in Gray Iron Castings 

Melt Department Incentive Plan q 

Influence of Some Residual Elements and Their Nesnnaidansien in » Stumensions: Treated Nodu! ar Cast — 

High Streagth Non Heat-Treated Aluminum Casting Alloys F 
410203 

ill 


Page 


16 
23 


84 

90 
10] 
109 
125 
137 
163 


169 
182 
197 
211 
218 
223 
229 


254 


247 
262 
266 
974 
279 
282 
287 
296 
300 
308 
312 
317 
322 
330 
337 
344 
551 
556 
364 
371 
385 
389 
101 
432 
439 
453 








TABLE OF CONTENTS 


(Continued from Preceding Page) 


The Whys and Wherefores of Statistical — Control 
Core Boxes From Core Plugs ; ‘ 
Malleable Iron Annealing Time Reduced 
Patternmaking to Compensate for Shrink Allowance 
Pattern Apprentice Training Program 
How to Maintain Foundry Ventilation and Dust Collecting Syeem 
Refractory Selection Applied to Batch-Type Air Furnaces ‘ 
Influence of Phosphorus on Hot Tear Resistance of Plain and Alloy Gee Iron 
Foundry Management Looks at Statistical Quality Control 
Zinc in Aluminum Casting Alloys 
Effect of Slag on Furnace Linings . 
New Methods in Metal Patternmaking 
Influence of Specimen Tube Loading and Riddle Sine on » Molding Sand Test Results 
Quality Control Program for a Steel Jobbing Foundry 
Cutting with Ultra-High Purity Oxygen 
Practical Suggestions for the Building of Wood Patterns 
Use of Aluminum Bronze in High Pressure Castings 
Olivine Application in the Foundry 
Ventilation at Non-Ferrous Melting and Pensing Ouention 
Air Furnace Refractory Practice in Cupola-Air Furnace Duplexing 
Patterns for High Production Malleable and Steel Foundries 
Applied Waste Control Principles 
Alloying Zirconium to Magnesium . 
Mechanical Properties of Sand Cast Magnesiua- -Zinc- Sincendem Alon 
Effect of Lead and Nickel on Grain Size of Certain Cast Copper-Base Alloys 
Effect of Sulphur on Fluidity of Gray Cast Iron ; ; P 
A Simplified Analysis of Riser Treatments 
Melting in a High Speed Reverberatory Furnace . 
Effect of Phosphorus Content on Graphitization Rate and Mec hanical Properties of Black- Heart 
Malleable Iron 
Effect of Hydrogen on Guaphisianion 
Heat Treatment of Magnesium Alloy Castings . 
Effect of Percentage of Nodular Graphite on Certain Mechanic: al Properties of Regine: ‘Treated 
Cast Iron 
Quality Control in a Malleable iron Foundry 
Mineral Perlite and Its Uses in the Foundry 
Hot-Tear Formation in Steel Castings 
Fundamentals of Foundry Refractories : 
Mechanical Properties of Spherulitic Graphite Cast Iron 
Air Pollution and the Cupola 
Siandards for Rough Chipping and Removing Welds 
Factors Affecting Fluidity of Cast Iron . 
Melting Iron in a Basic-Lined Waier-Cooled Cupola 
Pricing Castings Using Standard Costs 
How Iron and Steel Melt in a Cupola 
Solidification of Nodular Iron in Sand Molds 
A Solidification Dilatometer and Its Application to Gray Iron 
Investment Casting of Aluminum 
Substitution of Boron for Alloys in Cast Steels 
Flowability of Foundry Sand , 
Metallurgy and Mechanics of Hot Tearing 
A Study of the Formation of Nodular Graphite che 
Time of Formation of Spherulites in Hypo- and Hyper- Busactic Irons 
Subject Index . 
Author Index . 





Page 
462 
466 
470 
477 
482 
485 
497 
501 
511 
517 
525 
529 
533 
536 
539 
548 
552 
558 
563 
570 
574 
578 
581 
595 
605 
611 
617 
624 


627 
635 
641 


650 
655 
666 
675 
681 
687 
714 
718 
725 
740 
756 
766 
775 
783 
789 
797 
803 
818 
834 
849 
854 





OFFICERS 


of the 


AMERICAN FOUNDRYMEN’S SOCIETY 


(INCORPORATED) 


(Fiscal Year Ending June 30, 1953) 


* President, 1. R. WaGNrR, Electric Steel Castings Co., Indianapolis, Ind. 


* Vice-President, CoLuins L. CARTER, Albion Malleable Iron Co., Albion, Mich. 


Board of Directors 
(In Addition to the President and Vice-President) 


Term Expires 1953 


J. J. McFapyen, Galt Malleable Iron Co., Ltd., Galt, Ont., Canada 
J. O. OsTerGREN, Lakey Foundry & Machine Co., Muskegon, Mich. 
* WALTER L, SEELBACH, Superior Foundry, Inc., Cleveland, Ohio 
*FRANK W. Suip_ey, Caterpillar Tractor Co., Peoria, II. 

James THomson, Continental Foundry & Machine Co., East Chicago, Ind. 


E. C. Troy, Foundry Engineer, Palmyra, N. J. 


Term Expires 1954 


*Harry W. Dietert, Harry W. Dietert Co., Detroit, Mich. 

ALBERT L. Hunt, National Bearing Div., American Brake Shoe Co., St. Louis, Mo. 
J. T. MacKenzig, American Cast Iron Pipe Co., Birmingham, Ala. 

M, J. O’Brien, JR., Symington-Gould Corp., Depew, N. Y. 


ANDREW M. OnprEYco, General Metals Corp., Oakland, Calif. 


Term Expires 1955 


*M. A. Fiapogs, Sivyer Steel Casting Co., Milwaukee, Wis. 

W. J. Kcayer, Aluminum Industries, Inc., Cincinnati, Ohio 

J. O. Krein, Texas Found1.es, Inc., Lufkin, Texas 

A. D. MATHESON, French & Hecht Div., Kelsey-Hayes Wheel Co., Davenport, Iowa 


H. G. Rosertson, American Steel Foundries, Alliance, Ohio 


Staff Officers 
Headquarters, 616 S. Michigan Ave., Chicago 5, Ill. 


Secretary-Treasurer, WM. W. MALONEY 


Technical Director, S. C. MASSARI 


* Member, Executive Committee 








SUMMARY OF PROCEEDINGS OF THE 
INTERNATIONAL FOUNDRY CONGRESS 


THE INTERNATIONAL FOUNDRY CONGRESS AND SHOW 
(56th Annual Meeting of A.F.S.) was held in Atlantic 
City, N. J. May 1-7, 1952. The Biennial Foundry and 
Allied Industries Show was staged by the Society in 
conjunction with the Congress. Exhibits were dis- 
played in Convention Hall with over 260 companies 
showing their products. 

Credit for the excellent reception and hospitality 
received by those attending is given to members from 
the Chesapeake, Metropolitan and the Philadelphia 
Chapters of A.F.S. under the General Chairmanship 
of C. V. Nass, Beardsley & Piper Div., Pettibone Mulli- 
ken Corp., Chicago. This Committee excelled in its 
splendid work and hospitality as host to the thousands 
of members and guests attending. 

Approximately 14,000 foundrymen, metallurgists, 
and representatives from allied industries throughout 
the United States and from 33 countries outside of 
continental United States attended the International 
Foundry Congress. During the seven days of the Con- 
gress, over 60 sessions were held for presentation of 
over 125 timely technical papers and committee re- 
ports. Two Gray Iron Shop Course Sessions and four 
Sand Shop Course Sessions were held. Two of the lat- 
ter sessions were sponsored jointly by the Sand and 
the Brass and Bronze Divisions. A Round-Table 
Luncheon was sponsored by each Division. The 
Charles Edgar Hoyt Lecture was delivered by John S. 
Bugas, Ford Motor Co., Dearborn, Mich. on the sub- 
ject “Industry’s Responsibility to Youth.” There were 
ten Exchange Papers presented at the Congress. 

A summary of the sessions held follows: 


OFFICIAL OPENING CEREMONY 
Thursday, May 1, 11:45 A.M. 
Presiding—C. V. 
Committees. 


Nass, Chairman, International Congress 


BRASS AND BRONZE RouND TABLE LUNCHEON 
Thursday, May 1, 12:00 Noon 
Presiding—B. A. Miller, Baldwin-Lima-Hamilton Corp., Phil- 
adelphia. 
Co-Chairmen—H. L. Smith, Federated Metals Div., American 
Smelting & Refining Co., Pittsburgh. 
Subject—“Practical Problems—Take Your Pick.” 


ALUMINUM AND MAGNESIUM SEssION 
Monday, May 1, 2:00 P.M. 

Presiding—A. Cristello, American Light Alloys, Inc., Little 
Falls, N. J. 

Co-Chairman—H. E. Elliott, Ihe Dow Chemical Co., Bay 
City, Mich. 

Recorder—A. Cristello. 

“Aluminum Casting Defects—Their Identification, Causes and 
Cures,” D. L. LaVelle, American Smelting & Refining Co., Bar- 


ber, N. J. 
“Heat Treatment of Magnesium Alloy Castings,” E. M. Gin- 
gerich, Central Metallurgical Div., Aluminum Company of 


America, Cleveland. 


vi 


“Alloying Zirconium to Magnesium,’ W. P. Saunders and F. P. 
Strieter, The Dow Chemical Co., Midland, Mich. 

ALUMINUM AND MAGNESIUM SESSION 

Thursday, May 1, 4:00 P.M. 

Presiding—Hiram Brown, Solar Aircraft 
Iowa. 

Co-Chairman—-W. E. Sicha, Aluminum Company of America, 
Cleveland. 

Recorder—Hiram Brown. 

“Investment Casting of Aluminum,” H. Rosenthal and S. Lip- 
Pitman-Dunn Laboratories, Frankford Arsenal, Philadel- 


Co., Des Moines, 


son, 
phia. 

“Some Practical Applications of Permeable Metal Casting Plas- 
ter,” R. F. Dalton, United States Gypsum Co., Chicago. 


SAND SHOP CoursE—NoOn-FERROUS 
Thursday, May 1, 4:00 P.M. 

Presiding—W. B. Scott, National Bearing Div., 
Brake Shoe Co., Meadville, Pa. 

Co-Chairman—J. W. Clarke, General Electric Co., Erie, Pa. 

Subject—“Synthetic vs. Naturally Bonded Sands.” 

Discussion Leaders—F. S. Brewster, Harry W. Dietert Co., De- 
troit; C. A. Sanders, American Colloid Co., Chicago; H. F. 
‘Taylor, Massachusetts Institute of Technology, Cambridge, Mass.; 
H. H. Fairfield, Wm. Kennedy & Sons Ltd., Owen Sound, Ont. 
Canada. 


American 


ALUMINUM AND MAGNESIUM SESSION 
Friday, May 2, 10:00 A.M. 


Presiding—W. J. Klayer, Aluminum Industries, Inc., Cincin- 
nati. 
Co-Chairman—R. C. Boehm, Wellman Bronze & Aluminum 


Co., Cleveland. 

Recorder—W. J. Klayer. 

“Mechanical Properties of Sand Cast Magnesium-Zinc-Zir- 
conium Alloys,” J. F. Hildebrand and F. P. Strieter, The Dow 
Chemical Co., Midland, Michigan. 

“High Strength Non-Heat-Treated Aluminum Casting Alloys,” 
Walter Bonsack, Christiansen Corp., Chicago, presented by Chas. 
Maxwell. 

“Zinc in Aluminum Casting Alloys,” D. L. 
Smelting Co., Chicago. 


Colwell, Apex 


Brass AND BRONZE SESSION 
Friday, May 2, 10:00 A.M. 

Presiding—G. P. Halliwell, H. Kramer & Co., Chicago. 

Co-Chairman—H. J. Roast, Foundry Consultant, London, 
Ont., Canada. 

Recorder—R. A. Colton, American Smelting & Refining Co., 
Barber, N. J. 

“Effects of Gating Practice on Leak Tightness of 85-5-5-5 and 
81-3-7-9 Alloy Castings,” ]. G. Kura, Battelle Memorial Institute, 
Columbus, and L. W. Eastwood, Kaiser Aluminum & Chemical 
Corp., Spokane, Wash. 

“Influence of Aluminum on Properties of Cast Gun-Metal and 
Removal of Aluminum by Slag,” Official Swedish Exchange 
Paper, A. V. Larsson, AB Svenska Metallverken, Vasteras, Sweden. 


PATTERN SESSION 
Friday, May 2, 10:00 A.M. 

Presiding—E,. T. Kindt, Kindt-Collins Co., Cleveland. 

Co-Chairman—Vaughan C. Reid, City Pattern Foundry & 
Machine Co., Detroit. 

Recorder—F. J. Oklessen, Motor Patterns Co., Cleveland. 

“Core Boxes from Core Plugs,” J. E. Mathias, Accurate Match 
Plate Co., Chicago. 

“Patiern Making to Compensate for Shrink Allowance,” M. K. 
Young, United States Gypsum Co., Chicago. 








SUMMARY OF PROCEEDINGS 


SAND SESSION 
Friday, May 2, 10:00 A.M. 

Presiding—C. C. Sigerfoos, Michigan State College, East Lan- 
sing. 

Co-Chairman—V. M. Rowell, Archer-Daniels-Midland Co., 
Cleveland. 

Recorder—F. P. Goettman, Standard Sand Co., Grand Haven, 
Mich. 

“Olivine Application in the Foundry,” G. S. Schaller, Univer- 
sity of Washington, Seattle. 

“The Mechanism of Bonding in Foundry Molding Sands,” L. 
M. Diran and H. F. Taylor, Massachusetts Institute of Technol- 
ogy, Cambridge. 

“Practical Aspects of Olivine as a Molding Material,” Official 
Norwegian Exchange Paper—John Sissener and Bjorn Langum, 
\/S Myrens Verksted, Bentsbrought, Oslo, Norway. 


\LUMINUM AND MAGNESIUM RouND TABLE LUNCHEON 
Friday, May 2, 12:00 Noon 

Presiding—W. FE. Sicha, Aluminum Company of America, 
Cleveland. 

Discussion Leaders: (Aluminum) T. D. Stay, Reynolds Metals 
Co., Cleveland; (Magnesium) C. C. Hitchcock & Sons, Inc., 
Minneapolis. 

Subject—“Sand Casting Practice for Aluminum and Magne- 
sium Alloys.” 


PATTERN Rounp [TABLE LUNCHEON 
Friday, May 2, 12:00 Noon 

Presiding—E. T. Kindt, Kindt-Collins Co., Cleveland. 

Co-Chairman—A. F. Pfeiffer, Allis-Chalmers Mfg Co., Mil- 
waukee. 

“Pattern Apprentice Training Program,” F. W. Burgdorfer, 
Missouri Pattern Works, St. Louis. 

“New Methods in Metal Patternmaking,” H. J]. Jacobson, In- 
dustrial Pattern Works, Chicago. 


BrRAss AND BRONZE SESSION 
Friday, May 2, 2:00 P.M. 
Presiding—C. A. Robeck, Gibson & Kirk Co., Baltimore. 
Co-Chairman—B. F. Shepherd, Ingersoll-Rand Co., Phillips- 
burg, N. J. 
Recorder—F. L. Riddell, H. Kramer & Co., Chicago. 
“Effects of Mold Materials on Leak Tightness and Mechanical 
Properties of ~85-5-5-5 and 81-3.7-9 Alloy Castings,” J. G. Kura, 
Battelle Memorial Institute, Columbus, and L. W. Eastwood, 
Kaiser Aluminum & Chemical Corp., Spokane, Wash.. 
“Fracture Characteristics and Melt Quality of 85-5-5-5 Red 
Brass and Other Copper-Base Alloys,” Research Progress Report 
—C. Upthegrove, University of Michigan, Ann Arbor, and F. B. 
Rote, Albion Malleable Iron Co., Albion, Mich. 
“Refining and Elimination of Gases from Metals and Alloys,” 
H. Lepp, F. Monneret and P. Rame, France. 


MALLEABLE AND REFRACTORIES SESSION 
Friday, May 2, 2:00 P.M. 

Presiding—W. G. Ferrell, Auto Specialties Manufacturing Co., 
St. Joseph, Michigan. 

Co-Chairman—Eric Weiander, John Deere Malleable Works, 
East Moline, Ill. 

Recorder—Wm. Zeunik, National Malleable & Steel Castings 
Co., Indianapolis, and R. A. Witschey, A. P. Green Fire Brick 
Co., Chicago. 

“Refractory Practice as Applied to Malleable Duplexing,” 
C. W. Meyer, Central Foundry Div., Saginaw Malleable Iron 
Plant, GMC, Saginaw, Mich. 

“Air Furnace Refractory Practice in Cupola-Air Furnace Du- 
plexing,” W. C. Corbeau, National Malleable & Steel Castings 
Co., Cleveland. 

“Refractories Applied to Batch Type Air Furnaces,” C. O. 
Schopp and P. F. Ulmer, Link-Belt Co., Indianapolis. 


SAND SHOP CourRsE—-NON-FERROUS 
Friday, May 2, 4:00 P.M. 
Presiding—R. H. Jacoby, The Key Company, East St. Louis, 
Illinois. 
Co-Chairman—B. N. Ames, New York Naval Shipyard, Brook- 
lyn. 


vil 


Recorder—G. M. Etherington. American Brake Shoe Co., 
Mahwah, N., J. 

Subject—“Symposium on Shell Molding.” 

Discussion Leadérs—Vaughan C. Reid, City Pattern Foundry 
& Machine Co., Detroit; R. W. Crannell, Lehigh Foundries, Inc.., 
Easton, Pa.; N. A. Kahn, New York Naval Shipyard, Brooklyn; 
E. N. Harrison, Econocast, Inc., Chattanooga, Tenn.; H. K. Salz 
berg, The Borden Co., Bainbridge, N. Y. 


ANNUAL Business MEETING 
Saturday, May 3, 9:30 A.M. 

Presiding—Walter L. Seelbach, A.F.S. President. 

President Seelbach called the meeting to order as the Annual 
Business meeting of the American Foundrymen’s Society. Presi- 
dent Seelbach then introduced and called on various representa- 
tives of foundry associations and societies from abroad. He then 
presented the President’s Annual Address. See page xiii. 

Following this presentation President Seelbach called on 
Secretary-Treasurer Wm. W. Maloney who announced the 1952 
\.F.S. Apprentice Contest winners as follows. 

Wood Patternmaking Division 

Ist—David Lee Schroeder, Universal Foundry Co., Oshkosh, 
Wis. 

2nd—Fred R. Fiorentini, Modern Pattern Co., Cleveland 

3rd—Donald A. Siebert, Royal Pattern Works, Cleveland 

Metal Patternmaking Division 

Ist—Luther R. Hardin, Ford Motor Co., Dearborn, Mich. 

2nd—Donald E. Wagley, City Pattern & Foundry Co., South 
Bend, Ind. 

3rd—Burdette C. 
Pontiac, Mich. 


Henricks, Pontiac Motor Div. of GMC, 


Gray Iron Molding Division 

Ist—Robert P. Schmidt, Brown & Sharpe Mfg. Co., Providence, 
m. £. 

2nd—Jerome J. Rodman, Whitin Machine Works, Whitins- 
ville, Mass. 

3rd—Ronald J. Kurber, International Harvester Co., Chicago 

Steel Molding Division 

Ist--Henry C. Grube, Waukesha Foundry Co., Waukesha, Wis. 

2nd—Adolph C. Zinn, Waukesha Foundry Co., Waukesha, Wis. 

$rd—Roland Lalumiere, Canadian Car & Foundry Co., Ltd., 
Montreal, P. Q., Canada. 

Non-Ferrous Molding Division 

Ist—Fernand Lemieux, Dominion Engineering Works, Ltd., 
Lachine, P. Q., Canada. 

2nd—Jack Monaco, Dominion Engineering Works, Ltd., La- 
chine, P. Q., Canada. 

3rd—Gaston Vigneault, Miller's Brass Foundry, Trois Rivieres, 
P. Q., Canada. 

The Society arranged to have the five first-prize winners pres- 
ent at the Convention and to receive their awards in person. 
The first-prize winners were called to the platform and President 
Seelbach presented each with the first prize, a check for $100.00 
and an engraved Certificate of Award prefaced by a few words of 
commendation and encouragement. 

President Seelbach then called on Secretary-Treasurer Maloney 
who reported on the nominations of Officers and Directors for 
the coming year and stated that no additional nominees had 
been received in accordance with the procedure prescribed in 
Art. X of the Society By-Laws. He therefore cast the unanimous 
ballot of the membership of A.F.S. for the election of the fol- 
lowing: 

President (to serve one year): 

I. R. Wagner, Electric Steel Casting Co., Indianapolis, Ind. 


Vice-President (to serve one year): 
Carter L. Collins, Albion Malleable Iron Co., Albion, Mich. 


Directors (to serve three years): 

Martin A. Fladoes, Sivyer Steel Casting Co., Milwaukee. 

Walter J. Klayer, Aluminum Industries, Inc., Cincinnati. 

J. O. Klein, Texas Foundries, Inc., Lufkin, Texas. 

A. D. Matheson, French & Hecht Division, Kelsey-Hayes Wheel 
Co., Davenport, Iowa. 

H. G. Robertson, American Steel Foundries, Alliance, Ohio. 

Director (to serve one year): 

Walter L. Seelbach, Superior Foundry, Inc., Cleveland. 

President Seelbach next introduced John S. Bugas, Ford 
Motor Co., who delivered the Charles Edgar Hoyt Lecture. 
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CHARLES EpGAR Hoyt ANNUAL LECTURE 
Saturday, May 3, 11:00 A.M. 
“Industry's Responsibility to Youth,” John S. Bugas, Vice- 
President, Industrial Relations, Ford Motor Co., Dearborn, 
Michigan. 


PATTERN SESSION 
Saturday, May 3, 2:00 P.M. 

Presiding—V. J . Sedlon, Master Pattern Co., Cleveland. 

Co-Chairman—H. C. Swanson, Arrow Pattern and Foundry, 
Chicago. 

Recorder—F. J. Oklessen, Motor Patterns Co., Cleveland. 

“Practical Construction of Wood Patterns,” Walter Siebert, 
Elyria Foundry Div., Industrial Brown Hoist Co., Elyria, Ohio. 

“Patterns for Malleable and Steel Foundries,” J. M. Kreiner, 
National Malleable & Steel Castings Co., Cleveland. 


SAND SESSION 
Saturday, May 3, 2:00 P.M. 

Presiding—H., J. Williams, New Jersey Silica Sand Co., Mill- 
ville, N. J. 

Co-Chairman—Stanton Walker, National Industrial Sand 
Assn., Washington, D. C. 

Recorder—D. C. Williams, Ohio State University, Columbus. 

‘“Mineral Perlite and Its Uses in the Foundry,’ E. D. Boyle 
and H. R. Wolfer, Puget Sound Naval Shipyard, Bremerton, 
Wash. 

“Influence of Specimen Tube Loading and Riddle Size on 
Molding Sand Test Results,” D. I. Huizenga, Albion Malleable 
Iron Co., Albion, Mich., and K. E. Spray, U. S. Bureau of Ships, 
Washington, D. C. 

“A Study of the A.F.S. Fineness Test,” Official Exchange Paper, 
Institute of Australian Foundrymen (Victorian Division)—H. A. 
Stephens, Commonwealth Scientific and Industrial Research Or- 
ganization, Melbourne, Australia. 


ALUMINUM AND MAGNESIUM SESSION 
Saturday, May 3, 3:00 P.M. 

Presiding—R. F. Thomson, Research Laboratories Div., Gen- 
eral Motors Corp., Detroit. 

Co-Chairman—.T, D. Stay, Reynolds Metals Co., Cleveland. 

A.F.S. Aluminum and Magnesium Research Progress Report-— 
Motion Picture, “Effect of Gating Design on Casting Quality.” 
K. Grube and J. H. Jackson, Battelle Memorial Institute, Colum- 
bus. 


BRASS AND BRONZE SESSION 
Saturday, May 3,3:00 P.M. 


Presiding—W. A. Mader, Oberdorfer Foundries, Inc., Syracuse, 
N. ¥. 

Co-Chairman—B. W. 
City, Mich. 

Recorder—C. P. Kotowicz, Ampco Metal, Inc., Milwaukee. 

“Effect of Lead and Nickel on Grain Size of Certain Cast 
Copper-Base Alloys,” R. A. Colton, F. L. Turk and D. L. Lavelle, 
American Smelting & Refining Co., Barber, N. J. 

“Use of Aluminum Bronze in High Pressure Castings,” T. C. 
Bunch and G. E. Dalbey, Mare Island Naval Shipyard, Vallejo, 
Calif. 

“Melting in High Speed Reverbatory Furnace,” R. G. Carlson 
and W. B. Scott, National Bearing Div., American Brake Shoe 
Co., Meadville, Pa. 


Schafer, Kuhlman Electric Co., Bay 


MALLEABLE SESSION 
Saturday, May 3,4:00 P.M. 

Presiding—W. K. Bock, National Malleable & Steel Castings 
Co., Cleveland. 

Co-Chairman—F. B. Rote, Albion Malleable Iron Co., Albion, 
Mich. 

Recorders—W. K. Bock and F. B. Rote. 

“A Test for Hot Tearing Tendency,” A.F.S. Research Progress 
Report—A. E, Lange and R. W. Heine, University of Wisconsin, 
Madison. 

“Effects of Melting Furnace Atmosphere on Fluidity, Hot 
Tearing Tendency, and Other Properties of Malleable Iron,” 
A.F.S. Research Progress Report—A. F. Lange and R. W. Heine, 
University of Wisconsin, Madison. 


INTERNATIONAL FOUNDRY CONGRESS 


SAFETY, HYGIENE AND AIR POLLUTION SESSION 
Saturday, May 3,4:00 P.M. 

Presiding—A. L. Hunt, National Bearing Div., American 
Brake Shoe Co., St. Louis. 

Co-Chairman—C., K. Faunt, Christensen & Olsen Foundry Co., 
Chicago. 

Recorder—H. F. Scobie, American Foundrymen’s Society, Chi- 
cago. 

“Ventilation at Non-Ferrous Melting and Pouring Opera 
tions,” H. J. Weber, American Brake Shoe Co., Chicago. 

“How to Maintain Foundry Ventilation and Dust Collecting 
Systems,” K. M. Smith, Caterpillar Tractor Co., Peoria, II. 


SAND SESSION 
Saturday, May 3,4:00 P.M. 

Presiding—O, J. Myers, Archer-Daniels-Midland Co., Minne- 
apolis. 

Recorder—F, S. Brewster, Harry W. Dietert Co., Detroit. 

“Influence of Oven Atmosphere on Drying of Molds and Bak- 
ing of Cores,’ Georges Ulmer and Maurice DeCrop, Centre 
Technique des Industries de la Fonderie, Paris, France. 

“Flowability of Foundry Sands,” L. M. Diran, A. J. Shaler and 
H. F. Taylor, Massachusetts Institute of Technology, Cambridge. 

INTERNATIONAL BANQUET 
Saturday, May 3,7:30 P.M. 

Presiding—Walter L. Seelbach, President, American Foundry- 
men’s Society. 

he Annual A.F.S. Dinner of the Society’s 56th Annual Meet- 
ing and International Congress was called to order by President 
Walter L. Seelbach, presiding. 

President Seelbach requested the audience to stand in silence 
for a moment in memory of the late Dr. Guido Vanzetti, Milan, 
Italy, president of the International Congress of Foundry Tech- 
nical Associations during its formative years. 

President Seelbach then called on A.F.S. Past President Ralph 
J. Teetor, Chairman of the A.F.S. Board of Awards who pre- 
sided over presentation of A.F.S. Gold Medal Awards and Hon- 
orary Life Memberships to eight foundrymen whose contribu- 
tions to the art of metal casting and to the Society have been 
outstanding: 


THE Wm. H. McFappen Go_p MEDAL 
Awarded to: Henton Morrogh, British Cast Iron Research 
Association, Alvechurch, Birmingham, England, “For outstand- 
ing work and development in the field of spheroidal cast iron.” 


Tue Jos. S. SEAMAN GOLD MEDAL 
Awarded to: Albert Portevin, Institut de France, Paris, France 
“For technical contributions over many years to the arts and 
sciences of the foundry industry.” 
Tue JOHN A. PENTON GOLD MEDAL 
Awarded to: Frank G. Steinebach, Penton Publishing Co., 
Clevelaad, “For outstanding contributions to the foundry indus- 
try and the Society.” 


THE PETER L. Stmpson GOLD MEDAL 
Awarded to: Albert P. Gagnebin and Keith D. Millis, The In- 
ternational Nickel Co., New York “For outstanding work and 
development in the field of spheroidal cast iron.” 


Honorary Lire MEMBERSHIPS IN A.F.S. 

Awarded to: William G. Mixer, Consultant of Flint, Michigan 
“For a lifetime of service and application of engineering to the 
foundry.” 

Alexander I, Krynitsky, National Bureau of Standards, Wash- 
ington, D. C. “For a lifetime of fundamental research in the 
field of metal casting.” 

Walter L. Seelbach, Superior Foundry, Inc., Cleveland “In 
recognition of his services to the American Foundrymen’s Socie- 
ty as its President, 1951-52.” 


INTERNATIONAL AWARD OF HONOR 

International Vice-President L. N. Shannon presented the 
International Award of Honor—a bronze replica of Cellini’s 
Perseus provided by Mario Olivo of Milan, Italy, to Dr. Eugenio 
Mortara in the name of the late Carlo Vanzetti of Milan, past 
president of the International Committee and one of its original 
organizers. Dr. Vanzetti’s son, Guido, who was to have accepted 
the award for his late father, died in March, 1952. Dr. Mortara 
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n turn presented the award to A.F.S. President Seelbach, en- 
trusting its care to A.F.S. as custodian for the Vanzetti family. 


Gray Iron SEssION 
Sunday, May 4, 2:00 P.M. 

Presiding—J. S. Vanick, International Nickel Co., New York. 

Recorder—Chas. Mooney, Olney Foundry Div., Link-Belt Co., 
Philadelphia. ; 

“A New Process for the Industrial Production of Nodular Iron 
With Low Treatment Costs.” Official Exchange Paper, Italian 
Metallurgical Association—Carlo Longaretti and Mario Noris, 
institute for Siderurgy, Finsider, Genoa, Italy. 

“Production of Heavy Spheroidal Graphite Cast Iron Gears,” 
Corrado Galletto, Centro d’Informazioni del Nickel, Milano, 
Italy. 

“Gases and Naturally Occurring Blowholes in Foundry Prac- 
tice” Official Exchange Paper, Association Technique de Fon- 
derie de France—A. M. Portevin, Institut de France, Paris. 


CANADIAN DINNER 
Sunday, May 4, 7:00 P.M. 
Chairman—J. J. McFadyen, Galt, Ont. 


Gray IRON SESSION 
Monday, May 5, 10:00 A.M. 

Presiding—J. D. Sheley, The Black Clawson Co., Hamilton, 
Ohio. 

Co-Chairman—R. A. Clark, Electro Metallurgical Div., Union 
Carbide & Carbon Co., Detroit. 

Recorder—W. T. Bourke, American Brake Shoe Co., Mahwah, 
uM. 3 

“How Iron and Steel Melt in a Cupola,” H. W. Lownie, Jr. 
and C. T. Greenidge, Battelle Memorial Institute, Columbus, 
and D. E. Krause, Gray Iron Research Institute, Columbus. 

“Melting Iron in a Basic-Lined, Water-Cooled Cupola,” W. W. 
Levi, Lynchburg Foundry Co., Radford, Va. 

“Metallurgical Blast Cupola,” Official Belgian Exchange Paper 
—Robert Doat, Compagnie General des Conduites d’Eau, Liege, 
Belgium, and M. A. DeBock, Consulting Engineer, Brussels, 
Belgium. 

STEEL SESSION 
Monday, May 5, 10:00 A.M. 

Presiding—C. B. Jenni, General Steel Castings Corp., Eddy- 
stone, Pa. 

Co-Chairman—Dale Hall, Oklahoma Steel Casting Co., Tulsa, 
Oklahoma. 

Recorder—L. H. Hahn, Sivyer Steel Castings Co., Chicago. 

“The Substitution of Boron for Alloys in Cast Steel,” R. A. 
Dyke, Jr., and C. K. Donoho, American Cast Iron Pipe Co., 
Birmingham, Ala. 

“Application of Chills to Increasing the Feeding Range of 
Risers,” E. T. Myskowski, H. F. Bishop and W. S. Pellini, Naval 
Research Laboratory, Washington, D. C. 

“Development of Steel Foundries in India,” Official Exchange 
Paper, Institute of Indian Foundrymen—N. G. Chakrabarti, Cal- 
cutta. 


SAFETY, HYGIENE AND AIR POLLUTION SESSION 
Monday, May 5, 10:00 A.M. 

Presiding—F. W. Shipley, Caterpillar Tractor Co., Peoria, IIl. 

Co-Chairman—J. R. Allan, International Harvester Co., Chi- 
cago. 

Recorder—H. F. Scobie, American Foundrymen’s Society, Chi- 
cago. 

“The A.F.S. Safety, Hygiene and Air Pollution Program,” 
J. R. Allan, Chairman, A.F.S. Safety, Hygiene and Air Pollution 
Committee—International Harvester Co., Chicago. 

“The Foundryman Looks at Air Pollution,” N. H. Keyser and 
H. P. Munger, Battelle Memorial Institute, Columbus 

“Health Problems of the Metal Castings Industry,” D. A. Irwin, 
M.D., Aluminum Company of America, Pittsburgh. 


TIMESTUDY AND METHODs SESSION 
Monday, May 5, 10:00 A.M. 
Presiding—L. W. Lehman, John Deere Van Brunt Co., Hori- 
con, Wis. 
Co-Chairman—H. R. Williams, Williams Management Engi- 
neering, Milwaukee. 
Recorder—H. R. Williams. 
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“Use of Motion Pictures for Foundry Motion and Timestudy,” 
W. K. Richardson, Purdue University, Lafayette, Ind. 

“Application of Motion Pictures for Motion and Timestudy in 
the Foundry,” M. T. Sell, Sterling Foundry Co., Wellington, 
Ohio. 

“Applied Waste Control Principles,” J. R. Walley, Helmick 
and Associates, Canton, Ohio. 


MALLEABLE SESSION 
Monday, May 5, 10:00 A.M. 

Presiding—W. M. Albrecht, Chain Belt Co., Milwaukee. 

Co-Chairman—P. F. Ulmer, Link-Belt Co., Indianapolis. 

Recorder—L. G. Osborne, Lakeside Malleable Castings Co., 
Racine, Wis. 

“Effect of Phosphorus Content on Graphitization Rate and 
Mechanical Properties of Black Heart Malleable Iron,” J. E. Reh- 
der, Department of Mines and Technical Surveys, Ottawa, Ont., 
Canada. 

“Malleable Iron Annealing Time Reduced,” W. G. Wilson and 
N. F. Tisdale, Jr., Molybdenum Corp. of America, Pittsburgh. 


SAND SESSION 
Monday, May 5, 10:00 A.M. 

Presiding—J. B. Caine, Consultant, Wyoming, Ohio. 

Co-Chairman—H. W. Dietert, Harry W. Dietert Co., Detroit. 

Recorder—R. G. Thorpe, Cornell University, Ithaca, N. Y. 

“Pneumatic Reclamation for Foundry Sands,” C. E. Wennin- 
ger, National Engineering Co., Chicago. 

“Reclaiming Used Molding Sands by Air Scrubbing,” H. H. 
Fairfield, J. McConachie, and H. F. Graham, Wm. Kennedy & 
Sons, Ltd., Owen Sound, Ont., Canada. 

“Sand Control with Particular Reference to the Prevention of 
Scabbing,” Official Exchange Paper, Institute of British Foundry- 
men—W. B. Parkes, British Cast Iron Research Assn., Birming- 
ham, England. 


MALLEABLE RounD TABLE LUNCHEON 
Monday, May 5, 12:00 Noon 

Presiding—J. H. Lansing, Malleable Founders’ Society, Cleve- 
land. 

Co-Chairman—W, A. Kennedy, The Grinnell Co., Inc., Provi- 
dence, R. I. 

Subject—“Dielectric Core Baking.” 

Discussion Leaders—K. H. Hamblin, The Grinnell Co., Inc., 
Providence, R. I.; P. C. DeBruyne, Moline Malleable Iron Co., 
St. Charles, Illinois. 

Subject—“Fluidity Tests.” 

Discussion Leader—P. C. Rosenthal, University of Wisconsin, 
Madison. 


CHAPTER EpucaTion Activities SESSION 
Monday, May 5, 2:00 P.M. 

Presiding—F. G. Sefing, International Nickel Co., Inc., New 
York. 

Co-Chairman—E. W. Horlebein, Gibson & Kirk Co., Balti- 
more. 

Recorder—W. J. Hebard, Continental Foundry & Machine Co., . 
East Chicago, Ind. 

Speakers—Northwestern Pennsylvania Chapter—E. M. Strick, 
Erie Malleable Iron Co., Erie, Pa.; Southern California Chapter 
—Robert Gregg, Reliance Regulator Div., American Meter Co., 
Alhambra, Calif.; Philadelphia Chapter—A. N. Kraft, Wilkening 
Mfg. Co., Philadelphia, and H. E. Mandel, Pennsylvania Found- 
ry Supply and Sand Co., Philadelphia. 


PLANT AND PLANT EQUIPMENT SESSION 
Monday, May 5, 2:00 P.M. 

Presiding—James Thomson, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Co-Chairman—R. J. Wolf, Stone & Webster Engineering Corp., 
Boston. 

Recorders—James Thomson and R. J. Wolf. 

“Development and Application of Molding Machines for the 
Production of Light Castings,” A. S. Hedberg, Wells Mfg. Co., 
Skokie, Ill. 

“Development and Application of Machines for the Making of 
Molds by Slinging,” Martin Putz, Mattison Machine Works, 
Rockford, Il. 











SAFETY, HYGIENE AND AIR POLLUTION SESSION 
Monday, May 5, 2:00 P.M. 
Presiding—J. M. Kane, American Air Filter Co., Louisville. 
Recorder—H. F. Scobie, American Foundrymen’s Society. 
“The Single Objective Approach to Foundry Safety,” Dan Far- 
rell, United States Steel Co., Pittsburgh. 
“Air Pollution and the Cupola,” J. C. Radcliffe, Ford Motor 
Co., Dearborn, Mich. 


GRAY IRON SESSION 
Monday, May 5, 2:00 P.M. 
Presiding—J. T. MacKenzie, American Cast Iron Pipe Co., 
Birmingham, Ala. 
Co-Chairman—T. J. Wood, American Brake Shoe Co., Mah- 
wah, N. J. 
Recorder—H. W. Lownie, Jr., Battei:e Memorial Institute, 
Columbus, Ohio. 
“Production Experiences with a Basic Cupola,” S. F. Carter, 
American Cast Iron Pipe Co., Birmingham, Ala. 
“Factors Affecting Fluidity of Cast Iron,” L. F. Porter and P. 
C. Rosenthal, University of Wisconsin, Madison. 
“Influence of Phosphorus on Hot Tear Resistance of Plain and 
Alloy Gray Iron,” J. C. Hamaker, Jr., General Iron Works Co., 
Denver, and W. P. Wood, University of Michigan, Ann Arbor. 


STEEL SESSION 
Monday, May 5, 2:00 P.M. 

Presiding—R. H. Jacoby, The Key Company, East St. Louis, 
Ill. 

Co-Chairman—R. H. Frank, Bonney-Floyd Co., Columbus, 
Ohio. 

Recorder—J. R. Goldsmith, Crane Co., Chicago. 

“Metallurgy and Mechanics of Hot Tearing,” H. F. Bishop, 
C. G. Ackerlind and W. S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

“Hot Tear Formation in Steel Castings,” U. K. Bhattacharya, 
Cc. M. Adams and H. F. Taylor, Massachusetts Institute of Tech- 
nology, Cambridge. 

“Investigation of Hot Tears in Steel Castings,” Research Prog- 
ress Report (in three parts): Part I, Gordon Johnson, Armour 
Research Foundation, Chicago; Part II, G. A. Lillieqvist, Amer- 
ican Steel Foundries, East Chicago, Ind.; and Part III, Clyde 
Wyman, Committee Chairman, Burnside Steel Foundry Co., 
Chicago. 


Gray Iron SHop Course 
Monday, May 5, 4:00 P.M. 
Presiding—K. H. Priestley, Vassar Electroloy Products, Inc., 
Vassar, Mich. 
Co-Chairman—E, J. Burke, Hanna Furnace Corporation, Buf- 
falo. 
Subject—“Scrap Control by Sampling.” 
Discussion Leader—R. W. Gardner, Dearborn Iron Foundry, 
Ford Motor Co., Dearborn, Mich. 
4 
SAND SHOP COURSE 
Monday, May 5, 4:00 P.M. 
Presiding—H. W. Meyer, General Steel Castings Corp., Granite 
City, Il. 
Co-Chairman—F. S. Brewster, Harry W. Dietert Co., Detroit. 
Subject—“Use of High Density Molding Materials in the 
Foundry.” 
Discussion Leader—W. M. Peterson, M. A. Bell Co., St. Louis. 


CHAPTER EDUCATIONAL ACTIVITIES SESSION 
Monday, May 5, 4:00 P.M. 

Presiding—¥. G. Sefing, International Nickel Co., New York. 

Co-Chairman—E. W. Horlebein, Gibson & Kirk Co., Balti- 
more. 

Recorder—W. J. Hebard, Continental Foundry & Machine Co., 
East Chicago, Ind. 

Speakers—Northwestern Pennsylvania Chapter—E. M. Strick, 
Erie Malleable Iron Co., Erie, Pa.; Southern California Chapter 
—Robert Gregg, Reliance Regulator Div., American Meter Co., 
Alhambra, Calif.; Philadelphia Chapter—A. N. Kraft, Wilkering 
Mfg. Co., Philadelphia, and H. E. Mandel, Pennsylvania Foundry 
Supply and Sand Co., Philadelphia. 








INTERNATIONAL FOUNDRY CONGRESS 






Founpry Cost SEssion 
Monday, May 5, 4:00 P.M. 
Presiding—R. L. Lee, Grede Foundries, Inc., Milwaukee. 
Co-Chairman—G. E. Tisda:e, Zenith Foundry Co., Milwaukee. 
Recorder—G. E. Tisdale. 
Subject—Question and Answer Panel. 
Discussion Leaders—C. S. Roberts, Dodge Steel Co., Philadel- 
phia; C. E. Westover, Westo.2r Engineers, Milwaukee; W. A. 
Gluntz, Gluntz Brass & Aluminum Foundry Co., Cleveland. 


PLANT AND PLANT EQUIPMENT SESSION 
Monday, May 5, 4:00 P.M. 

Presiding—James Thomson, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Co-Chairman—H. W. Johnson, Wells Mfg. Co., Skokie, III. 

Recorders—James Thomson and H. W. johnson. 

“Jolt Rollover Molding Machines for Medium and Heavy 
Castings,” K. M. Smith, Caterpillar Tractor Co., Peoria, III. 

“Special and Automatic Molding Machines,” K. M. Smith, 
Caterpillar Tractor Co., Peoria, Il. 

Motion Picture, “Mechanization in Molding, II,” H. C. 
Weimer, Beardsley & Piper Div., Pettibone Mulliken Corp., Chi- 
cago. 


Gray IRON SEssion 
Monday, May 5, 4:00 P.M. 

Presiding—W. H. White, Jackson Iron & Steel Works, Jackson, 
Ohio. 

Co-Chairman—Carl Harmon, Hanna Furnace Corp., Buffalo. 

Recorder—C. ‘C. Sigerfoos, Michigan State College, East Lan- 
sing, Mich. 

“Commercial Experience with Higher Silicon Nodular Irons,” 
R. Schneidewind, University of Michigan, Ann Arbor, and H. H. 
Wilder, Vanadium Corporation of America, Detroit. 

“Effects of Cerium on Graphite Formation in Alloy Cast Iron,” 
FE. A. Rowe, University of Washington, Seattle, and H. A. John- 
son, General Electric Co., Richland, Wash. 


A.F.S. ALUMNI DINNER 
Monday, May 5,7:15 P.M. 
Presiding—W. L. Woody, National Malleable & Steel Castings 
Co., Cleveland. 
Speaker—Wm. J. Grede, President, National Association of 
Manufacturers—President, Grede Foundries, Inc., Milwaukee. 
Subject—“Our Free Enterprise.” 


Founpry Cost SEssion 
Tuesday, May 6, 10:00 A.M. 
Presiding—R. L. Lee, Grede Foundries, Inc., Milwaukee. 
Co-Chairman—M. FE. Annich, American Brake Shoe Co., Mah- 
wah, N. J. 
Recorder—M. FE. Annich. 
“Pricing Castings Using Standard Costs,” J. A. Westover, West- 
over Engineers, Milwaukee. 


EDUCATIONAL SESSION 
Tuesday, May 6, 10:00 A.M. 
Presiding—G. J. Barker, University of Wisconsin, Madison. 
Co-Chairman—W., J. Hebard, Continental Foundry & Machine 
Co., East Chicago, Ind. 
Recorder—W. J. Hebard. 
“Management’s Responsibility in the Training Program,” 
J. D. Judge, Hamilton Foundry & Machine Co., Hamilton, Ohio. 
“Apprentice Training—It Is Needed,” M. C. Sandes, Mare 
Island Naval Shipyard, Vallejo, Calif. 


Gray IRON SESSION 
Tuesday, May 6, 10:00 A.M. 

Presiding—F. T. McGuire, Deere & Co., Moline, Ill. 

Co-Chairman—W. A. Hambley, Chas. A. Krause Milling Co., 
Birmingham, Mich. 

Recorder—C. T. Marek, Purdue University, Lafayette, Ind. 

“Effect of Sulphur on the Fluidity of Gray Cast Iron,” L. F. 
Porter and P. C. Rosenthal, University of Wisconsin, Madison. 

“Internal Porosity in Gray Iron Castings,” J. C. Hamaker, Jr., 
General Iron Works Co., Denver; W. P. Wood, University of 
Michigan, Ann Arbor, and F. B. Rote, Albion Malleable Iron 
Co., Albion, Mich. 
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“Effect of Hydrogen on Graphitization,” B. F. Brown, North 
Carolina State College, Raleigh, and M. F. Hawkes, Carnegie 
Institute of Technology, Pittsburgh. 


HEAT TRANSFER SESSION 
Tuesday, May 6, 10:00 A.M. 
Presiding—-H. A. Schwartz, National Malleable and Steel Cast- 
ings Co., Cleveland. 
Co-Chairman—E. C. Troy, Foundry Engineer, Palmyra, N. J 
Recorder—C. E. Sims, Battelle Memorial Institute, Columbus. 
“Heat Flow in Moist Sand,” Research Progress Report—V. 
Paschkis, Columbia University, New York. 
“Solidification of Nodular Iron in Sand Molds,” R. P. Dunphy 
and W. S. Pellini, Naval Research Laboratory, Washington, D. C. 


STEEL SESSION- STATISTICAL QUALITY CONTROL 
Tuesday, May 6, 10:00 A.M. 

Presiding—H. H. Johnson, National Malleable & Steel Cast- 
ings Co., Sharon, Pa. 

Co-Chairman—R. W. Gardner, Dearborn Iron Foundry, Ford 
Motor Co., Dearborn, Mich. 

Recorder—H. H. Johnson. 

“The Whys and Wherefores of Statistical Quality Control,” 
W. R. Weaver (President, American Society for Quality Con- 
trol), Republic Steel Corp., Cleveland. 

“Foundry Management Looks at Statistical Quality Control,” 
E. L. Fay, Deere & Co., Moline, Ill. 


Gray [RON Rounpb TABLE LUNCHEON 
Tuesday, May 6, 12:00 Noon 

Presiding—R. J. Allen, Worthington Pump & Machinery 
Corp., Harrison, N. J. 

Co-Chairman—C. O. Burgess, Gray Iron Founders’ Society, 
Cleveland. 

Subject—“Reciamation of Gray Iron Castings.” 

“British Report,” A. B. Everest and F, A. Ball, Mond Nickel 
Co., Ltd., Lendon. 


EQUIPMENT AND SUPPLIES LUNCHEON 
Tuesday, May 6, 12:00 Noon 

Presiding—C. V. Nass, President, Foundry Equipment Manu- 
facturers Assn.; L. H. Heyl, President, Foundry Facings Manu- 
facturers Assn. 

Speaker—Francis E. Fisher, Chief, Foundry Equipment and 
Supplies Sec., Metal Working Equipment Div., NPA, Washing- 
ton, D. C. 


REFRACTORIES SESSION 
Tuesday, May 6,2:00 P.M. 
Presiding—R. H. Stone, Vesuvius Crucible Co., Swissvale, 
Pittsburgh. 
Co-Chairman—W. R. Jaeschke, The Whiting Corp., Harvey, 
Ill. 
Recorders—R. H. Stone and W. R. Jaeschke. 
“Fundamentals of Foundry Refractories,” J. S. McDowell and 
J. D. Custer, Harbison-Walker Refractories Co., Pittsburgh. 
“Effect of Slag on Furnace Linings,” L. B. Wyckoff, Lewiston, 
BF. 


STEEL SESSION—STATISTICAL QUALITY CONTROL 
Tuesday, May 6, 2:00 P.M. 

Presiding—A. A. Evans, International Harvester Co., Indian- 
apolis. 

Co-Chairman—Geo. Ver Beke, John Deere Malleable Works, 
East Moline, Ili. 

Recorder—H. H. Johnson, National Malleable & Steel Castings 
Co., Sharon, Pa. 

“Quality Control in a Malleable Iron Foundry,” E. F. Price 
and O. K. Hunsaker, Dayton Malleable Iron Co., Ironton, Ohio. 

“Quality Control in a Jobbing Steel Foundry,” H. H. Fair- 
field, Wm. Kennedy & Sons, Ltd., Owen Sound, Ont., Canada. 


TIMEstupy AND METHODs SESSION 
Tuesday, May 6,2:00 P.M. 

Presiding—J. FE. Hyland, John Deere Spreader Works, East 
Moline, Il. 

Co-Chairman—C, J. Pruett, McWane Cast Iron Pipe Co., 
Birmingham, Ala. 

Recorder—C. J. Pruett. 

“Standards for Rough Chipping and Removing Welds,” Dean 
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Van Order, Burnside Steel Foundry Co., Chicago. 
“A Melt Department Incentive Plan,” E. G. Tetzlaff, Pelton 
Steel Casting Co., Milwaukee. 


HEAT TRANSFER SESSION 
Tuesday, May 6, 2:00 P.M. 

Presiding—H. A. Schwartz, National Malleable & Steel Cast- 
ings Co., Cleveland. 

Co-Chairman—E. C. Troy, Foundry Engineer, Palmyra, N. J. 

Recorder—J. B. Caine, Consultant, Cincinnati. 

“A Simplified Analysis of Riser Treatments,” C. M. Adams, Jr., 
and H. F. Taylor, Massachusetts Institute of Technology, Cam- 
bridge. 

‘Space, Time and Temperature Relations During Casting of 
Metals,” Official Dutch Exchange Paper—J. S. Abcouwer, Werks- 
poor N. V., Utrecht, Holland. 


Gray [RON SESSION 
Tuesday, May 6,4:00 P.M. 

Presiding—J. E. Rehder, Department of Mines & Technical 
Surveys, Ottawa, Ont., Canada. 

Co-Chairman—V. A. Crosby, Climax Molybdenum Co., De- 
troit. 

Recorder 
land. 

“Effect of Percentage of Nodular Graphite on Certain Mechan- 
ical Properties of Magnesium-Treated Cast Iron,” R. W. Lind- 
say, Pennsylvania State College, State College, Pa., and Alvin 
Shames, North American Aviation, Inc., Columbus (formerly 
with Battelle Memorial Institute, Columbus). 

“Time of Formation of Spherulites in Hypo- and Hyper- 
Eutectic Irons,” J. Keverian, C. M. Adams and H. F. Taylor, 
Massachusetts Institute of Technology, Cambridge. 

“A Study of the Formation of Nodular Graphite,” Fredrik 
Hurum, Norway Institute of Technology, Trondheim. 


C. F. Walton, Case Institute of Technology, Cleve- 





Gray IRON SHOP Course 
Tuesday, May 6, 4:00 P.M. 
Presiding—W. W. Levi, Lynchburg Foundry Co., Radford, Va. 
Co-Chairman—E, J]. Burke, Hanna Furnace Corp., Buffalo. 
Subject—“Mechanics of Tuyeres.” 
Discussion Leaders—H. H. Wilder, Vanadium Corp. of Amer- 
ica, Detroit; Carl Harmon, Hanna Furnace Corp., Buffalo. 


SAND SHOP CouRSE 
Tuesday, May 6, 4:00 P.M. 

Presiding—B. H. Booth, Carpenter Bros., Inc., Milwaukee. 

Co-Chairman—R. H. Olmsted, Whitehead Bros. Co., New 
York. 

Subject—“Household Hints and Tips.” 

Panel Members—T. E. Barlow, Eastern Clay Products Div., 
International Chemicals and Minerals Co., Jackson, Ohio; T. W. 
Curry, Lynchburg Foundry Co., Lynchburg, Va.; R. L. Mc- 
Ilwaine, National Engineering Co., Chicago; O. J. Myers, Archer- 
Daniels-Midland Co., Minneapolis; C. V. Nass, Beardsley & Piper 
Div., Pettibone-Mulliken Corp., Chicago; J. A. Rassenfoss, Ameri- 
can Steel Foundries, East Chicago, Ind.; J. 8. Schumacher, Hill & 
Griffith Co., Cincinnati. 


REFRACTORIES AND GRAY IRON SESSION 
Tuesday, May 6,4:00 P.M. 

Presiding—R. A. Witschey, A. P. Green Fire Brick Co., Chi- 
cago. 

Co-Chairman—S. F. Carter, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Recorders—R. A. Witschey and S. F. Carter. 

“Basic Refractories for Cupola Service,” M. W. Demler, Harbi- 
son-Walker Refractories Co., Pittsburgh. 

“Refractories for the Basic Cupola,” H. M. Kraner, Bethlehem 
Steel Co., Bethlehem, Pa. 


INTERNATIONAL EDUCATION DINNER 
Tuesday, May 6,7:00 P.M. 

Presiding—I. R. Wagner, Vice-President A.F.S. 

Co-Chairman—C. L. Carter, Albion Malleable Iron Co., Al- 
bion, Mich. 

Speakers—Noel P. Newman, Past President Institute of Brit- 
ish Foundrymen, Newman Hender & Co., Gloucester, England; 
Tom Makemson, Secretary Institute of British Foundrymen, 
Deansgate, Manchester, England. 








Gray IRON SESSION 
Wednesday, May 7, 10:00 A.M. 


Presiding—A. P. Gagnebin, International Nickel Co., New 
York. 

Co-Chairman—R. Schneidewind, University of Michigan, Ann 
Arbor. 

Recorder—G. A. Timmons, Climax Molybdenum Co., Detroit. 

“Physical Properties of Spheroidal Graphite Cast Iron,” Tech- 
nical Report No. 1 for Watertown Arsenal—C. C. Reynolds and 
H. F. Taylor, Massachusetts Institute of Technology, Cambridge. 

“A Solidification Dilatometer and Its Application to Gray 
Iron,” R. P. Dunphy and W. S. Pellini, Naval Research Labora- 
tory, Washington, D. C. 

“Injluence of Some Residual Elements, and Their Neutraliza- 
tion, in Magnesium-Treated Nodular Iron,” H. Morrogh, British 
Cast Iron Research Association, Birmingham, England. 


SAND SESSION 
Wednesday, May 7, 10:00 A.M. 


Presiding—H. W. Dietert, Harry W. Dietert Co., Detroit. 

Co-Chairman—E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 

Recorder—R. H. Jacoby, The Key Co., East St. Louis, Ill. 

“Veining Tendencies of Cores,” Progress Report of Sand Com- 
mittee 8-J—V. M. Rowell, Chairman, Archer-Daniels-Midland 
Co., Cleveland. 

“Steel Sands at Elevated Temperatures,” Progress Report of 
Research Project—R. G. Thorpe, A. E. Riccardo, P. L. Widener 
and P. E. Kyle, Cornell University, Ithaca, N. Y. 

“Effect of Binders and Additives on Ductility in Molding 
Sands at Elevated Temperatures,” R. E. Morey, C. G. Ackerlind 
and W. S. Pellini, Naval Research Laboratory, Washington, D. C. 
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STEEL SESSION 
Wednesday, May 7, 10:00 A.M. 

Presiding—C. H. Lorig, Battelle Memorial Institute, Colum- 
bus. 

Co-Chairman—Charles Locke, Atlas Foundry & Machine Co., 
Tacoma, Wash. 

Recorder—E. C. Troy, Consultant, Palmyra, N. J. 

“Steel Desulphurization with Injected Carbide,” S. F. Carter, 
American Cast Iron Pipe Co., Birmingham, Ala. 

“Cutting with Ultra-High Purity Oxygen,” E. H. Roper and 
J. F. Kiernan, Air Reduction Sales Co., New York. 

“The Manufacture of Cast Edge Tools in Rotary Furnace 
Steel,” Official Exchange Paper, Institute of Australian Foundry- 
men (New South Wales Div.), Sydney—Gordon Keec’:, Keech 
Castings Pty., Ltd; A. T. Batty and W. M. Dummett, 
Institute of Australian Foundrymen, Sydney, Australia. 

STEEL RouNp TABLE LUNCHEON 
Wednesday, May 7, 12:00 Noon 

Presiding—J. B. Caine, Consultant, Wyoming, Ohio. 

Co-Chairman—V. E. Zang, Unitcast Corporation, Toledo, 
Ohio. 

Subject—“What Are Your Problems.” 

GRAY IRON SESSION 
Wednesday, May 7, 2:00 P.M. 

Presiding—J. S. Vanick, International Nickel Co., New York. 

Co-Chairman—T. E. Eagan, Cooper-Bessemer Corp., Grove 
City, Pa. 

Recorder—J. H. Schaum, Bureau of Standards, Washington, 
D. C. 

“Gating and Risering of Gray Iron,” Research Progress Report 
—W. A. Schmidt and H. F. Taylor, Massachusetts Institute of 
Technology, Cambridge. 

“Gating and Risering Terminology,” Committee Report—N. 
A. Birch, Chairman, National Bearing Div., American Brake 
Shoe Co., Meadville, Pa. 








PRESIDENT’S ANNUAL ADDRESS 


W. L. Seelbach* 


To PREPARE an Annual Report on the activities 
and progress of this Society is not a simple undertak- 
ing. If the American Foundrymen’s Society were 
much smaller, as it once was, the President could sin- 
gle out for recognition a few well-known people and 
tien talk of what we hope some day to accomplish. 
If it were much larger, we could confine ourselves, in 
limited time, to the broad aspects and impersonal 
problems of an entire industry. 

The very nature of the American Foundrymen’s 
Society makes such an escape impossible. Because this 
is a Technical Society, we must be factual, not aca- 
demic. Because our activities are of greatest value to 
the individual, we cannot hide ourselves in an ivory 
tower of impersonality. Because A.F.S. is close to the 
hearts of its members, you have a right to know what 
your Society is doing on your behalf. 

Because A.F.S. is recognized primarily as a Techni- 
cal Society, its work is directed primarily toward tech- 
nical advancement of foundry operations. This work 
is carried on by eight Technical Divisions—Gray Iron, 
Steel, Malleable, Brass and Bronze, Light Metals, 
Sand, Patternmaking and Education—and by a num- 
ber of General Interest Committees dealing with such 
subjects as Refractories, Costs, Plant and Plant Equip- 
ment, Heat Transfer and Timestudy and Methods. 


Technical Committee Activities 


Some 600 men serve voluntarily on the Technical 
Committees of the Society, and it is their willingness 
to impart their experience and knowledge that has 
gained A.F.S. its broad recognition. As to the caliber 
of these men, no corporation in the country is big 
enough or powerful enough to command the brains 
and time and effort they give willingly to A.F.S., for 
the most part without compensation of any kind. How 
can you discount or minimize their contributions to 
foundry operations? Yet many otherwise intelligent 
foundry operators take little or no advantage of this 
great wealth of information so readily available. 

The Technical Divisions and Committees of A.F.S. 
form the cornerstone of our technical work. Their 
members prepare books and other publications, de- 
velop the annual Convention programs, sponsor and 
supervise research work, write articles for AMERICAN 
FOUNDRYMAN and the technical press, consult with the 
Society on technical-practical problems, present found- 
ry talks before Chapters, Regional Conferences, and 
Conventions, and they meet many times—largely un- 
publicized—to advance the Society and industry in 
many ways 

Anyone interested is urged to serve on these Com- 


* President, Superior Foundry, Inc., Cleveland. 
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mittees of the Society, if only he is willing to con- 
tribute of his knowledge and experience in order to 
gain from others. I can think of no way for a young 
man to better himself and improve his knowledge 
than to serve on one of these Committees. Progressive 
foundry managers should encourage their key men to 
participate. 

A Technical Society, of course, must point the way 
as well as to record what others have done. Hence, in 
1946 the A.F.S. Board approved a plan for A.F.S.- 
sponsored research under which each Technical Divi- 
sion may initiate for approval a research project in- 
volving 4 maximum annual expenditure of $5000. 
Once approved, bids are sought for doing the work, 
definitive contracts are let by the Divisions, and divi- 
sional Research Committees supervise the progress. 


A.F.S.-Sponsored Research Projects 


At present seven Research projects are under way: 

“Hydraulics of Light Metal Flow into Molds” by 
the Light Metals Division at Battelle Memorial Insti- 
tute. 

“Centrifugal Casting of Light Metal Alloys,” a spe- 
cial project of the Light Metals Division at Canadian 
Bureau of Mines and Technical Surveys. 

“Effect of Melting Conditions on the Behavior of 
Malleable Iron” by the Malleable Division at Un‘ver- 
sity of Wisconsin. 

“High Temperature Properties of Molding Sands” 
by the Sand Division at Cornell University. 

“Relation of Cores to Hot Tearing” by the Steel 
Division at Armour Research Foundation. 

“Risering of Gray Iron,” by the Gray Iron Division 
at the Massachusetts Institute of Technology. 

“Fundamentals of Heat Flow During Casting Solidi- 
fication” by the Heat Transfer Committee at Colum- 
bia University. 

Much important and valuable information has come 
from these projects; for example, the several A.F.S. 
films on “Fluid Flow in Transparent Molds.” Several 
of these films have been shown extensively in Europe, 
and one has been presented to the British Steelfound- 
ers Association for European use. 

Long a major activity of the Technical Committees 
is the preparation of foundry publications, now an 
important A.F.S. function. At present some 50 titles 
are available, many of them constantly being revised 
and brought up to date, on various phases of foundry 
practice. They include: recommendations for good 
foundry practice, symposia on specific metals, foundry 
costs, educational guides, and handbooks on Cast 
Metals, Alloy Irons, Cupola Operations, Sand Test 
Methods, Sand and Core Practice, Brass and Bronze, 
and Casting Defects. A most interesting “History of 
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the Metal Castings Industry” was also published by 
the Society a few years ago. 

Twelve major publications are now under develop- 
ment in an intensified program to disseminate up-to- 
date information. ‘This fiscal year alone, since last 
July, four major publications have been made avail- 
able which, incidentally, | consider a rather remark- 
able feat for our National Office Staff in this busy year 
of an International Congress and Exhibit. 

These new four books include; the excellent Founp- 
rY Work, a foundry textbook at the high school level, 
by Edwin Doe, wh. now is on a special foundry edu- 
cational mission in South America for our Govern- 
ment. Next came the newest (sixth) edition of the 
FouNnpry SAND HANpBOOK, a complete revision and 
enlargement, The latest two are: “Copper-Base Alloys 
Foundry Practices” and a most informative SyMposiuM 
ON PRINCIPLES OF GATING. 

In addition to the high school foundry text book, 
the Society is committed to the publication of two 
more for teaching purposes, one at the college level, 
and one at the apprentice level. 

These textbooks are only one phase of the Society’s 
educational work. Actually, all A.F.S. activities are of 
educational nature. The National Apprentice Con- 
tests, held annually since 1924, are familiar to many. 
A.F.S. is a charter sponsor of the Foundry Educational! 
Foundation, which has been remarkably successful in 
promoting better foundry instruction at engineering 
schools and colleges. ‘The Foundation’s work, under 
the able direction of George K. Dreher, has been cited 
more than once as an example of splendid cooperation 
between an industry and higher education. 

The Society’s own educational activities are mainly 
at the secondary school level, and necessarily devel- 
oped through its local Chapters. Many Chapters are 
carrying on education courses for foundry workers, 
and are engaged in intensive programs at local school 
levels, so as to encourage young men to enter foundry 
werk. 

The Chapter Regional Conferences held at engi- 
neering schools are a part of this educational work, as 
are also the Society’s 13 student chapters. The member 
dues of all students in Student Chapters are refunded 
to the schools. Through cooperation between A.F.S. 
and the Foundry Educational Foundation, we have ar- 
ranged for Student Delegates to attend the Interna- 
tional Foundry Congress from a number of engineet 
ing schools. 

Chapter Educational Activities Vital 


Not all Chapters have seen the opportunity for 
carrying on local educational programs. Even if on a 
small scale, and on a personal-interest basis, much can 
be done to encourage young men to enter the found- 
ries. We need them, and foundry management should 
take an active interest in this Chapter work. 

Besides being book publishers, A.F.S. is a magazine 
publisher on a growing scale. AMERICAN FOUNDRYMAN 
was established in 1938, and only since 1945 in its 
present size. In seven years it has been made an 
authoritative source of information on castings prac- 
tices, operations and methods. Its value to the mem- 
bership has been constantly increased through edi- 
torial improvement and growing editorial content. 
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Perhaps we may be pardoned for calling it “The 
FOUNDRYMEN’S OWN Magazine.” 

In praising ourselves, we can well afford a word of 
praise for Foundry magazine, so well known to so 
many foundrymen. Considering the size and import- 
ance of this industry of ours, I firmly believe there is 
room—and need——for both Foundry and AMERICAN 
FOUNDRYMAN .. . and I have a strong feeling that a 
more enlightened realization of the value of both 
periodicals is now at hand—if not past due. If we, as 
American businessmen, believe in the spirit of com- 
petition, then let us apply it first at home. 

Today the American Foundrymen’s Society has close 
to 10,000 members in 33 countries of the world, with 
54 organized local Chapters. With such an operation, 
it is not possible to direct all activities from one cen- 
tral point—-nor do we try. The major responsibility 
for our success lies in the hands of our Chapters, 
where 95 per cent of the entire membership resides. 

How well are we doing our job? For the most part, 
very creditably. Frequent technical meetings, Re- 
gional Conferences, educational courses, exhibits of 
public interest, various training programs, and cooper- 
ation with local schools—all are encouraged by the 
Society. Each year A.F.S. brings to Chicago—at an 
annual expense of $10,000—two officers from each 
regular Chapter for a 2-day conference and discussion 
of Chapter operations. These conferences have mate- 
rially raised the level of Chapter operations. 

Yet we still have many rough spots, and here are a 
few capable of correction if we but try. First, foundry 
management does not encourage its men to take an 
active part in Chapter activities and so better them- 
selves as employees. Second, a few Chapters, usually 
dominated by small groups, are inclined to operate 
more as “clubs” than as Chapters of a major technical 
society. Third, in some Chapters the programs are too 
technical and in some too commercial to attract maxi- 
mum attendance. 


Interest of Top Management Necessary 

lhe solution to these ills is both obvious and avail- 
able . . . greater interest on the part of foundry top 
management, since management largely pays the bill. 
The Chapters are powerful tools for the good of your 
plants, but tools, like men, dull from lack of use, 

The Board of Directors of your Society are, I assure 
you, the reai directive force they should be. They 
have assumed their obligations, and practically every 
Director spends much time in visiting and inspecting 
Chapters and keeping in touch with Society develop- 
ments. The Board members are constantly proposing 
new ideas or improvements, counseling with Chapters 
and Committees, and doing a splendid job. No Presi- 
dent could ask for greater cooperation than that given 
me this past year, and I want to express my personal 
thanks for their loyal, active support. 

We do need, however, better rules for the guidance 
of Board decisions, as Past-President E. W. Horlebein 
pointed out several years ago. Thanks to his insistence, 
steps have been taken toward setting up definite Board 
policies, and this work now should be strongly for- 
warded. 

The work has had two important setbacks to date: 
the program to establish a permanent A.F.S. Head- 
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quarters building, and the new S:tety, Hygiene, and 
\ir Pollution project. 

In May, 1950 the Building program was announced, 
with the object of raising $100,000 by voluntary sub- 
scription of the industry. To date, in a remarkable 
demonstration of confidence and esteem, a fund of 
over $142,000 has been raised. After much discussion, 
it has been decided to build an entirely new, modern 
building of about 9,060 square feet area, in one of the 
suburbs of Chicago. When the required land is pur- 
chased, specifications will be drawn and contractor 
bids obtained. 

Meanwhile, we have undertaken another very im- 
portant activity—the Safety, Hygiene, and Air Pollu- 
tion Program—out of the need of the industry to set 
its own engineering standards of plant conditions, 
both internal and external. ‘This project is backed by 
the National Castings Council, comprising all the 
major foundry associations in this country, and a fund 
of $350,000 is being raised for a minimum 10-year pro- 
gram. The work is already under way, and substantial 
funds are now coming in through voluntary contribu- 
tions. 


A.F.S. Safety, Hygiene and Air Pollution Program 


The announced basis of subscriptions to the Safety, 
Hygiene, and Air Pollution Fund was calculated to 
make it possible for all foundries, large or small, to 
have a stake in the program, yet to be burdensome to 
none. We believe the basis is fundamentally sound. 
It is a program for all foundries—and all foundries 
should support it, for their own interest if nothing 
more. The simple fact back of the activity is this: 
Will we do wie job or do we want Government or 
Labor to do it for us—and tell us to get in line, or 
else? If you believe, as strongly as I do, that it is time 
to call a halt to government “‘benevolence”’ and inter- 
ference, with its logical train of consequences, control 
and seizure. Make arrangements to support the Safety, 
Hygiene, and Air Pollution Program. 

I must, however, in all fairness, thank the members 
of the National Castings Council for the splendid 
original impetus given this vital activity. Voluntarily, 
they have urged the support of their memberships and 
interests. In such an undertaking, with the unanimous 
support of every representative group in the industry, 
it is not conceivable that this program will be allowed 
to lag. 

Speaking of the foundry trade associations, it is my 
privilege to report, as I see it, that the relations be- 
tween these groups and A.F.S. is better today than at 
any previous time in my experience. 

There exists a fine spirit of friendliness and coopera- 
tion, and a much better understanding of our respec- 
tive functions. Thus you find considerable recognition 
of the trade associations and their accepted im- 
portance. 

I would be remiss if I did not also recognize here 
the part being played by the Exhibitors at the great 
International Congress, and particularly those exhib- 
itors who are members of the Foundry Equipment 
Manufacturers Association and the Foundry Facings 
Manufacturers Association. In my estimation this was 
the greatest Foundry Show ever staged in conjunction 
with an A.F.S. Convention. 
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And finally, I should like to express to every mem- 
ber of our National Office Staff my congratulations for 
a splendid job in organizing this huge International 
Congress. Few of those attending this Congress had 
any conception of what a gigantic undertaking it was. 
For a Staff which usually is extremely busy, to take on 
a job of this size and carry it through with practically 
no additional help, I can only say in all sincerity, 
“Well done.” To our Secretary, W. W. Maloney, our 
Technical Director, S$. C. Massari, H. F. Scobie, Editor 
of AMERICAN FouNpRYMAN, and T. B. Koeller, Adver- 
tising Manager, to all the Staff members, our sincere 
thanks and congratulations. 


A.F.S. Sources of Income 


A.F.S. today is operated on business lines and living 
within its means, with four major sources of income: 
Membership Dues, 40 per cent of total income; AMER- 
ICAN FOUNDRYMAN, 30 per cent; Convention and Ex- 
hibits, 20 per cent; Publications, 6 per cent; Miscel- 
laneous, 4 per cent. The Board is endeavoring—as yet 
not accomplished—to build up a Reserve equal to an 
average year’s expenditures, and until this is done, we 
cannot undertake needed additional activities without 
special financing. Thus, the raising of funds for the 
Safety, Hygiene, and Air Pollution program and the 
Building project. 

A Society, like a business, either progresses or loses 
ground ... it cannot stand still. No matter what our 
finances may be, we can always expect to have more 
activities urged upon us than we can adequately sup- 
port or care for. 

As an organization like this grows, and its activities 
continue to expand, there must necessarily be evolved 
some rules of conduct and procedure. Only by the 
adoption and guarding of certain standards and prin- 
ciples can A.F.S. maintain its reputation for integrity, 
and these basic principles are as follows: 

First, A.F.S. must rely upon the faith and good will 
of many men, and solicit their active interest. 

Second, its integrity must be constant, unimpeach- 
able and proof against any pressure. 

Third, it must condition the field it serves to con- 
sider and to embrace every potential means of prog- 
ress. 

Fourth, it must advocate nothing but analyze all, 
selecting for dissemination only that which meets 
accepted high standards. 

Lastly, it must be prepared to lend its sponsorship 
to activities which, while outside its own sphere, de- 
serve industry-wide acceptance, 

These guiding principles govern the actions of your 
Board of Directors, the Committees and the Chapters. 
Especially must they guide the conduct of the Chap- 
ters, since the Chapters include 95 per cent of the total 
membership, and since each Chapter represents the 
technical interests of the foundries in its area. 

It has been rightly said that “A.F.S. is a forum, not 
a platform,” and by the same token the A.F.S. Chap- 
ters are not merely social clubs but the life blood of 
an International Technical Society whose work is im- 
partial, unbiased and author'tative. 

Many have labored to make this true. There exists 
a personal obligation on al! of us . . . to keep it so. 


> 








REPORT OF THE TREASURER 


(Fiscal Year Ended June 30, 1952) 


On Jury 18, following completion of the Annual Audit by 
George V. Rountree & Co., Certified Public Accountants, Chi- 
cago, the Treasurer forwarded to members of the Board com- 
plete financial data as follows: 

(1) Auditor's Report as of June 30, 1952. 

(2) Consolidated Statement of Income and Expense for 1949- 

50, 1950-51, and 1951-52. 
(3) Proposed Income and Expense Budgets (included in the 
above Consolidated Statement) for fiscal year 1952-53. 

The financial statements for 1951-52 reported the following: 
Income, $734,778.50 against the Budget of $657,400; Expense 
$552,165.44 against the Budget of $531,050. Thus, while we 
budgeted $126,350 Excess Income over Expense for the fiscal year 
ended June 30, the actual Excess Income totaled $182,613.06, or 
44.5% more Excess Income than was budgeted. 

Total Income of $734,778, and Excess Income of $182,613, both 
were greater than for any previous 12-month period in the his- 
tory of the Society. 


income and Expense 


The Auditor’s Operational Statement shows that in an exhibit 
year only three major A.F.S. activities can be expected to show 
a net Income... in a non-exhibit year, only two. 


Per Cent of Income from A.F.S. Activities 
Two Years 








1950-51 1951-52 1950-52 
Membership Dues 53.8% 29.5% 37.6% 
AMERICAN FOUNDRYMAN 35.4 25.9 29.2 
Convention & Exhibits 1.6 38.4 25.8 
Publicaticns 8.3 5.2 6.3 
Miscellaneous 1.4 1.0 1.1 

100.0% 100.0% 100.0% 


A comparison of Income and Expense per member in the past 
two exhibit years may be of interest, as follows: 





1949-50 1951-52 

Total M/S on June 30 ........ 9,06 10,033 
a $578,785. $734,778. 
Income per Member ....... $63.98 $73.24 
EE MIE 3 vcowanacececns $458,312. $552,165. 
Expense per Member ....... $50.66 $55.03 


The above may be compared with Income and Expense pei 
member in non-exhibit years, as follows: 





1948-49 1950-51 
Income per Member ........... $32.90 $41.00 
Expense per Member .......... $39.90 $46.20 


Thus both Income and Expense per member have increased 
in the past two exhibit years; whereas Expense per member has 
increased $4.37, Income per member has increased $9.26. 

The Auditor’s statement shows an increase of 5 Sustaining 
and 40 Company members in 1951-52; 283 Personal Members 
($20), 467 Affiliate, 14 Associate and 10 Student and Apprentice 

. total 819. The increase of 45 Company and Sustaining 
members, admittedly with no Chapter effort and little concen- 
trated effort by the National Office, convinces us that much can 
be done here. 

Income By Activities 

During the past two years the statement has been made that 
the Income of the Society is derived from several activities in the 
following relative importance over a two-year period: Member- 
ship Dues, 40 per cent; AMERICAN FOUNDRYMAN advertising, 30 
per cent; Convention and Exhibit revenues, 20 per cent; Publi- 
cations, 6 per cent; Miscellaneous, 4 per cent. 

We have made a new compilation of Income sources during 
the two fiscal years 1950-51 and 1951-52 which bear out the above 
statement as to the relative Income-producing importance of 
our activities, with some variations in the percentages previously 
discussed. For these two years the percentages are as follows: 





*Membership Dues 37.6% 
* AMERICAN FOUNDRYMAN 29.2 
Conventions and Exhibit 25.8 
Publications 6.3 
Miscellaneous 1.1 
100.0% 
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Balance Sheet 


The financial position of the Society on June 50, 1952 was 
some $215,964 better than on June 30, 1951, or an increase of 
53 per cent. If we eliminate an increase of $33,349 total in the 
fund principals of the Building, Awards and Safety & Hygiene 
funds, the increase in General Fund Principal becomes $182,615 
on June 30 this year. 

A comparative Condensed Balance Sheet for the past four 
vears is included with this report, which statement shows a 
total of cash and investments as follows: 


Cash Investments Total 

June 30, 1952 $297 ,608 $330,600 $628,208 
4 ” 1951 103,913 308,805 412,718 
1950 229 497 118,805 348,302 

1949 85,785 133,805 219,590 

1948 106,394 178,805 285,199 


The increase in investments from $308,805 a year ago to 
$330,600 is due to an additional $35,000 in U. S. Government se- 
curities purchased on behalf of the Building Fund from surplus 
cash therein. 

In observing the Comparative Condensed Balance Sheet state- 
ment, it should be pointed out that Accounts Receivable totals 
for 1951-52 are not comparable with the previous two years, 
because the figures for the past two years include pledges receiv- 
able to the Building Fund ($16,192) and to the Safety & Hygiene 
Fund $ (12,747). 

It will be noted that Inventories increased some $5,000 during 
the past year, due to the publication of several new books. 
Little change is noted in either the Deferred and Prepaid items, 
or in Furniture and Fixtures. 

On the Liabilities side, it will be noted that Current Liabili- 
ties total less than $14,000, a good condition. The Reserve set up 
in 1951 for Canadian Bank Exchange losses has been eliminated 
this year because the Canadian dollar now is quoted at $103.65. 

The Deferred Dues Income item, $120,446, compares with 
$109,735 a year ago and is the result of dues income being on 
an accrual basis for accounting purposes. 


Fund Principals 


The four Fund Principals of the Society are analyzed in the 
Auditor’s Report, as weli as the schedule of Award Fund Prin- 
cipal and Securities. These statements show that the total of 
all Fund Principals of the Society was $622,775 on June 30, 1952, 
compared with $408,811 on June 30, 1951. 


Operational Statements 


In the Auditor’s Report, Operational Statements are shown 
for each of the major activities of the Society, and all activities 
are included in a Condensed Operational Statement. It will be 
noted that in these statements, all Salaries and Burden items 
have been allocated to the various Society activities, giving a true 
picture of all Income-producing and Expense-incurring activi- 
ties maintained today. 


Conclusion 


The Society's finances appear to be in excellent shape at the 
end of the Exhibit year 1951-52, with $236,715 in General Fund 
cash available for further investments or as operating funds be- 
tween now and the time when Exhibit Space Rental revenues 
again become obtainable in January, 1954. In other words, the 
cash balance as of July 1 must first be utilized to overcome the 
anticipated Excess Expense of the next 18 months, estimated 
between $55,000 and $70,000 for budget purposes. 

Expenses of the Society are under constant control of the 
Finance Committee and Treasurer, and all Staff members re- 
sponsible for expenditures are kept continually cost conscious, 
in keeping with the requirements of their activities. 


Respectfully submitted, 
Won. W. MALONEY, Treasurer 


(*No consideration given to membership subscriptions at $3 
per member, required under second class postal regulations.) 
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Condensed Statement of Income 
And Expense 


(All Expenses Distributed to Major Activities) 
Fiscal Year July 1, 1951-june 30, 1952 








INCOME 
Total Income 
Amount Per cent 
co reer re err e $185,493.57 25.3 
Gemernl Pebiicetioms $ «......cccccsecs 13,492.40 1.8 
SE DE oon ccccccvescececs 24,184.38 3.3 
AMERICAN FOUNDRYMAN ......... »00-- 219,836.38 30.0 
Convention and Exhibit .............. 283,052.00 38.6 
Income from Investments ............ 5,545.01 0.8 
Miscellaneous Income ................ 1,344.30 0.2 
po $732,948.04 100.0 
piouy SS >. eee $550,334.98 
Excess Income over Expense ...... $182,613.06 
EXPENSE 
Total Expense 
Amount Per cent 
Mcmmbbersitip Service .. ..660scccccevere $ 26,407.29 4.8 
EERE SEERA OS RR ee nea eR eee 25,014.68 4.5 
Other Technical Activities ............ 24,026.93 4.4 
Cee PINS noc on cic cc ccesees 31,738.61 5.8 
Special PUBMCMIOME ......22.00ccccse 29,537.94 5.4 
AMERICAN FOUNDRYMAN .........000..- 188,655.28 34.3 
Chmpter Operations ......0...0000000000% 68,325.92 12.4 
Convention and Exhibit .............. 100,331.72 18.2 
General Administration ............... 40,945.90 74 
Retirement Plan Expense ............. 15,350.71 2.8 
,. + Ap > | AR $550,334.98 100.0 





Comparative Condensed Balance Sheets 


As of June, 1949 to June, 1952, inclusive (4 years) 





ASSETS 


a ae 
Investment Securities .... 
Inventories ..... pinmewae% 
Accounts Receivable ..... 
Deferred & Prepaid Items 
Furniture & Fixtures (net) 


TAPER se sccsccenes 


LIABILITIES 
Current Liabilities ....... 
Deferred Income ........ 
Reserve for Exchange .... 
Fund Principals ......... 


PPE cccrveccesvs 


Note: All Awards, Building and Safety & Hygiene funds included. 


June 30, 1949 


$ 85,785.57 
133,805.60 
35,567.65 
4,405.03 
19,533.00 
9,791.42 


$288,908.27 


17,760.49 
71,217.06 


199,930.72 
$288,908.27 


June 30, 1950 
$229,497.13 
118,805.60 
35,354.99 
22,011.00 
31,530.03 
16,451.18 


$453,649.93 


24,867.45 
108,081.29 


320,701.19 
~ $453,649.93 


June 30, 1951 


$103,913.45 
308,805.60 

. -27,817.59 
49,975.99 
31,258.11 
15,858.16 


$537,628.00 


19,736.66 
109,735.45 
1,344.30 
406,811.59 


$537,628.00 


June 30, 1952 


$297,608.34 
330,600.00 
$2,470.00 
46,376.91 
34,378.06 
15,559.74 


~ $756,993.05 


13,771.93 
120,446.02 


622,775.10 


~ $756,993.05 

















REPORT OF THE SECRETARY 


(Fiscal Year Ended June 30, 1952) 


This report sums up eight major activities of the Society, with 
some comments on problems affecting several. The report is 
confined largely to non-financial matters and to general admin- 
istrative matters. Financial and technical activities are discussed 
in separate reports of the Treasurer and Technical Director. 


1. Membership 


During the past year, A.F.S. membership reached a total of 
10,033, a net gain of 827 or approximately 8.9 per cent over the 
total of 9,340 on June 30, 1951. The budget estimate was for 
10,000 members, and the results bear out the prediction of a 
year ago that the trend is definitely upward. 

The gain in membership occurred in all classes: Sustaining 
up 5, Company up 40, Personal up 283, Affiliate up 467, Associate 
up 14, Student and Apprentice up 10. This too reversed the 
trend of the previous year, when 11 Sustaining and 18 Company 
members were lost. Most encouraging is the increase of 283 in 
Personal memberships, for this class provides the nucleus for in- 
creased Company memberships 

A compilation of membership gains and losses over the past 
five years is shown below: 


1947- 1948- 1949- 1950- 1951- 

48 49 50 51 5&2 
Members Gained (al! Classes) 1,979 1,755 1,787 2,316 2,876 
Members Lost (all causes) 1,259 2,095 2,804 2,022 2,049 
Net Gain (or Loss) 720 (340) (1,017) 294 827 
Avge. Gain (Loss) per Month 60 (28.3) (84.7) 245 68.9 
Total as of June 30 10,403 10,063 9,046 9,340 10,033 
Rate of Turnover 12.1% 20.8% 31.0% 21.6% 20.4% 


From the above it should be noted that the rate of turnover 
during 1951-52 was the lowest in 4 years, that the total member- 
ship gain was the largest in 5 years, and that the net gain was 
the best in 5 years. It should also be stated that the total of 
2049 members lost in 1951-52 was 60% more than the total lost 
in 1947-48, a year which showed a net gain of 720. Thus the 
problem still remains, as has been pointed up sharply over the 
past four years, to hold our present membership. 

The increased membership during the past year may be at- 
tributed to several factors: Concentration on membership in 
discussions between the Directors and the Chapters, greater 
interest in the Society as a result of the International Congress, 
and urging of membership “targets” by the National Office. 

In connection with membership targets, the Chapters seem to 
like the idea for it gives them something definite to shoot at in 
their membership work without the adverse effects of a full- 
fledged “campaign.” While we should continue the target idea, 
we suggest that the Directors during 1952-53 avoid urging mem- 
bership work as a high-pressure campaign. 

During the past year, 18 Chapters made their membership 
targets as of june 30, against only 8 the previous year. Onc 
Chapter (Northern California) which made its target on May 
31, dropped below on June 30; two Chapters (Birmingham and 
Eastern New York) which failed to make it on May 31, did: so 
by June 30. We believe that all Chapters who made it on May 
31 or June 30 should be awarded the Membership Certific: 

Targets are considered as totals only and are not basea 
classes of membership. We endeavored once to target classes as 
well as totals, but this proved ineffective. At least three Chap- 
ters might easily have made their targets with a little extra 
work, and 7 Chapters actually lost members (totaling 81) dur- 
ing the year. These 7 Chapters are: Central Ohio, Mo-Kan, 
Ontario, Rochester, Saginaw Valley, Timberline and Western 
New York. 

We must continue to seek greater horizontal membership cov- 
erage among the foundry plants, since membership is circulation 
for AMERICAN FOUNDRYMAN and a high turnover of circulation is 
not desirable from the magazine standpoint. The following 
recommendations are offered for 1952-53: 

(1) We suggest that the Chapter Contacts Committee con- 
tinue to concentrate on membership work in Chapter visits, not 
merely to add more members, but on the sound principle that 
A.F.S, can best serve the industry in proportion to the number 
of foundrymen exposed to information on better methods. 

(2) We believe that greater effort can and should be made 
toward the conversion of Personal to Company membership and 
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from Company to Sustaining membership. At the recent Chap- 
ter Officers Conference, only one or two Chapters stated that 
their membership work included any conversion activities. We 
believe this can be done, as shown by the increase of 40 Com- 
pany and 5 Sustaining members during the past year. 

(3) We intend to renew membership targets during the com- 
ing year with a goal of 11,000 for June 30, 1953, without any 
new Chapters, or 11,500 if several of the present new Chapter 
possibilities are realized. 

A few membership points should be mentioned here for in- 
formation purposes: (1) The pro-rationing of membership dues 
in the Chapters continues. (2) Members who enter military 
service are carried on the rolls without loss of membership and 
without further payment of dues. (3) Student members who 
graduate are carried at the Student rate until their dues become 
renewable, even though they enter employment. (4) Some com- 
plaints on processing time, some of which were justified and 
some due to slow Chapter approvals, have come to us during 
the past year, and we intend to concentrate on this point. 

Since 1948 A.F.S. has maintained three Canadian bank ac- 
ccunts, established when the Canadian dollar was discounted at 
10 per cent below the U. S. dollar. Now, however, the Canadian 
dollar is worth more than the American dollar, and we therefore 
intend to recommend to the new Board tomorrow that the Cana- 
dian bank accounts be discontinued as no longer serving a purpose, 


2. Chapters 


One new regular Chapter (Corn Belt at Omaha, Neb.) and 
two new Student Chapters (University of Michigan a‘:d Brook- 
lyn Polytechnic Institute) were established during 1951-52. A 
number of other Chapter possibilities developed or continued 
to show interest during the year. 

While it continues to be our policy not to create Chapters, 
but to encourage and cooperate with new Chapter movements, 
last December the Board agreed to officially invite foundry 
groups to consider Chapter status where the prospects indicate 
that such an invitation might be desirable. Four such invita- 
tions were issued during 1951-52: to the New England Foundry- 
men’s Association, the Lehigh Valley Foundrymen’s Association, 
the Conestoga Foundrymen’s Group, and the Reading Foundry- 
men’s Association. No encouraging response has been received 
to date from any of the four groups so invited. 

We are now in correspondence with two other groups inter- 
ested in Chapter status, one at Memphis, Tenn., and one at 
Norfolk, Va. Memphis now is in non-Chapter territory and the 
movement has not yet developed with sufficient strength to war- 
rant a prediction. ‘The Virginia group, termed the “Tidewater” 
group, is being encouraged by the Chesapeake Chapter, and 
correspondence during the past week indicates that they may 
want to go this fall. In addition a foundry group in Alberta is 
interested in forming a section of the British Columbia Chapter, 
and a very active group in East Texas has formed a section of 
the Texas Chapter. 

During the past year, President Seelbach attended four of the 
seven Regional Conferences held, and Vice-President Wagner 
three. The Vice-President also visited the three Northwest Chap- 
ters with the Secretary, in October. Compilation of Chapter 
visits (according to our information) by Officers, Directors and 
Staff shows the following: President 11, Vice-President 15, Sec- 
retary 19, Vice-President-elect 1, Technical Director 10, Editor 
i2, Safety & Hygiene Director 4, and the Directors visited 49 
Chapters at least once. 

The Chapter Contacts bulletin, “Off-The-Record,” was pub- 
lished six times during the year in an effort to keep the Chapter 
Officers and Directors posted on various matters. In addition, a 
minimum of three membership bulletins were mailed to the 
Chapters every month: New Members Report, Monthly Mem- 
bership Statement, and Statement of Membership Targets. 

The 9th Annual Chapter Officers Conference was held at the 
Sherman Hotel, Chicago, June 12-13, with a total attendance of 
107, including 82 Chapter delegates. All 41 Chapters were rep- 
resented, including the new Corn Belt Chapter, all but 7 with at 
least two delegates and 5 with 3 delegates. The total included 
37 Chairmen, 36 Vice-Chairmen-Program Chairmen, 2 Secretary- 
‘Treasurers, 3 Secretaries and 1 Treasurer. Chairman I. R. Wag- 
ner presided and 11 National Officers and Directcrs were present, 
less than attended the 1951 Conference, probably due to the 
early date following the Congress. 
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During the year 7 Regional Conferences were held by the 
Chapters at East Lansing, Mich.; Vancouver, B. C.; Purdue Uni- 
versity; Davenport, Iowa; Houston, Texas; Milwaukee, Wis.; and 
Birmingham, Ala.; and a “Sub-Regional” Conference at Three 
Rivers, Que. The Birmingham Conference now is sponsored 
jointly with the Tennessee Chapter; the Texas Conference in 
1952 will be jointly sponsored with the Tri-State Chapter, and 
ihe Michigan Conference hereafter will alternate between Ann 
Arbor and East Lansing. 
~ Last year the Board expressed the feeling that the National 
Office should participate more actively in the organization and 
operation of Regional Conferences, in the interests of improved 
programs and operations. To date, with the exception of pro- 
gram assistance during the Chapter Officers Conference, this has 
not proved feasible. 


3. Convention 


A total of 13,303 attended the International Foundry Con- 
gress & Show and the 56th Annual Convention of A.F.S. in At- 
lantic City, May 17, The total included 4274 members, 3360 
guests, 3282 exhi. or representatives, 275 International guests, 
1442 “Internationa: Day” guests, and 670 registered ladies. Regis- 
tration fees of $2.00 for Members and $5.00 for Non-Members 
were charged and seem to have been accepted with few com- 
plaints, except from those who did not read our bulletins. 

The housing of visitors was exceptionally easy this year, with 
few complaints. There were some complaints of high hotel and 
meal charges, and many plants sent less men than usual, al- 
though more foundry management attended with their ladies, 
as expected. We had splendid cooperation from the Atlantic 
City Convention Bureau (Messrs. Al Skean and Wayne Stetson), 
from the Convention Hall, and from the service organizations. 

The Exhibit proved a sellout, with 243 paid exhibitors using 
83,760 sq. ft,, the largest Exhibit since the 100,700 sq. ft. in 1946. 
There were few complaints on excessive charges to exhibitors, 
there was no labor trouble of any kind, and the entire Exhibit 
was smoothly handled by Al Hilbron and his floor managers. A 
total of 68 technical sessions, 30 Committee meetings, and 25 
other events were staged during the Congress week. 

The International Banquet established several innovations, in- 
cluding an attendance of 1!75. The program prove to be too 
long, although practically everyone stayed to the end. Although 
warned in advance, we observed no difficulty in the matter of 
wine service, and we did notice that most of the objectors were 
enjoying the service. The Banquet proved to be a highlight of 
the Congress. 

Last year we predicted that we might expect 100 foundrymen 
from abroad at the International Congress. Actually the total 
was closer to 275 from 31 different countries. A.F.S. arranged 
two Study Tours in advance of the Congress and a total of 148 
took advantage of these tours. The Mutual Security Agency of 
the Government provided expenses for 113 delegates in the 
United States, each delegate being required to pay his own way 
to the United States, and 35 other delegates participated as a 
Thos. Cook & Son party. A total of 145 plants were provided on 
the Study Tours due to the cooperation of our Chapters in 
Buffalo, Cleveland, Detroit, Chicago, Cincinnati, Philadelphia 
and New York, and the Pittsburgh Foundrymen’s Association. 

Promotional effort for attendance inclvded talks before the 
Chapters by Directors and the Staff, posters for Chapter display, 
posters for display by Company and Sustaining members, 75,000 
folders distributed free to exhibitors, advertisements in “Iron 
Age” and “The Foundry,” slogan cuts for exhibitor ads, special 
\.F.S. letterheads, and bulletins or articles in AMERICAN Founb- 
RYMAN and “Off-The-Record.” A registered attendance list is 
available. 

The results of the International Foundry Congress may be 
summed up from two communications received and one post- 
Congress event. On June 6 the Committee of Exhibitors met 
and unanimously expressed the opinion that, while they had 
been against Atlantic City to a man in 1951, they admitted that 
they had been wrong and considered the 1952 International an 
outstanding success even though they recommended not 
returning to Atlantic City more frequently than every eight or 
ten years. 

The following communication was received from the National 
Castings Council recently: 

“RESOLVED, That President Seelbach, Vice-President 
Wagner, Secretary Maloney, Technical Director Massari, 
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Convention and Exhibit Manager Hilbron and the Staff of 
the A.F.S. to be commended highly for the success of the 
1952 International Foundry Congress and Show at Atlantic 
City, with special emphasis on the general arrangements of 
the entire week's program, the splendid exhibition of 
foundry equipment and supplies, the excellent program of 
technical papers and discussions, and the fine delegation of 
overseas guests.” 

The following communication was received from MSA re- 
cently as a result of the Tours: 

“We who have benefited so greatly desire here to express 
our gratitude to the Government and people of the United 
States of America, to the officials of the Mutual Security 
Agency who have supervised our study tours, to the Ameri- 
can Foundrymen’s Society who made arrangements for our 
plant visits, and whose hospitality we enjoyed at several 
points on our tours and at Atlantic City, and to the man- 
agements and staffs of the foundries that we visited who 
gave so freely of their time and information.” 

It might also be well to examine some of the lessons learned 
from this International Congress for future guidance: 

(1) A seven-day foundry show was proved to be too long. 

(2) It doesn’t appear wise to hold the exhibits open on a 
Sunday, for it offends many. 

(3) Advance registration has definite advantages ana should 
be continued and broadened. 

(4) We need a better advance registration of exhibitor repre- 
sentatives confined to actual booth representatives, a point on 
which the Committee of Exhibitors has agreed. 

(5) We need better safety regulations as to exhibitor installa- 
tions. The Committee of Exhibitors has agreed to our proposal 
that no exhibitor be allowed to cpen until his exhibit has been 
inspected and approved by the A.F.S. Safety & Hygiene Director. 

(6) A Banquet with entertainment seems to be universally 
desired, including the presentation of awards but no featured 
speaker, the awards to be presented briefly as in 1952. The show 
could have been shorter this year, probably with a maximum of 
4 acts at a cost of about $2,000. We also believe the service of 
wines was readily and generally accepted. 

(7) We believe it was a mistake to eliminate all night sessions, 
something tried because Atlantic City is not close to any foundry 
center. 

(8) Some effort probably should be made to control the num- 
ber of sessions and papers scheduled by the A.F.S. Divisions, so 
as to give more time for personal contacts in non-exhibit years 
and to inspect exhibits in exhibit years. Aliso, we were forced 
to add additional papers this year because of exchange papers 
received, but this cuts down discussion time. 

(9) We believe that the Chapter Officers and Directors Dinner 
should definitely be eliminated in exhibit years because of too 
many counter-activities. 

(10) We believe the Student Delegate Plan inaugurated this 
year should be continued in exhibit years only, with an attend- 
ant essay contest. Someone, of course, would have to provide the 
prize money, unless A.F.S. undertook it. 

(11) The A.F.S. Booth should be located more prominently at 
future exhibits, for many did not even see it at all. 

(12) We intend to try some 8:30 am after-breakfast sessions in 
1953, since the technical sessions do not begin until 10:00 am. 

(13) Some complaints were received on the type of talk given 
at the Annual Lecture, as being outside A.F.S. activities. We 
believe the Annual Lecture needs better definition of its pur- 
pose, so that all will understand, and for the guidance of the 
Committee, which is a Committee of the Board. 


4. American Foundryman 


In 1950 when advertising representatives were first utilized, a 
three-year budget for display advertising was approved by the 
Board. During 1951-52 and for the second straight year, the 
income budget was surpassed, this time by $18,000 gross. AMERI- 
CAN FOUNDRYMAN advertising now seems well established and 
while those who set the three-year budget thought it then quite 
optimistic, the record speaks exceptionally well for efforts of Ad- 
vertising Manager Koeller and the Advertising Representatives. 

Closer contacts have been maintained with equipment and 
supplies firms, the total of 664 advertising pages in 1951-52 
being a new high, the previous high being 488 in 1950-51. Mem- 
bership is audited by the Audit Bureau of Circulations (ABC) 
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and gives the magazine a definite standing with advertisers and 
advertising agencies. Display advertising rates were increased 12 
per cent effective July 1951, the full effect of the increase not 
being felt until July 1952. 

In addition to distribution to the membership, a certain num- 
ber of copies are mailed each month to non-member foundries as 
“circulation support.” We believe that A.F.S. should continue 
“circulation support” for AMERICAN FOUNDRYMAN. 

Editorially, the magazine was completely redesigned in March 
1952 in order to give it a fully professional appearance as well as 
content. Many excellent articles are being printed, and during 
1952-53 we intend to publish in the magazine the best of the 
1952 Convention papers. 

Certain policies covering AMERICAN FOUNDRYMAN may well be 
repeated here as a refresher and to assist the new Directors: 

Advertising is sold only on its merits, and no pressure of any 
kind is exercised under penalty of discrimination in other activi- 
ties. 

No attempt is made to claim greater readership than is known 
and verifiable. 

No special rates or rebates are permitted. 

Arrangement of editorial content is primarily for reader con- 
venience. 

Editorials are prepared by men of industry, not by the Staff 
alone. 

A.F.S. does not pay for any article published. 

Articles are not published merely to please advertisers and 
gain advertising. 


5. Technical Activities 


The Technical Director’s report will fully cover these activi- 
ties, although a few general comments are called for. 

We now have a full-time Staff man on the Safety, Hygiene, and 
Air Pollution Program. K. M. Morse joined the Staff on August 
1, 1951, as the Program Director, but left unexpectedly on March 
1 to go with the U. S. Steel Corporation. As of May 1, W. N. 
Davis is now Program Director, formerly Senior Engineer for the 
National Safety Council. 

Contributions to the Safety, Hygiene, and Air Pollution Pro- 
gram have not as yet come in strongly. The Staff was prepared 
in December 1951 to initiate vigorous solicitation, but the Na- 
tional Castings Council requested and was given the first oppor- 
tunity to urge support by their respective members. The result 
to date is $42,000 contributed, which is a good response, but by 
no means sufficient to finance the Program with assurance. 

When the original impetus of the NCC effort died down, the 
A.F.S. Staff was too occupied with the International Congress to 
resume it. We now are placing Safety & Hygiene solicitation 
first on the list of important jobs in 1952-53. First on the list to 
be solicited will be those who recommended the Program in 
December 1949 and the members of the Program Steering Com- 
mittee. It would also be most helpful if the A.F.S. Directors 
would also indicate the support of their companies. 


6. Publications 


Technical publications will be covered in the report on the 
Technical Director. 

Last year we pointed out that the manuscripts for 10 or 12 
important publications had been delayed some time and stated, 
“Should a considerable number of these publications be com- 
pleted during the 2 years, 1951-53, a real problem would be 
created as to the ability of the present staff to get them all pub- 
lished within a reasonable period of time.” This has happened, 
and the manuscripts for the following publications were fully 
completed in 1951-52 or are nearly complete now: Foundry 
Work—pub. Nov. 1951; Sand Handbook—pub. Jan.; Symposium 
on Gating—pub. June; Copper-Base Alloys—pub. June; Pattern- 
making Manual—manuscript complete; Sympcsium on Quality 
Control—manuscript complete; Glossary of Foundry Terms— 
manuscript complete; 10-Yr Index to Transactions 1941-51—in 


process, 
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In addition, and in lieu of author delays, other publications 
have been in process and these also are coming due in 1952-53, 
as now planned: Dust Control Manual, Symposia on Safety, 
Hygiene, and Air Pollution, Symposium on Molding Methods. 
The College Foundry Textbook, it now appears, at long last is 
due this fall after a lapse of time due to changing authors. 

The accomplishment of producing 7 new publications in 1951- 
52, in spite of International Congress pressure, we believe de- 
serves mention. 


7. Building Project 


Great effort has been spent during the past year to find a 
proper site for the Permanent Headquarters Building, culminat- 
ing in selection of a property in DesPlaines, IIl., last January. 
Application for rezoning the property for our purposes was sub- 
mitted on January 11 and after four of the five necessary steps 
that must be taken on a petition for rezoning, the DesPlaines 
City Council turned down the petition on May 5 by a five to 
four vote. Since then we have examined a number of sites in 
suburbs near Chicago, the best available of which appears to be 
quite a distance from the city. We are seeking a one year’s ex- 
tension on our lease in anticipation of building delays. 

The DesPlaines project was revived in June when the owner 
of the property we desired threatened a mandamus suit against 
the city to force rezoning for commercial purposes. Although 
we questioned that the interests of the citizens residing in the 
vicinity were best served by permitting a court judgment to 
decide what sort of building may be erected on the site in ques- 
tion, the DesPlaines City Council again took adverse and final 
action on our petition on July 21. We now will take prompt 
steps to seek a proper site elsewhere. It is unfortunate but un- 
avoidable that the indecision of the DesPlaines City Council has 
held this matter in abeyance for over six months, and no further 
site will be considered involving any question of rezoning, even 
though the corollary to this decision may be the selection of a 
site less desirably located. 


8. General Administration 


Four changes in the Executive Staff occurred during the 
year. We now have a competent new bookkeeper, E. R. May. 
W. N. Davis has replaced Kenneth M. Morse as Safety, Hygiene, 
and Air Pollution Director. C. R. McNeill was moved from the 
AMERICAN FOUNDRYMAN Staff to the Technical Dept., and H. F. 
Hardy was hired to replace him. On July 1, R. N. Sheets, Asst. 
Editor, resigned to take a position in New York. 

Six issues of the “Bulletin Board” for National Officers and 
Directors were put out during the past fiscal year in an effort 
to keep the Directors up to date on our activities. 


9. Recognition 


We desire to extend our sincere appreciation for the counsel 
and guidance of the Officers and Directors during the past year, 
and for the cooperation of our Chapters, Divisions and Commit- 
tees in achieving an outstanding year. The membership was 
brought back up to over 10,000, the previous high. The Interna- 
tional Congress was an event that brought new prestige to the 
Society. The Exhibit was a sellout and the most successful finan- 
cially to date. Advertising in AMERICAN FOUNDRYMAN is at a new 
high, both as to gross and net, and is now well accepted. Our 
list of foundry publications is the best available anywhere and 
sales were very good during the past year. As shown in the 
Treasurer's Report, gross Income reached a new high, as well as 
a new high for Excess Income over Expense. The leadership of 
President Seelbach undoubtedly has advanced A.F.S. greatly in 
recognition by the entire castings industry. 


Respectfully submitted, 


Wma. W. MALONEY 


Secretary 
































\.F.S. MEMBERSHIP wo 
Breakdown of A. F. S. Membership 
Personal Personal Student & 

Chapter Sustaining Company Personal (Affiliate) (Associate) Apprentice Honorary Total 
RII, xc qaie ass 00s 20meees 6 29 75 154 7 3 2 276 
a 0 12 17 20 4 ] 0 54 
Ce I co wre hahncwsewaba l 25 22 73 2 0 0 123 
CE ig os kc wewdhieweeies 2 10 23 119 1 5 1 161 
CE I fink cod weak b lens Base 4 33 56 139 2 y 0 243 
Citeh WERIRM 6 wn... cc ectececes l 14 41 94 6 l 0 157 
Ce BE TE 6 noes adhe oe xieans wos l 29 52 94 2 3 0 181 
CS ccc edie hwenes skbcess sah 3 22 44 79 4 0 2 154 
ES ee ee eer ree 3 24 55 50 38 l 8 179 
(EE Ba etnies ta 22 94 193 442 15 14 6 766 
ee, ee, ee eee, 13 41 85 114 10 7 3 273 
IN Sho ei, Soy Sara euote ean alls 0 5 l 35 0 0 0 41 
RS ogee Sn Ee Sah ie okiewe ll 46 126 231 15 5 12 446 
ES OS EE a ore 6 42 61 174 18 16 0 317 
EE I EE, 85 oo 6 obo bas ase enews l 13 24 61 6 3 0 108 
err ee Cree 9 63 137 142 30 13 6 400 
a ee rr er ree ee 0 7 33 19 0 2 0 61 
DT eo aie ar, ats as in eid dis 2 25 64 128 l 0 0 220 
NE Co ee re ee ee 1 6 32 8 2 l 0 50 
I Us % ks ann aera 21 74 113 333 9 12 9 57% 
Northerm Calif. ........... ae 4 19 88 93 10 2 0 216 
No. Illinois & Southern Wisconsin. 3 16 22 59 ] l l 103 
Northwestern Pennsylvania 2 21 44 109 5 J 0 182 
ES EOE ne a FE ne Pe 4 67 113 125 4 0 2 $15 
ai sh hiwiiwn tocawdumsmindiwews hs 2 8 26 75 3 0 0 114 
| Pere ree 14 49 111 131 10 2 5 322 
NE 65s sn enh toe wedew onan 5 36 56 148 4 3 2 254 
CE acid ain ed are ee Sg a el l 9 41 32 l 0 0 84 
I NE ave diasdewcnsecsacewen 5 16 25 176 l 14 2 239 
eS Ee ee l 30 110 113 7 2 0 263 
Somtinewm Celssermie «occ ceicccscccsces 3 46 133 88 14 3 0 287 
NE DERE ECT ETD PO 0 19 40 71 3 4 0 137 
Pe ics ss retin cea Am Hees 5 30 64 80 4 0 2 185 
Rr eC ee ae ee 1 5 24 19 3 0 0 52 
DRY kuvkt den daadinkhh aek’s dalcab eds 1 19 22 70 1 0 l 114 
DE nc ctawkn ines Rexweadahweuds 0 10 45 24 2 0 l 82 
IN i Dindas doedaKecn anew nenenie 5 25 61 74 7 0 1 173 
I in are ica ckh ats genmeapecewatn 0 6 35 8 10 4 l 64 
See re ee ee 3 30 38 153 4 4 1 233 
a re 0 36 81 83 3 l l 205 
Ne td co rad ate acai 16 79 105 334 12 10 3 559 

TOTAL IN REGULAR CHAPTERS ....... 182 1190 2538 4554 281 147 72 8964 
STUDENT CHAPTERS 
Massachusetts Institute of Technology — — — — 1 34 — 35 
Michigan State College ............. _ _ _ — — 29 ome 29 
Missouri School of Mines ............. _ —_ — — 3 44 — 47 
Northwestern University ....... — — — — — 12 — 12 
Ohio State Univeteity ............... ssi _— ei ‘ _— 20 — 20 
Oregon State College ................. — — — — — 22 _— 22 
Pennsylvania State College ............ — — — — oo 28 — 28 
Polytechnic Institute of Brooklyn ...... — — — — — 27 — 27 
; 8. CAR aay Sener ys Aan area a ane — _ —_ 17 — 17 
University of Alabama ............... —_ — _— _ — 23 —_ 23 
COMRVEVENEY GF TIMMONS 2 0.02 ccncccccess —_ = _ a _ 23 _— 23 
University of Michigan ............... — ~— — — — 72 — 72 
University of Minnesota (Inactive) .... — — — — — l — l 
TOTAL IN STUDENT CHAPTERS . _— — — — 4 352 — 356 
TOTAL IN ALL CHAPTERS ........... 182 1190 2538 4554 285 499 72 9320 
BT ee a a 0 23 367 10 19 10 2 431 
eee eee er err 9 69 118 50 29 2 5 282 
NS oss idee eke serena aeed 191 1282 3023 4614 333 511 79 10,033 











REPORT OF THE TECHNICAL DIRECTOR 


(Fiscal Year Ended June 30, 1952) 


This progress report covers the period beginning July 1, 1951 
and ending June 30, 1952: 


Technical Activities 


For reasons which probably are apparent, it not only becomes 
necessary in many instances, but also highly desirable in others, to 
modify the individual committee rosters so as to maintain commit- 
tees having well qualified personnel and to eliminate those who, 
from past experience, are inactive and tend to hamper profitable 
activities. It is considered highly desirable, therefore, that a new 
National Committee Personnel Roster be prepared each year, 
rather than every other year, even though Divisional Officers are 
ordinarily only elected every two years. Furthermore, examina- 
tion of the present roster makes it apparent that the Board of 
Directors, as well as the President and Vice-President changing 
each year, automatically make a roster obsolete. As a matter 
of interest, we now have 108 active technical committees. For 
the reasons enumerated, the Technical Director recommends 
that the Board of Directors authorize publication of a new roster 
again this Fall. 

It is noteworthy that the Aluminum & Magnesium Division 
has recognized the importance of Titanium as a new engineering 
material of increasing prominence. Following a vote by the 
Executive Committee of that Division, they have requested that 
the Board of Directors authorize them to include the founding of 
Titanium and its alloys as part of its authorized activities. The 
Technical Director believes this would be a logical acquisition 
and that the Division is well qualified to undertake activities in 
this field since Titanium is in the category of a light-weight, 
high-strength structural material. 

The Division also questions whether or not its name should be 
changed, in view of such additional activities. While the sugges- 
tion has merit, there are distinct advantages in changing the 
name of a Division. If it were to be changed, however, the 
Technical Director would recommend a name such as “Light 
Meta!s Division,” so as to be more inclusive. 

In view of the substantial activity in the field of Chemical 
Analysis, particularly relating to accepted and standardized pro- 
cedures by the American Society for Testing Materials, and in 
view of the apparent lack of such interest by members of the 
Foundry Industry, it has been decided to abolish the A.F.S. Gen- 
eral Interest Committee on Chemical Analysis. 


A.F.S.-Sponsored Research 


A complete and detailed report covering the present status of 
A.F.S.-sponsored research projects has been prepared and trans- 
mitted to the Research Committee of the Board of Directors, 
comprised of Messrs. Farquhar, Dietert and MacKenzie. The 
Chairman has reviewed the recommendations contained therein 
and will make some recommendations to the Board covering the 
appropriations for the coming fiscal year. The Staff is apprecia- 
tive of the interest and helpful recommendations made by the 
Research Committee and the understanding attitude of the 
Board of Directors in this important field of technical activities 
of the Society. 


1952 Convention Program 


Little need be said as to the success of the International 
Foundry Congress, based upon the wide variety of technical ses- 
sions which were scheduled and the substantial number of 
papers which were involved. Of a total of 110 papers which were 
offered, 105 were approved by the Program & Papers Committees 
for presentation, the remaining ones having been rejected and 
returned to- the authors as not conforming with the publication 
policy of the Society. Of these approved, 72 were preprinted and 
five were published in the April or pre-convention issue of 
AMERICAN FOUNDRYMAN. 

A total of 68 official functions were scheduled during the 
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International Foundry Congress, exclusive of individual commit- 
tee meetings. In excess of 4,000 requests were received from 
members of the Society for one or more preprints and if received 
before the specified deadline date, the preprints were mailed 
approximately six weeks in advance of the Congress, so as to pro- 
vide members sufficient opportunity to review the papers and 
come prepared to participate in their discussion. 

It should be noted that the number of requests for preprints 
has exceeded any previous year since 1946; likewise, the number 
of papers preprinted and made available on a gratis request 
basis, is almost twice as great. Both of these factors have con- 
tributed to unusually high costs for the production of the pre- 
prints for this year’s Annual Meeting. In an ordinary year, 
seldom more than four or five papers are received from foreign 
sources as Official Exchange Papers; this year they totalled 15. 

Preprinting of convention papers is an important service to 
the membership and should be carefully considered. However, 
it may be that this year we have over-extended ourselves in this 
particular activity and the Board may care to give consideration 
to limiting the number of papers which are preprinted so as to 
reduce the cost of this particular effort. The writer wishes to 
further emphasize that this is one of the few gratis services given 
to members of the Society and constitutes an important service 
in a technical organization such as ours. It therefore deserves 
careful evaluation before any specific policies are established. 

For the first time in a number of years, we had two important 
Safety, Hygiene and Air Pollution sessions, a valuable step in our 
progress in this field. The papers were excellent and it is our 
intention to publish them as a separate booklet as evidence of 
our initial efforts in this field. 

This is the first year in which we did not employ the services 
of professional sterotype recorders to make a record of the oral 
ciscussion following the presentation of the technical papers. 
Instead, cach of the Program & Papers Committees were asked 
to appoint a recorder to screen the discussion, make a record of 
those individuals who made worthwhile contributions, and con- 
tact them later in order to gain the substance of their remarks, 
and preferably, to have them submitted in written form. 

At this time it appears that this procedure has been sufficiently 
successful to justify its continuation for another year. Approxi- 
mately only 12 to 15 recorders reported that either the discussion 
was not of sufficient importance, or irrelevant to the subject 
matter of the papers, and the balance of the written material 
submitted by the reporters is considered acceptable, as well as 
being concise and pointed. At this time all of these reports are 
in our hands thereby materially assisting in the production of 
the Annual TRANSACTIONS, since in past years many of the 
participants did not return their edited discussiens until late 
in August. 


Safety, Hygiene and Air Pollution Program 


As most of you probably are aware, we lost the services of 
K. M. Morse on March | of this year, to take a new position 
with the United States Steel Corp. at Pittsburgh. In his place, 
through good fortune we were able to obtain the services of Wm. 
N. Davis, who formerly was associated with the National Safety 
Council, and he is actively proceeding with the technical aspects 
of the program. 

A complete report will be presented by F. W. Shipley, Chair- 
man of the Safety, Hygiene and Air Pollution Committee of the 
Board of Directors, and therefore details relating to the program 
are not enumerated in this report. 


Publications 


The Annual Transactions of the Society for 1951 (vol. 59). 
comprising approximately 600 pages, was published and shipped 
during the month of December 1951 to all who had oraered 
it on a pre-publication basis. At that time a total of 1259 
copies were shipped, consisting of 808 domestic, 152 foreign and 
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78 Mexican and Canadian, as well as 221 which were supplied 
gratis to Honorary and Sustaining Members of the Society who 
requested them. Since that time, of the total of 1500 copies pro- 
duced, additional ones have been sold at the post-publication 
price of $8.00 to members and $15.00 to non-members, leaving a 
residual stock of only 95 copies, considered essential for future 
sales. 
During the fiscal year the following publications were pro- 
duced and made available for sale: 
Non- 
Member Member 
Printing Price Price 
Cupola Research Committee Reports 1,000 $1.00 $1.50 
*Foundry Work (high school textbook) 10,000 1.76 = 1.76 
Foundry Cost Methods (reprinted in 


our office) 500 1.50 3.00 
Foundry Sand Handbook (6th Edition) 5,200 3.50 5.25 
Sympcsium on Principles of Gating 3,000 4.00 5.75 
Copper-Base Alloys Foundry Practices $3,000 3.75 5.75 


Fundamentals of Design, Construction 
and Maintenance of Exhaust Systems 


(reprinted) 600 3.00 5.00 
Permanent Mold Castings Bibliography 
(reprinted in our office) 250 1.50 3.00 
Gray [ron Research Progress Report No. 1 
(reprinted in our office) 250 1.00 2.00 
\nnual Lecture for 1952 “Industry’s 
Responsibility to Youth” 1,000 25 40 


* Published under contract with John Wiley & Sons. 


Unfortunately, it was necessary for Professor P. E. Kyle of 
Cornell University, for reasons beyond his control, to withdraw 
as the author of the College Foundry Textbook. Fortunately, 
we have been able to obtain Professors R. W. Heine and P. C. 
Rosenthal of the University of Wisconsin as joint authors of 
this text. They are energetically pursuing the preparation of the 
manuscript and it is planned that early in 1953 the manuscript 
will be available for bids by several of the prominent technical 
book publishers. 

\ considerable amount of work has been done on the Glossary 
of Foundry Terminology, but substantial additional work re- 
mains to be done, since we are completing it when time can be 
spared from more pressing activities. We recently cooperated 
with our European friends in arranging for a review of the 
giossary being prepared in French, by supplying the American 
equivalent of the French terms and transmitting same to them. 

At the present time we have in process the preparation of an 
Index to A.F.S. TRANsAcTiIoNS for the 10-year period 1941-1950, 
inclusive, already two years past due, and should be published 
some time in the next few months. 

The Patternmakers’ Manual is in the final stages of editing 
prior to obtaining bids from the printers. Unless something un- 
foreseen happens, we estimate that this book will be available 
for sale by approximately October 15. 

fhe manuscript for “Foundry Applications of Statistical 
Quality Control Techniques” has been received and will be pub- 
lished as soon as previously mentioned books are completed. 

The Committee on Gating & Risering of the Gray Iron Divi- 
sion has prepared an excellent chart containing accepted nomen- 
clature and illustrations of the various types of gates and risers 
in general usage in the Industry. Subject to final review of the 
Committee, which should be in the very near future, we will 
undertake the publication of this work as a wall chart and also 
in 6x9-in. booklet form. It will be a long needed contribution in 
hopes of achieving uniformity of nomenclature and avoid misun- 
derstanding between foundrymen. 

Although it will not be included in the recommendations of 
the Publications Committee, the Society is in pcssession of a very 
extensive “Sand Abstracts’ comprising all technical papers con- 
tained in the Annual TRANsAcTIONS of the Society up to 1950. 
These abstracts were prepared by Richard Voelz, serving under 
a Fellowship provided by the National Engineering Co. at the 
Northwestern Technological Institute of Northwestern Univer- 
sity. The manuscript has been provided at no expense to the 
Society and because of the broad nature of it and interest on 
the part of foundrymen in this common problem, namely, Sand, 
it is believed that the Board of Directors should give additional 
censideration to the authorization for publishing this work, even 
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though the Publications Committee has not acted wholly favor- 
ably nor made a final decision. 

Advance or pre-publication order forms for the Annual TRANs- 
actions of the Sodiety for 1952 (vol. 60) were sent to the entire 
xwembership about August 1. Subscriptions to TRANSACTIONS 
again are on a prepaid pre-publication basis at a price of $6.00 
to members and $15.00 to non-members of the Society, with 
giatis copies to all Sustaining and Honorary Members, on re- 
quest. Subsequent to the close of the pre-publication offer, 
September 30, 1952, members are charged $8.00 per copy and 
non-members $15.00. 

Additional publications whose production is contemplated, are 
as follows: 

Symposium on Safety & Hygiene, No. 1. 

Symposium on Safety & Hygiene, No. 2 
Dust Control Manual 
Safety & Hygiene Recommended Practices 
Symposium on Molding Methods 


Technical Inquiries 


Technical inquiries continue to be received at National Head- 
quarters and when possible, are answered promptly reflecting the 
best available information at our disposal. During the past year 
a total of 466 individual requests were received. Unfortunately, 
because we lack a well qualified librarian, these replies are often 
difficult, time consuming, and in many instances, not nearly as 
comprehensive as they would be if such additional assistance 
were available to the Technical Director. 


Apprentice Contest 


The Scciety has again sponsored its Annual Apprentice Con- 
test and for the third consecutive year the contest has included 
metal patternmaking as well as wood patternmaking, and mold- 
ing in the fields of light metals, copper base, gray iron, and 
steel. A total of 268 entries were received from 94 companies and 
lt) Chapters. This represents an increase over last year and is 
nearly equal to the maximum participation in this activity in 
the last several years. Greater participation is probably possible 
by making the Chapters more conscious of the value of active 
participation by companies in their Chapter area. 


Chapter Speakers List 


As an aid to the Chapters in preparing a good technical pro- 
gram for the year’s meetings, a new speaker list is made avail- 
able each year to all Chapter representatives who attend the 
Chapter Officers Conference, and will be sent to others whenever 
requested. Each year the revision of this list is based in large 
part upon the Speaker Evaluation Reports received from the 
Chapters during the year, so as to avoid continued listing of 
speakers who have failed to perform acceptably at Chapier Meet- 
ings. New speakers of real merit are added when the list is 
being revised each year. 

Attesting to the value of this list, it is noteworthy that only 
21 per cent of the speakers named by the Chapter representatives 
as reflecting the two best they have had at their Chapter during 
the preceding year, were not included in the official Chapter 
Speaker List, as prepared by National Headquarters. 

In addition, the Technical Director is attempting to arrange a 
series of first-class technical speakers to make presentations be 
fore several of the West Coast Chapters at some of their monthly 
meetings, as has been done for the past three years. This has 
materially aided these Chapters in obtaining good speakers on 
interesting subjects. 


A.F.S. Film Directory 


As an additional service to the Chapters we have again pre 
pared a new and completely revised list of films covering sub 
jects which may be of interest to the Chapters and which are 
known to be available. 

The A.F.S. color-sound film on “Effects of Gating Design on 
Casting Quality,” the third film resulting from research spon- 
sored by the Society at Battelle Memorial Institute under direc- 
tion of the Aluminum and Magnesium Research Committee, is 
available on a rental basis to our Chapters and any organization 
desiring it. As in the past, a rental fee of $20 is charged for each 
showing, with the exception of educational institutions. This 
film had its premier showing at the International Foundry Con- 
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gress, and requests for its loan are being received at an excellent 
rate. 

Interest in these research films has been beyond expectation, as 
evidenced by the fact that two European firms, one in Norway 
and one in Switzerland, purchased a copy of the latest film sight 
unseen, at a cost of $400 each. 

It is interesting to note that money expended for the produc- 
tion of the second film has been completely recovered through 
rentals received from loans. 


Other Technical Activities 


Close liaison with other technical societies continues, the Tech- 
nical Director holding memberships in the following: 

American Society of Mechanical Engineers 

American Society for Metals 

American Institute of Mining & Metallurgical Engineers 

American Ordnance Association 
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American Society for Testing Materials 

Society of Automotive Engineers 

Society for Non-Destructive Testing 

Society for Advancement of Engineering Education 

At the Annual Meeting of the American Society of Mechanical 
Engineers, the Technical Director was again elected Chairman of 
the Metals Engineering Division for the coming year, and also 
has continued as a member of the Professional Divisions Com- 
mittee of ASME. 

In closing, the writer wishes to express appreciation to the 
Board of Directors for their cooperation and understanding atti- 
tude in assisting to make our technical activities successful dur- 
ing the past fiscal year. 


Respectfully submitted, 
S. C. MAsSARI 
Technical Director 





5-Year Comparative Membership Report 
As of June 30, 1948-52, Inclusive 





June 30, 1948 


June 30, 1949 


June 30, 1950 June 30, 1951 June 30, 1952 





INN 6a oo sn.y5:0 Sas as aad onsen 199 
er er eee TT 1,525 
NS PEO CTD ROO TEPER 7,860 
Student & Apprentice Members............. 307 
ree 63 
International Members..................... 449 

ida alae aidieinik dip inlet. pss naan ares 10,403 
New Members, 12 Months.................. 1,979 
SEI OIE CTT CT TTT OO ETE 286 
Delinquent Dropped... ...........20000ce000% je 948 
A IN 5g nso 5ticcesoeinw np.s mace asinu 25 
Piet Gate Glaee Gem TORE. «nso ccaescccces 720 


Members in Chapters. «.....04.6..)..00)..05: 9,519 


221 197 186 191 
1,380 1,229 1,218 1,259 
7,508 6,571 6,836 7,574 
430 550 499 501 
69 75 71 79 
455 424 396 429 
10,063 9,046 9,206 10,033 
1.755 1,787 2,316 1,850 
303 484 319 193 
1,759 2,286 1,807 813 
33 34 32 17 
(340) (1,017) 158 827 
9,253 8,306 8,534 9,320 














Special Meeting 1951-52 Board of Directors 
The Homestead, Hot Springs, Va.—Thursday, July 26, 1951 


1) ROLL CALL: 
President Walter L. Seelbach, presiding 
Vice-President I. R. Wagner 


Present: 

Directors: 

(Terms expire 1952) (Terms expire 1953) 
T. E. Eagan J. O. Ostergren 
L. C. Farquhar F. W. Shipley 
V. J. Sedlon James Thompson 
F. G. Sefing E. C. Troy 
W. L. Woody 


(Terms expire 1954) 
H. W. Dietert 
J. T. MacKenzie 
M. J. O’Brien, Jr. 
A. M. Ondreyco 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Absent: 
Directors: A. L. Hunt 
J. J. McFadyen 
L. D. Wright 
(2) President Seelbach declared that this special meeting had 


been called for organizing the Executive Committee in compli- 
ance with the Society’s by-laws. 

He announced that it was his intention as President to con- 
tinue the policy of holding meetings of the Executive Commit- 
tee only in cases of emergency requiring immediate decision, and 
that it would not be the intention to screen through the Execu- 
tive Committee all subjects to be discussed in regular meetings 
of the Board. 

The Directors voted by secret ballot to elect four members of 
the board to serve, together with the President and Vice- 
President, as an Executive Committee of six members, the 1951- 
52 Committee being elected as follows: 

President W. L. Seelbach, Chairman; Vice-President I. R. 
Wagner, Director and Past-President Walton L. Woody, Director 
F. G. Sefing, Director F. W. Shipley, Director James Thomson. 

There being no further business to be considered, the meet- 
ing was declared adjourned. 

Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 


Approved: 
WALTER L. SEELBACH, President 





Special Meeting of 1951-52 Executive Committee 
The Homestead, Hot Springs, Va.—Thursday, July 26, 1951 


(1) ROLL CALL: 
President Walter L. Seelbach, Presiding 
Vice-President I. R. Wagner 
Present: 
Past-President and Director Walton L. Woody 
Director F. G. Sefing 
Director F. W. Shipley 
Director James Thomson 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 

(2) The By-Laws of the Society (Art. X, Secs. 1-9) were read, 
describing the method by which the Nominating Committee 
shall be appointed in order to elect a Vice-President and new 
Directors of the Society at the 1952 Convention. 

(3) Names of various candidates were presented from lists 
submitted by eligible Chapters. -In accordance with the By-Laws, 
the following seven members were appointed by the Executive 
Committee to form, together with Past-Presidents Walton L. 
Woody and E. W. Horlebein, the 1951-52 Nominating Commit- 
tee of nine: 

Chairman, Past-President Walton L. Woody, Vice-President, 

National Malleable & Steel Castings Co., Cleveland. 

Past-President E. W. Horlebein, President, Gibson & Kirk Co., 


Baltimore, Md. 
M. E. Brooks, Fdry. Engr., Dow Chemical Co., Bay City, Mich. 
(Rep. Saginaw Valley Chapter and Light Metals) 
A. E. Hageboeck, Exec. Vice-President, Frank Foundries Corp., 
Moline, Ill. (Rep. Quad City Chapter and Gray Iron) 
M. E. Rollman, Engr., Cincinnati Milling Machine Co., Cin- 
cinnati. (Rep. Cincinnati District Chapter and Gray Iron) 
V. S. Spears, Sales Engr., American Wheelabrator & Equipment 
Corp., Mishawaka, Ind. (Rep. Michiana Chapter and Equip- 
ment) 
H. F. Taylor, Assoc. Professor, Massachusetts Inst. of Technol- 
ogy, Cambridge, Mass. (Rep. New England and Education) 
F. M. Wittlinger, Secretary, Texas Electric Steel Casting Co., 
Houston, Texas (Rep. Texas Chapter and Steel) 
R. C. Woodward, Chief. Met., Bucyrus Erie Co., South Mil- 
waukee, Wis. (Rep. Wisconsin Chapter and Steel) 
There being no further business to be considered, the meeting 
was declared adjourned. 
Respectfully submitted, 
Wn. W. MALONEY 
Secretary-Treasurer 
Approved: 
WALTER L. SEELBACH, President 
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First Meeting of 1951-52 Board of Directors 
The Homestead, Hot Springs, Va.—Friday, July 27, 1951 


(1) ROLL CALL: 
President Walter L. Seelbach, Presiding 
Vice-President I. R. Wagner 
Present: 
Directors: 
(Terms expire 1952) 
T. E. Eagan 
L. C. Farquhar 
V. J. Sedlon 
F. G. Sefing 
W. L. Woody 


(Terms expire 1953) 
J. O. Ostergren 
F. W. Shipley 
James Thomson 
E. C. Troy 


(Terms expire 1954) 
H. W. Dietert 
J. T. MacKenzie 
M. J. O’Brien, Jr. 
A. M. Ondreyco 
Secretary-Treasurer Wm. W. Maloney 
Fechnical Director S$. C. Massari 
Absent: 
Directors: A. L. Hunt 
J. J. McFadyen 
L. D. Wright 


Election of Secretary- Treasurer 


President Seelbach appointed a Nominating Committee con- 
sisting of Vice-President Wagner as Chairman, with Directors 
Woody and Ondreyco, to place in nomination the names of can- 
didates for Secretary and Treasurer. The Committee placed in 
nomination the name of the incumbent Secretary-Treasurer, and 
on motion duly made, seconded and unanimously carried, Secre- 
tary-Treasurer Wm. W. Maloney was declared re-elected for the 
fiscal year 1951-52. 


Fixing of Salaries and Compensations 


In executive session with members of the Staff excluded, the 
Board of Directors established salaries and compensations for 
various members of the National Office Staff for the fiscal year 
1951-52. 


Budget of Estimated Income and Expense 


The Treasurer was requested to present the budget of esti- 
raated income and expense as a two-year budget, covering the 
two fiscal years July 1, 1951-June 30, 1953, as recommended by 
the Finance Committee. President Seelbach stated that the 
Finance Committee was still endeavoring to build up a reserve 
approximately equal to an average year’s expense, and that the 
budget had been recommended partly with this policy in mind. 
He also pointed out that the Finance Committee desired Board 
approval for setting a two-year budget for the first time, in rec- 
ognition of the fact that the Society's financial affairs must con- 
sider two years at a time. 

Each item of income and expense recommended was discussed 
in detail. On motion by Director Shipley, seconded by Director 
Sefing and carried, a two-year budget of estimated income and 
expense for the fiscal years 1951-1953 accepted, corrected in 
certain details by the Board, with provision for review and 
possible revision in July 1952. 


Standing and Special Committees 


\t the request of the President, motion was duly made, sec- 
onded and carried, authorizing the President to appoint Stand- 
ing and Special Committees ia accordance with the By-Laws. 
President Seelbach announced that the list of Committee ap- 
pointments would be seni to all members of the Board at a 
later date. 

It was suggested that an editorial in AMERICAN FOUNDRYMAN 
over the signature of the Chairman of the Finance Committee 
would be worthwhile in stressing the financial operations of the 
Society. It was also suggested that the Secretary should prepare 
talks for the Directors to present to the Chapters stressing the 
value of membership. 


National Castings Council Representatives 


The President recommended, and on motion duly made, sec- 
onded and carried, the Board approved the appointment of Vice- 
President Wagner to serve with President Seelbach as A.F.S. rep- 
resentatives to the National Castings Council. 


Recommendations of 1950-51 Board of Directors 


(a) Safety & Hygiene. President Seelbach introduced Kenneth 
M. Morse as the new full-time Staff Director of the Safety, Hy- 
giene, and Air Pollution Program and called upon Mr. Morse to 
present briefly his thoughts on the need for such a program in 
the foundry industry. The President stated that Mr. Morse’s first 
activities would be devoted to preparation of a brochure for the 
solicitation of funds, following the appointment of the full 
Safety & Hygiene Committee. He pointed out that establishment 
of bases for solicitation of funds had been delegated to the Safe- 
ty & Hygiene Committee of the Board, comprising President 
Seelbach as Chairman, with Directors Shipley and Thomson. 

(b) Headquarters Building. On motion duly made, seconded 
and carried, the new Board accepted the recommendations of 
the old Board pertaining to progression of the project to acquire 
and construct a new permanent headquarters for the Society. 

(c) Educational Division. The new Board approved recom- 
mendations of the old Board toward arranging a 1952 Conven- 
tion session of the Educational Division with Chairmen of 
Chapter Educational Committees. The new Board also approved 
recommendation that A.F.S. confine its educational activities to 
the secondary level of schools in 1952. 

In connection with recommendation of the Educational Divi- 
sion that some form of contest on educational activities be ini- 
tiated for the Chapters, the Board recommended that the 
Division endeavor to develop some definite plan to be submitted 
for Board approval at an early date. 

(d) FEF Convention Session. The new Board accepted the 
recommendation of the old Board that A.F.S. should decline the 
request for an all-day session on education during the 1952 
Convention under auspices of Foundry Educational Foundation. 


1952 Convention Registration Fees 


The Secretary requested special action by the Board on regis- 
tration fees at the International Foundry Congress in 1952, and 
on motion duly made, seconded and carried, the following fees 
were approved: Members $2.00, non-members $5.00, Interna- 
tional Visitors free, Students free, wives of International visitors 
free. No fee on the “free day” of Sunday, May 4. 

It was the consensus that the $2.00 and $5.00 fees should be 
charged at non-exhibit as well as at exhibit Conventions. 


Approval of Resolutions 


The Secretary requested Board approval of the following reso 
lutions required for conducting financial and various other 
affairs of the Society, and on motion duly made, seconded and 
carried, the resolutions were approved, as follows: 

(a) ResoLvep that resolutions required by the Harris Trust 
& Savings Bank of Chicago, authorizing the withdrawal of 
funds, are hereby approved and the Secretary authorized 
to certify thereto. 

(b) Resotvep that checks for the withdrawal of funds depos- 
ited in the name of the Society with depository banks, 
including all General Checking accounts and _ Interest 
Savings Accounts, and for the withdrawal of all securities 
held in the various funds of the Society by the Trust De- 
partment of the Harris Trust & Savings Bank of Chicago, 
shall require the signatures of any two of the following 
Officers: President, Vice-President, Secretary-Treasurer, 
Technical Director. 

(c) Resotvep that the Secretary be authorized to rent a safety 
deposit box at the Harris Trust & Savings Bank of 
Chicago for the safekeeping of Society securities, and that 
any two of the follewing have authority to obtain access 
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to such safety box: President, Vice-President, Secretary- 

Treasurer, Technical Director. 

(d) Reso_vep that resolutions required by the Royal Bank of 
Canada, Montreal, Quebec, and by its subs:diary banks at 
Toronto, Ontario, and Vancouver, B. C., establishing 
checking accounts in the name of the Society and author- 
izing the withdrawal of funds therefrom, are hereby 
approved and the Secretary authorized to certify thereto. 

RESOLVED that the Treasurers of the Eastern Canada, On- 
tario and British Columbia Chapters of the Society are 
authorized to make deposits, in the Royal Bank of Canada 
and its subsidiary banks, of funds received from Canadian 
members in payment solely of membership dues in the 
Society, and the Secretary is authorized to make all neces- 
sary accounting arrangements. 

(f) ResoLvep that checks for the withdrawal of funds depos- 
ited in the name of the Society with Canadian depository 
banks, shall require the signatures of any two of the fol- 
lowing Officers: President, Vice-President, Secretary- 
lreasurer, Technical Director. 

(g) ResoLvep that the Treasurers of the Eastern Canada, 
Ontario and British Columbia Chapters of the Society 
shall cach give evidence to the Secretary of the existence 
of Indemnity Bends covering each of them individually 
and separately, in amounts deemed satisfactory to the 
Society, premiums thereon to be paid by the respective 
Chapters. 

(h) Resotvep that the Secretary be authorized to execute all 
contracts for the administration of Society affairs, subject 
to specific approval by the Board of Directors. In the 
case of A.F.S.-sponsored research projects, approval of the 
project by the Board of Directors includes the authority 
for the Secretary to execute contracts for performance of 
such projects on a bid basis. 

(i) ResoLvep that the Secretary be authorized to reimburse 
traveling expenses for members in attendance at any 
regularly called Board of Directors, Executive Committee, 
or Technical Committee meeting, with the following ex- 
ceptions: No expense shall be paid to Directors cr Com- 
mittee members for attendance at meetings held during 
the week of the Annual Convention of the Society, unless 
specifically authorized by the Board of Directors. When 
meetings are held in conjunction with other committees 
or associations, the Secretary is authorized to determine 
what portion of the expense of such attendance shall be 
paid by the Society. 

(j) Resotvep that the Secretary be authorized to negotiate 
the compensations of necessary Staff employees below 
$3600.00 per year, and that Finance Committee approval 
be required on all compensations of $3600.00 per year 
or more. 

In connection with Blanket Indemnity Bonds for the National 
Office Staff, the following resolution was also approved as re- 
vised below: 

(k) Resotvep that the present Blanket Indemnity Bond be 
renewed covering all Staff members for Five Thousand 
Dollars ($5,000.00), except that Indemnity Bonds be pur- 
chased covering the Secretary-Treasurer and Technical 
Director for ‘Two Hundred Thousand dollars ($200,000.00) 
each and covering the bookkeepers at Twenty Thousand 
dollars ($20,000.00) each, premiums to be paid by the 
Society. 

The Treasurer, having questioned the amount of premiums 

required by this resolution, was directed to investigate and 
report back to the Finance Committee at an early Cate. 


(e€ 


~~ 


A.F.S. Sponsored Research Projects 


Research projects of the Society as recommended by the Re- 
search Committee of the Board, Director Dunbeck, Chairman, 
were presented in detail. On motion duly made, seconded and 
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carried, the recommendations were approved for continued re- 
search in 1951-52. ° 


1952 Chapter Officers Conference 


At the request of the Secretary and on motion duly made, 
seconded and carried, the Board approved the holding of the 
9h Annual Chapter Officers Conference in June 1952 on the 
same basis as the 1951 Conference. 


1952 Exhibit Space Rental Fees 


At the request of the Secretary for separate action, the Finance 
Committee recommended that exhibit space rental fees for 1952 
be established as follows: Exhibit space Permit Fee, required 
of all exhibitors, $25.00; Space Rentals, $3.00 per sq. ft. It was 
pointed out that the increase in rental fees would in large part 
offset any lesser income from registration fees, established at a 
rate less than fees charged at the 1950 Convention. 


Certificates 


Director Eagan suggested that retired Directors of the Society 
be presented with certificates in recognition of their conscien- 
tious service and that they be made retroactive for all living 
Directors. On motion by Director Eagan, seconded and carried, 
the Board voted to prepare a suitable certificate for living past 
Directors in recognition of their service to the Society, and that 
the certificates be awarded on completion of terms of service. 

Director Sefing suggested that some form of honorary certifi- 
cate should be prepared for past Division Chairmen as well as 
for past Chairmen of General Interest Committees, and that such 
a certificate also be made available to the Chapters for presenta- 
tion to retiring Chapter Chairmen as of 1951-52. On motion by 
Director Eagan, the question of honorary certificates for Chair- 
men of Divisions and of Chapters was tabled until the next 
Board meeting in order for the Staff to study the matter more 
fully. 


1952 Nominating Committee 


For the information of the Board, President Seelbach reported 
that the Executive Committee, in special session the afternoon 
of July 26, had appointed seven members of the Society to serve 
with the two immediate past Presidents to torm the 1952 Nom- 
inating Committee, as follows: 

Chairman, Past-President Walton L. Woody, Vice-President of 
Operation, National Malleable & Steel Castings Co., Cleve- 
land. 

Past-President E. W. Horlebein, President, Gibson & Kirk Co., 
Baltimore, Md. 

M. E. Brooks, Fdry. Engr., Dow Chemical Co., Bay City, Mich. 
(Rep. Saginaw Valley Chapter and Light Metals) 

A. E. Hageboeck, Exec. Vice-President, Frank Foundries Corp., 
Moline, Ill. (Rep. Quad City Chapter and Gray Iron) 

M. E. Rollman, Engr., Cincinnati Milling Machine Co., Cincin- 

nati. (Rep. Cincinnati District Chapter and Gray Iron) 

V. S. Spears, Sales Engr., American Wheelabrator & Equip. 
Corp., Mishawaka, Ind. (Rep. Michiana Chapter and Equip- 
ment) 

H. S. Taylor, Assoc. Professor, Massachusetts Inst. of Technol- 
ogy, Cambridge, Mass. (Rep. New England and Educational) 

F. M. Wittlinger, Secretary, Texas Electric Steel Casting Co., 
Houston, Texas (Rep. Texas Chapter and Steel) 

R. C. Woodward, Chief Met., Bucyrus Erie Co., South Milwau- 
kee, Wis. (Rep. Wisconsin Chapter and Steel) 

There being no further business to come before the Board, the 

meeting was declared adjourned. 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 

Approved: 

WALTER L, SEELBACH, President 
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Minutes 


Meeting of the 1951-52 Nominating Committee 
Stevens Hotel, Chicago—December 7, 1951 


Presiding, Walton L. Woody, Chairman, as the 
immediate Past-President A.F.S. 
E. W. Horlebein, Past-President A.F.S. 
(1) ROLL CALL: 
M. E. Brooks (Rep. Saginaw Valley Chapter and Light 
Metals) 
A. E. Hageboeck (Rep. Quad City Chapter and Gray Iron) 
M. E. Rollman (Rep. Cincinnati District Chapter and 
Gray Iron) 
V. S. Spears (Rep. Michiana Chapter and Equipment) 
H. S. Taylor (Rep. New England and Education) 
F. M. Wittlinger (Rep. Texas Chapter and Steel) 
R. C. Woodward (Rep. Wisconsin Chapter and Steel) 


Nomination of President 


On motion duly made, seconded and unanimously carried, 
the incumbent A.F.S. Vice-President, I. R. Wagner, was nomin- 
ated as President of the Society for the year 1952-53. 


Nomination of Vice-President 


Following submission of names of candidates, on motion duly 
made and carried, Collins L. Carter, President of Albion Malle- 
able Iron Co., Albion, Mich., was nominated as Vice-President 
of the Society for the year 1952-53. 


Nomination of Directors 


Following submission of names of all candidates, the Nominat- 


ing Committee selected the following Directors to serve terms 
of three years each: 

Martin A. Fladoes, President, Sivyer Steel Castings Co., Mil- 
waukee, Wis.—representing Steel and Wisconsin Chapter. 

Walter J. Klayer, Works Mgr., Aluminum Industries, Inc., 
Cincinnati, Ohio—representing Light Metals and Cincinnati 
District Chapter. 

J. O. Klein, Vice-Pres. & Secy., Texas Foundries, Inc., Lufkin, 
Texas—representing Malleable Iron and Texas Chapter. 

A. D. Matheson, Gen. Mgr., French & Hecht Div., Kelsey- 
Hayes Wheel Co., Davenport, lowa—representing Gray Iron 
and Quad City Chapter. 

H. G. Robertson, Works Mgr., American Steel Foundries, Alli- 
ance, Ohio—representing Steel and Canton District Chapter. 

Motion to nominate the above Directors was duly made, sec- 

onded, and unanimously carried. 


Past-President as Director 


It was pointed out that President Walter L. Seelbach, on com- 
pletion of his term of office, would automatically qualify to serve 
one additional year as a National Director in accordance with 
the by-laws of the Society and without nomination. 

There being no further business to be presented, the meeting 
was declared adjourned. 

Respectfully submitted, 

1951-52 NOMINATING COMMITTEE 
AMERICAN FOUNDRYMEN'’S SOCIETY 
WaLtTon L. Woopy, Chairman 





Mid-Year Meeting of the A. F. S. Board of Directors 
Drake Hotel, Chicago—December 13-14, 1951 


(1) ROLL CALL 
President Walter L. Seelbach, presiding 
Vice-President I. R. Wagner 


Directors: 
(Terms expire 1952) (Terms expire 1953) 
T. E. Eagan J. J. McFadyen 


F. W. Shipley 
James Thomson 
E, C. Troy 


L. C. Farquhar 
V. J. Sedlon 
W. L. Woody 
L. D. Wright 
(Terms expire 1954) 
H. W. Dietert 
A. L. Hunt 
M. J. O’Brien, Jr. 
A. M. Ondreyco 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Absent Directors: 
J. T. MacKenzie, J. O. Ostergren and F. G. Sefing 


Reading of Minutes 


A quorum having been established, the Secretary announced 
that minutes of the following meetings had previously been ap- 
proved by letter ballot of the Board; (a) Special Meeting of the 
1951-52 Board of Directors, July 26, 1951; (b) Meeting of the 
Executive Committee, July 26, 1951; (c) Meeting of the Board 
of Directors, July 27. ‘The Secretary then read such actions and 
background material on these meetings as might apply to the 
present meeting. 


Report of the Secretary 


The mid-year report of the Secretary, covering the period 
July 1-December 10, 1951, was read and discussed, and is made 
a part of these minutes. 

The Secretary pointed out that the Society’s membership had 


increased from 9206 on July 1 to 9436 on November 30, 1951, an 
increase of 230 members; that 12 of the 40 Chapters showed a 
loss of members, 3 showed neither a loss nor a gain, and 25 a 
gain. He again stressed the importance of concentrating on 
membership during the balance of the fiscal year. 

The Secretary reported no new Chapters formed to date but 
indicated that a number of Chapters were considering or had 
already determined on a broadening of their sponsorship of , 
Regional Conferences. 

A progress report on the International Foundry Congress and 
Show was presented, covering the exhibits, free space for mem- 
bers of the National Castings Council, the mailing of housing 
applications, with special emphasis on sessions of particular 
interest to members of the Board. The latter includes the pro- 
jected Defense Production sessions, the A.F.S. Annual Business 
Meeting and Lecture, International Committee meetings, the 
Society’s Annual Banquet, the Canadian Dinner, International 
Education Dinner, Alumni Dinner, International Reception, and 
matters concerning registration. 

In conclusion, the Secretary reported three Staff additions 
since last July: K. M. Morse as Director of the Safety & Hygiene 
and Air Pollution Program; Wm. J. Mulhall as Head Book- 
keeper, and Horace Hardy as Editorial Asistant on AMERICAN 
FOUNDRYMAN. 


Report on American Foundryman 


A more detailed report on AMERICAN FOUNDRYMAN advertising 
and editorial progress was presented by the Secretary. He stated 
that gross revenue for the six-month period July-December 1951, 
totaled $73,900 or over $9,000 in excess of forecast. It was stated 
that the December 195i issue grossed $13,303, or $4,000 higher 
than any previous December issue. 

He reported a December issue of 4814 pages, or 12 pages more 
than any previous December; also a total of 27254 pages for the 
six issues, July-December, or 53 pages greater than in any pre- 
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ious comparable six-month period; and that the forecast for 
he first six months was 278 pages, or 514 pages above the actual. 

With AMERICAN FOUNDRYMAN now running close to 50 pages 
f advertising monthly, the Secretary stated that more total pages 
per issue would now have to be run so as to maintain a proper 
balance between editorial and advertising. At present the bal- 
ince, as approved by the Publications Committee, calls for not 
more than 50 per cent advertising. He also stated that the entire 
magazine was being restyled editorially, effective March 1952. 

In summing up, the Secretary stated that, barring unforeseen 
circumstances, the advertising budget of AMERICAN FOUNDRYMAN 
for the current fiscal year should be met. President Seelbach 
offered, as a consensus of the Board, congratulations to the Staff 
of AMERICAN FouNDRYMAN for progress made. 


Report of the Treasurer 


The Treasurer presented a statement of Income and Expense 
for the five-month period July to November 1951, inclusive, 
showing the following: five-month forecast of Income $238,673, 
actual Income, $255,220; five-month forecast of Expense $201,147, 
actual Expense $200,805; forecast of Excess Income for the five- 
month period $37,526, actual Excess Income $54,414, or $16,888 
more than forecast. 

Various items of income and expense were discussed, and in 
accepting the report of the Treasurer, the Board expressed satis- 
faction with the progress being made in the Society’s finances. 


Report of the Technical Director 


The semi-annual report of technical activities was presented 
by the Technical Director covering A.F.S.-sponsored Research 
projects, Convention program, General and Special Publications 
and over-all Technical Activities. The report of the Technical 
Director is made a part of these minutes. 

The report on A.F.S.-sponsored research was supported by 
Director Farquhar as Chairman of the Research Committee of 
the Board. The Technical Director reported publ’cation of the 
1951 volume of TRANsactions, the high school foundry text en- 
titled “Foundry Work,” a compilation of Cupola Research re- 
ports, and progress reported on the “Foundry Sand Testing 
“Handbook,” the “Foundry Glossary,” “Recommended Practices 
for Casting of Copper-Base Alloys,” a symposium on “Principles 
of Gating,” a “Patternmaker’s Manual,” and a reprint of the 
“Foundry Cost Methods” booklet. 

The Technical Director requested action on his previous pro- 
posal to eliminate the use of stenotype reporting at the 1952 
Convention sessions, and stated that the several Technical Divi- 
sions and General Interest Committees had been sounded out on 
the proposal. He reported that, 78 per cent of those replying 
had expressed themselves in favor of elimination of stenotype 
reporting, to be replaced by reports of -representative technol- 
ogists in the industry. 

Mot‘on was made by Director Eagan, seconded and carried, 
that aii written discussion on 1952 Convention papers should be 
published but that oral discussion should be reported by means 
of technical reporters as arranged by the Technical Director. 
It was understood that Board approval of the proposal applied 
only to the 1952 Convention, subject to review thereafter. 


Reports of Board Committees 


(a) National Castings Council. President Seelbach and Vice- 
President Wagner reported on meeting of the National Castings 
Council November 29, with no recommendations requiring action 
by the A.F.S. Board. One Director asked for clarification of a 
general proposal for better representation of the castings indus- 
try in Washington; it appeared to be the consensus of the 
Board, without vote, that such representation or its considera- 
tion was beyond the province of A.F.S. 

(b) Housing Committee. President Seelbach presented in di- 
gest a lengthy report from R. J. Teetor, Chairman of the A.F.S. 
Housing Committee, requesting stronger action in pursuing the 
housing project prior to expiration of the Society's present office 
lease on September 30, 1953. Vice-President Wagner reported 
on the latest meeting of the Action Subcommittee of the Housing 
Committee, held in Chicago November 30, called mainly to con- 
sider additional sites for the proposed Headquarters Building. 

In crder to advance the program more vigorously, the Sec:e- 
tary was authorized to act promptly for the employment of an 
administrative assistant, with the Finance Committee acting for 
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the Board of Dixectors in the interim. It was understood that 
the Secretary would seek immediate full authorization from the 
Housing Committee to proceed with necessary details for the 
taking of options, rezoning and purchase of a property. 

(c) Safety, Hygiene, and Air Pollution Committee. The report 
of Director Shipley as Chairman of the Safety, Hygiene, and Air 
Pollution Committee of the Board was presented. The report 
covered organization of the Steering Committee, development of 
two technical subcommittees (on Welding, and on Foundry Dust 
Control and Ventilation), prospective formation of two addi- 
tional committees on Air Pollution and on Foundry Safety, de- 
velopment of a program on safety, hygiene and air pollution for 
the International Foundry Congress, cooperation with govern 
mental and professional groups, and miscellaneous activities of 
K. M. Morse. The report indicated that real progress has been 
made to date. 

In the discussion that followed, the Secretary indicated that 
approximately $1,000 had been contributed to date to the pro- 
gram, without solicitation. President Seelbach reported that, at 
a meeting of the National Castings Council on November 29, the 
members present had supported the program enthusiastically 
and had indicated a desire to make the original solicitation to 
their memberships and to those segments of the Foundry Indus- 
try which they represent. He therefore stated that, while A.F.S. 
would go ahead with special solicitations, it is intended to with- 
hold general solicitation until after the original approach by the 
trade associations member to the Nationa! Castings Council. The 
new Safety, Hygiene, and Air Pollution brochure was presented 
to all Directors with the request that they take up at this time 
the question of donations by their individual companies. 

On motion made, seconded and carried, the Board instructed 
the Secretary to express to the National Castings Council the sin- 
cere appreciation of the A.F.S. Board for the expressed willing- 
ness of the Council members to cooperate with A.F.S. toward 
the successful conclusion of the solicitation of funds for the 
program. 

(d) Chapter Contacts Committee. Vice-President Wagner re- 
ported as Chairman of the Chapter Contacts Committee, and 
asked each Director to report on Chapters visited and still to 
be visited. He urged the members of the Committee to act as 
spark plugs for the effort to increase membership to 10,000 by 
next June 30, and to make their Chapter visits as early as pos- 
sible. 

Vice-President Wagner stated that some thought had been 
given to the possibility of staging the presently annual Chapter 
Officers Conference at less frequent intervals, and requested that 
all Directors evaluate the possibility and attend the next Board 
meeting prepared to discuss the matter fully. He questioned 
whether, after holding eight annual meetings, it was longer 
necessary to continue the conference on an annual basis. 

(e) Research Committee. The report on A.F.S.-sponsored re- 
search projects was supported by Director Farquhar as Chair- 
man of the Research Committee of the Board. 

In response to a question by one Director as to the status of 
the Cupola Research Project, it was stated that, in the opinion 
of the previous Board of Directors, any intention to raise new or 
additional funds for this project should hinge upon a full report 
and recommendations by the Steering Committee of the Cupola 
Research Project. Such a report not having been received to 
date, no action for additionai funds is at present contemplated. 

(f) Finance Committee. President Seelbach, as Chairman of 
the Finance Committe:, stated that no separate report of his 
Committee would be presented. 

(g) Publications Committee. The Secretary stated that no 
separate report of the Publications Committee was available, 
but digested a letter from Chairman H. M. St. John dated Nov- 
ember 23, 1951, presenting certain recommendations from the 
June 29 meeting of the Publications Committee. 

The Technical Director pointed out that, while the Special 
Publications Production budget for 1951-52 is $10,000, in all 
propability the expense of productions pending would exceed 
that amount by an estimated $5,000. It was understood that the 
Staff would obtain Finance Committee approval for the cost of 
any Special Publications produced during the current fiscal year 
beyond the present budget. 

(h) Board Policy Committees. President Seelbach read a letter 
from Director Sefing dated December 10, and his reply of De- 
cember 12, urging more progress in developing Board policies 
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through the Board Policy Committees. After full discussion the 
following was agreed to: Director Woody as Chairman of the 
Finance Policy Committee, and Director Eagan as Chairman of 
the Technical Policy Committee, will hold early meetings. The 
Secretary was instructed to send both Chairmen in the near 
future a series of questions on which Board policies are most 
needed. 


Recommendations of the Board of Awards 


The following recommendations of the Board of Awards were 
presented for approval by the Board of Directors of the Society, 
in accordance with A.F.S. By-Laws: 

(a) That the John A. Penton Gold Medal of A.F.S. be 
awarded to Frank G. Steinebach “for outstanding contribu- 
tions to the Foundry Industry and the Society.” 

(b) That the William H. McFadden Gold Medal of A.F.S. 
be awarded to H. Morrogh of England “for outstanding 
work and development in the field of spheroidal cast iron.” 

(c) That the Joseph S. Seaman Gold Medal of A.F.S. be 
awarded to Albert Portevin of France “for technical con- 
tributions over many years to the arts and sciences of the 
Foundry Industry.” 

(d) That the Peter L. Simpson Gold Medal of A.F.S. be 
awarded to A. P. Gagnebin and K. D. Millis jointly “for 
outstanding work and development in the field of spheroidal 
cast iron.” 

Following discussion, motion was made, seconded and carried, 
approving the recommendations of the Board of Awards for the 
awarding of Gold Medals of the Society in 1952. 

Recommendations of the Board of Awards for the awarding of 
Honorary Life Memberships in the Society then were presented 
for approval by the Board of Directors, as follows: 

(a) That Honorary Life Membership be awarded to W. 
G. Mixer of Flint, Mich. “for a lifetime of service and 
application of engineering to the Foundry Industry.” 

(b) That Honorary Life Membership be awarded to A. I. 
Krynitsky of Washington, D. C. “for a lifetime of funda- 
mental research in the field of Metal Casting.” 

(c) That Honorary Life Membership be awarded to 
Walter L. Seelbach on completion of his present term of 
office as President of A.F.S. 

On motion made, seconded and carried, the Board of Directors 
accepted recommendations of the Board of Awards for the 
awarding of Honorary Life Memberships in 1952. 

The procedures adopted by the Board of Awards for the pre- 
sentation of awards at the 1952 Convention were approved by 
the Board of Directors, the Secretary being requested to convey 
to the Board of Awards the desirability of limiting all accept- 
ance speeches to a maximum of three minutes each. 

International Aw::d. Rules and regulations covering the 
Award of Honor of the International Committee of Foundry 
Technical Associations were presented. The Secretary stated 
that the President of A.F.S. had requested the Board of Awards 
to recommend the 1952 recipient, for approval by the Board of 
Directors, which in turn would make the Society’s official recom- 
mendation to the International Committee. 

Recommendation of the Board of Awards was presented that 
A.F.S. recommend that the Award of Honor of the Interna- 
tional Committee be made in 1952 to the late Carlo Vanzetti of 
Italy, and that presentation of this award be made by the Presi- 
dent of the American Foundrymen’s Society. On motion made, 
seconded and carried, the recommendation of the Board of 
Awards was approved, and the Secretary instructed to transmit 
the recommendation to the International Committee on behalf 
of the American Foundrymen’s Society. 

General Recommendations. On behalf of the Board of Awards, 
the Secretary then placed before the Board of Directors, for the 
purpose of obtaining their reactions, certain revisions of the 
Awards Manual as proposed by a committee of the Board of 
Awards. He emphasized the point that the revisions involved 
were not presented as recommendations of the Board of Awards, 
and that they concern two major considerations: (a) The sug- 
gestion that the presentation of names for consideration by the 
Board of Awards be classed as “suggestions” or “recomr-enda- 
tions” rather than “nominations”; and (b) that steps be  -.en 
to revise the present A.F.S. By-Laws so as to eliminate the re- 
quirements that actions of the Board of Awards are subject to 
approval by the A.F.S. Board of Directors. 

Following full discussion, and on motion duly made, seconded 
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and unanimously carried, the Board of Directors expressed a 
negative reaction to both proposals fer revision of the Awards 
Manual. The Secretary was instructed to inform the Board of 
Awards of the reaction of the Board of Directors. 

Recommendation of the Board of Awards was considered, 
suggesting the preparation of a standard type of honorarium 
for the Charles Edgar Hoyt Annual Lecturer. Without vote, the 
matter was referred to the Annual Lecture Committee for con- 
sideration, as a province of that committee. 


A.F.S. Trustees to FEF 


A letter from FEF to the President of A.F.S. was presented, 
requesting A.F.S. to name two trustees to the Foundry Educa- 
tional Foundation, to take office at the annual meeting of FEF 
in May, 1952. The letter requested that one trustee be a present 
member of the A.F.S. Board of Directors, preferably also a mem- 
ber of the Executive Committee. On motion made, seconded 
and carried, President Seelbach was authorized to make the nec- 
essary appointments and inform FEF accordingly. 


Vice-President of International Committee 


The President stated that the Society had been honored by the 
International Committee of Foundry Technical Associations with 
an invitation to select and recommend the Vice-President of the 
International Committee for 1952, with the understanding that 
such nominee, when approved by the International Committee, 
would succeed to the Presidency in 1953. The necessary qualifi- 
cations and considerations were pointed out, including personal 
attendance at the International Foundry Congress scheduled for 
Paris in 1953. 

On motion made, seconded and unanimously carried, the 
Board of Directors voted to recommend to the International 
Committee the name of Past-President L. N. Shannon of Birm- 
ingham, Ala., for the Vice-Presidency of the International Com- 
mittee in 1952. The Secretary was instructed to transmit the 
Society's recommendation promptly. 


Vice-Chairman of International Committee on 
Testing Cast Iron 


President Seelbach stated that the International Committee on 
Testing Cast Iron had invited A.F.S. to make the necessary rec- 
ommendation for the election of a Vice-Chairman in 1952. On 
motion by Director Eagan, seconded by Director Shipley and 
unanimously carried, the Board of Directors voted to recommend 
to the International Committee on Testing Cast Iron the name 
of H. Bornstein of Deere & Co., Moline, Ill, for the Vice- 
Chairmanship of said committee. The Secretary was instructed 
to transmit this recommendation promptly. 


Chapter Invitations 


President Seelbach pointed out that some eight separate non- 
A.F.S. foundry groups have been formed in the Eastern states 
without A.F.S. Chapter status, and suggested that certain of 
these groups might possibly consider Chapter status if officially 
invited by the Board of Directors to do so. He pointed out that 
most, if not all of these groups were in the nature of manage- 
ment groups rather than technical organizations, and invited 
the comments of the Directors. Following discussion, motion 
was made, seconded and carried that the Secretary should inves- 
tigate the possibilities of additional A.F.S. Chapters in the 
Eastern states, to the end of issuing official invitations from the 
A.F.S. Board that such groups consider A.F.S. Chapter status. 


Better Chapter Guidance 


Vice-President Wagner indicated the need for closer relations 
with the Chapters and better guidance of their activities, par- 
ticularly in such matters as membership work and the proper 
staging of technical meetings. He stated, however, that since 
the Board had authorized the Secretary to obtain additional ad- 
ministrative assistance in the near future, and because of the 
active work of the Directors in visiting Chapters, he desired to 
make no further recommendations at this time. 


Foundry Management Meetings 


Vice-President Wagner proposed the holding of a series of 
meetings with foundry top management in various areas so as 
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.o emphasize the importance of technical activities in foundry 
perations. He stated that he might call on various Directors 
ior their assistance in organizing such meetings, and urged that 
he meetings be organized on a definitely informal plane, on a 
personal basis between the Directors and foundry management. 
Without vote, the Board approved the holding of such meetings. 


Student Delegates 


[he Secretary presented a plan, tentatively concurred in by 
FEF, for bringing two student delegates to the 1952 International 
Foundry Congress from each FEF school and each A.F.S. Student 
Chapter school. The Secretary stated that the details of the 
plan were being worked out with FEF and the various schools, 
but requested support of the Board in carrying the plan forward. 

On motion made, seconded and carried, the Board approved 
the student delegate plan proposed and instructed the Secretary 
to work out the details with the Foundry Educational Founda- 
tion for implementing at the 1952 Congress. 


1954 Convention City 


The Secretary requested consideration of the 1954 Convention 
and Exhibit city, stating that it was necessary to make such 
determinations well in advance in order to assure the Society of 
proper dates and facilities. He pointed out that two cities have 
the combined facilities necessary for such events, and reported 
recent discussions with the Cleveland Convention Bureau on the 
possibility of holding the 1954 Convention and Exhibit in that 
city. A letter from the Cleveland Convention Bureau was pre- 
sented indicating the possibility of cbtaining room guarantees 
sufficient for housing the event, and recommended favorable con- 
sideration for Cleveland in 1954. 

Following discussion, on motion made, seconded and carried, 
the Board of Directors voted willingness to hold the 1954 Con- 
vention and Exhibit in Cleveland, if agreeable to the Commit- 
tee of Exhibitors. 


1955 Convention City 


The Secretary presented an official letter from the Texas 
Chapter inviting A.F.S. to hold its non-exhibit Convention in 
1955 at Houston, Texas. It was pointed out that a prior but 
informal invitation for 1955 had also been received from the 
New England Foundrymen’s Association during the Buffalo Con- 
vention in 1951, and that Vice-President Wagner had held con- 
versations since with the New England group. Without vote, it 
was (re consensus of the Board that full consideration should be 
giver th invitations, but that it was at this time too early to 
make a tinal decision. The Secretary was instructed to convey 
to the Texas Chapter the appreciation of the Society for the 
invitation extended. 


New Student Chapter 
The Secretary presented a letter and petition dated December 
10 for the formation of a Student Chapter at the University of 
Michigan, Ann Arbor, Mich., signed by 31 students. In view of 
the fact that all requirements for formation of a Student Chapter 
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had been fulfilled, with the exception of the receipt of student 
member applications and the payment of the first year’s dues, he 
recommended that the petition be provisionally accepted. 

On motion made, seconded and carried, petition for formation 
of a new Student Chapter at the University of Michigan was 
declared accepted, contingent upon the fulfillment of all require- 
ments for Student Chapter status. The Secretary was instructed 
to proceed accordingly. 


Saugus Iron Works Memorial 


Che Secretary presented a letter from past-Director B. L. 
Simpson urging the American Foundrymen’s Society to take 
an active part in the reconstruction of the Saugus Iron Works at 
Saugus, Mass., where the first casting in America was made. As 
an expression of the interest of the Board of Directors, motion 
was made, seconded and carried, instructing the Secretary to 
investigate the possibility of /.F.S. cooperation in the project, 
to report back to the Board at a later date. 


European Bank Accounts 


Letter from Director MacKenzie was presented, suggesting that 
consideration be given the setting up of A.F.S. bank accounts in 
Europe, thereby enabling European members of the Society to 
pay their dues in their own currencies, the accumulated funds 
to be made available to Americans traveling abroad. It was 
pointed out that the American Society for Metals was consider- 
ing a similar step, and that A.F.S. has already set up bank ac- 
counts for the same purpose in Canada. Without vote, the 
Board suggested that the Secretary investigate the matter further 
through personal conversations and discussions during the com- 
ing International Foundry Congress. 


Request of Time Study and Methods Committee 


The Technical Director stated that the Time Study and 
Methods Committee, in meeting October 29, 1951, had requested 
that the Board of Directors consider authorization for the pay- 
ment of travel expenses of Prof. M. E. Mundel of Purdue Uni- 
versity to the International Foundry Congress in order to present 
a film on the “Use of Motion Pictures for Foundry Motion and 
Time Study.” It was pointed out that, by resolution of the 
Board, the Staff was unable to reimburse the Convention ex- 
penses of individuals without specific authorization by the Board. 

Without vote, it was the consensus of the Board that there 
should be no deviation from the existing Board resolution. How- 
ever, Vice-President Wagner and Past-President Woody indicated 
a willingness to personally make it possible for Prof. Mundel to 
attend the International Congress. 

There being no further business to come before the Board of 
Directors, the meeting was declared adjourned. 

Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 
Approved: 
WALTER L., SEELBACH, President 





Minutes 


Meeting of the A. F. S. Board of Directors 
Atlantic City, N. J.—May 4, 1952 


(1) ROLL CALL: 
President Walter L. Seelbach, presiding 
Vice-President I. R. Wagner 


Directors: 
(Terms expire 1952) (Terms expire 1953) 
T. E. Eagan J. J. McFadyen 


L. C. Farquhar 
V. J. Sedlon 

F. G. Sefing 
W. L. Woody 
L. D. Wright 


J. O. Ostergren 
F. W. Shipley 
James Thomson 
E. C, Troy 


(Terms expire 1954) 
H. W. Dietert 
A. L. Hunt 
J. T. MacKenzie 
M. J. O'Brien, Jr. 
A. M. Ondreyco 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Present by Invitation: 
R. J. Teetor—Chairman, A.F.S. Housing Committee 
Incoming Officer and Directors as Observers: 
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Collins L. Carter, Vice-Pres.-elect. 
Walter J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 
Absent: 
Martin A. Fladoes 


Building Project 


A quorum having been established, President Seelbach stated 
that, in deference to Mr. Teetor, Chairman of the A.F.S. Hous- 
ing Committee, a progress report on the A.F.S. Headquarters 
Building project would be presented first by the Chairman. Mr. 
Teetor stated that an option to purchase a site in DesPlaines, 
Ill., had been signed and that four of the five necessary steps 
for rezoning the property for use by A.F.S. had been accom- 
plished to date, with final approval by the City Council of 
DesPlaines to take place May 5. He stated that the projected 
site, selected after considerable survey of available properties by 
members cf the Action Subcommittee and the Staff, consisted of 
21% acres of land, approximately 20 per cent of which would be 
occupied by the proposed building. Plans for the exterior and 
interior were available and discussed at some length. 

The Chairman pointed out that a total of $142,000 had been 
contributed (cash and pledged) for the building, but that esti- 
mates of building costs plus land costs, etc. indicated that the 
total contributed would be insufficient to build the contemplated 
structure. President Seelbach then called for discussion by the 
Board on the additional financing necessary. 

A number of points raised by the Directors regarding building 
costs were answered by Chairman Teetor, President Seelbach 
and the Staff. Motion was then made, seconded and unanimously 
carried 

That the Board of Directors authorizes, for completion of 
the A.F.S. Permanent Headquarters Building project, the 
expenditure of A.F.S. Reserve Funds necessary beyond those 
monies contributed by the industry, up to a maximum 
overall cost of $200,000; it being understood that, if the 
maximum overall cost as stated proves insufficient, the Hous- 
ing Committee must make specific request upon the Board 
of Directors for approval of additional funds. 

At the conclusion of the housing discussion, Chairman Teetor 
asked to be excused and left the meeting with the expressed 
thanks of the Board for his work on behalf of the project. 


Membership 


The Secretary presented the report of the membership as of 
April 24, 1952, showing a total membership of 9931. He stated 
that, for the first time, it appeared that the Society would make 
its target of 10,000 members by June 30, 1952, due to the active 
membership work of the Chapters in the last four or five months. 

The report showed a total of 2377 members added to the rolls 
from July 1, 1951, to April 24, 1952, inclusive, as against 1652 
dropped for all causes, or a net gain of 725 members. The report 
also showed a total circulation of 10,669 for AMERICAN FOUNDRY- 
MAN. 

The Secretary stated that the Society had received a petition 
from Omaha, Neb., signed by 67 persons desiring the establish- 
ment of a new Chapter in that area, each of the 67 agreeing to 
become a mcinber in the event a Chapter be approved by the 
Board of Directors. He stated that a Steering Committee had 
been formed, of which J. M. Bruer, Paxton-Mitchell Co., Omaha, 
was serving as Chairman, and that in terms of petitioners and 
companies involved, the Secretary recommended approval of the 
petition by the Board. In response to questions the Secretary 
stated that formation of the proposed Chapter was being actively 
promoted by the Mo-Kan Chapter at Kansas City, Mo., and that 
the Timberline Chapter was not involved because of distance. 

On motion made, seconded and unanimously carried, the 
Omaha petition for formation of the 4lst regular Chapter of the 
Society was unanimously approved, and the Secretary instructed 
to notify the Steering Committee of Board action. 

Vice-President Wagner and Directors Troy and Sefing re- 
ported on visits to the Conestoga, Lehigh Valley and Reading 
Foundrymen’s groups in Pennsylvania, and Vice-President Wag- 
ner also reported on a visit with the New England Foundrymen’s 
Association and their discussions concerning Chapters at those 
points. Secretary Maloney reported on cooperation with the 
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Pittsburgh Foundrymen’s Association in connection with the 
International Study Tours and stated that he was visiting that 
Chapter on May 9 for the Study Tour Reception there. 

Secretary Maloney also reported a conversation on May 3 with 
Henry Stenberg of Draper Corp., Hopedale, Mass., a member of 
the Executive Committee of the New England Foundrymen’s 
Association, and three other New England foundrymen concern- 
ing a possible A.F.S. Chapter in New England. The Secretary 
had finally asked the group if they would like to receive an 
official invitation from the A.F.S. Board to consider Chapter 
status, and the group had very strongly suggested this be done. 

Vice-President Wagner recommended that official invitations 
be issued by the A.F.S. Board to the three Pennsyivania foundry 
groups and the New England foundry group to consider A.F.S. 
Chapter status, and on motion made, seconded anc’ unanimously 
carried, the issuance of official Board invitations was approved. 
The Secretary also was instructed to invite one representative 
from each of the four groups to the Chapter Offi ers’ Conference 
in June, at A.F.S. expense. 

Director McFadyen reported on interest of a group of found- 
rymen in Calgary, Alberta, in holding technical meetings. It 
was the Board consensus that it would be difficult to support a 
Chapter in Calgary, but that effort should be made toward set- 
ting up a Calgary section of the British Columbia Chapter. 
Director McFadyen and Secretary Maloney indicated that they 
would cooperate with this movement as much as possible. 


Finances 


The Treasurer reported on finances of the Society as of March 
31, presenting an Income & Expense Statement and on Opera- 
tional Statement for the first nine months of the year. He 
reported total income of $616,169 against the year’s Income Bud- 
get of $657,400; total Expense $378,824 against the year’s Budget 
of $521,050, resulting in an earned Excess Income (over Ex- 
pense) of $237,345 against a budgeted $136,350 for the entire 
fiscal year. The Treasurer presented an Operational Statement 
showing net Income of $436,428 from three activities (Member- 
ship Dues $178,994, AMERICAN FOUNDRYMAN $20,561, Exhibit 
$236,872), and net Expense of $199,083. 

A Balance Sheet as of March 31 was offered showing total Cash 
and Investments of $479,615 (Cash on hand $259,015, Investments 
$220,600), exclusive of the Building Fund, Safety, Hygiene, and 
Air Pollution Fund, and Awards Fund. 

The report on Advertising in AMERICAN FOUNDRYMAN to and 
including the May issue showed a total of $165,023 gross from 
60634 pages of Advertising, against the previous high gross of 
$115,963 from 43954 pages in 1950-51. It was pointed out that 
the 1l-month gross of $165,000 had already exceeded the year’s 
budget of $162,000. 

The report also showed that both the April and May issue 
had far exceeded any previous April and May numbers: April 
1952—$29,711 gross, May 1952—$20,991 gross revenue; previous 
best April issue—$21,766 in 1946; previous best May issue— 
$12,982 in 1948. The Secretary stated that the pre-Convention 
issue had included 107 pages of advertising for the first time 
since 1946. 


Safety, Hygiene, and Air Pollution 


The Secretary reported a total of $30,000 pledged to the Safety, 
Hygiene, and Air Pollution Fund as the result of original solici- 
tation efforts by the trade association members of the National 
Castings Council. He stated that urgent business of the Inter- 
national Congress had prevented more concentrated Staff effort 
to follow up on the work of the NCC members, but that this 
was slated for activity at the earliest possible date following the 
Congress. He announced that Wm. N. Davis, formerly Senior 
Engineer with the National Safety Council, had been hired as 
the Director of the program as of May 1, 1952, following the 
resignation on March | of K. M. Morse. 

President Seelbach and Vice-President Wagner reported briefly 
on the importance of the program and urged the Directors to 
follow up with their own companies toward financial support. 


International Foundry Congress 


Secretary Maloney and Technical Director Massari reported on 
various phases of the International Congress, including the pre- 
Congress Study Tours for International Visitors, the presentation 
of 11 International exchange papers, a sellout of all Exhibit 
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space at the Foundry Show, a total of 107 technical papers at 
‘he various sessions. Various Directors commented favorably on 
different aspects of the Congress to date, including the highly 


successful International Banquet on May 3. 
There being no further business to be presented, the meeting 





was declared adjourned. 
Respectfully submitted, 
Won. W. MALONEY 
= Secretary-Treasurer 
Approved: 
WALTER L. SEELBACH, President 





Minutes 


Annual Meeting 1951-52 Board of Directors 
Edgewater Beach Hotel, Chicago—July 28, 1952 


(1) ROLL CALL: 
President Walter L. Seelbach, presiding 
Vice-President I. R. Wagner 


Present: 
Directors: 
(Terms expire 1952) (Terms expire 1953) 
r. E. Eagan J. J. McFadyen 
L. C. Farquhar F. W. Shipley 
V. J. Sedlon James Thomson 


F. G. Sefing 
L. D. Wright 


E. C. Troy 


(Terms expire 1954) 
H. W. Dietert 
J. T. MacKenzie 
M. J. O’Brien, Jr. 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 


Absent: 
Directors: A. L. Hunt 
A. M. Ondreyco 
J. O. Ostergren 
Walton L. Woody 


Present (as observers): 
Vice-President-elect Collins L. Carter 
Directors-elect: M. A. Fladoes 

W. J. Klayer 

J. O. Klein 

A. D. Matheson 
A. G. Robertson 


Reading of Minutes 


Minutes of the meeting of the Board of Directors held May 4, 
1952 at Atlantic City, N. J., were read and, on motion duly 
made, seconded and carried, approved. 


Annual Reports of Staff Officers 


(a) Report of the Secretary 

The annual report of the Secretary covered the following 
major activities: Membership, Chapters, Convention and Ex- 
hibit, International Foundry Congress, AMERICAN FOUNDRYMAN, 
Building Project, and General Administration. 

Membership. . 

The Secretary announced that A.F.S. membership had reached 
the goal of “10,000 members by June 30” with a total of 10,033, 
representing a net gain of 827, or approximately 8.9 per cent 
over the total of 9,340 on June 30, 1951. 

The report showed that the membership gain was reflected 
in all classes. It was pointed out also that the rate of member 
ship turnover during 1951-52 (20.4 per cent) was the lowest in 
four years, that the total membership gain was the largest in 
five years, and that the net gain was also the best in five years. 

The Secretary stated that 18 Chapters made their individual 
membership targets during the year, against only 8 the pre- 
vious year. He recommended that membership targets be con- 
tinued on the basis of a goal of 11,000 total by June 30, 1953. 

Chapters. 

The Secretary reported the addition of one new regular Chap 
ter (Corn Belt Chapter at Omaha, Neb.) and two new Student 
Chapters (University of Michigan at Ann Arbor, Mich., and 
Brooklyn Polytechnic Institute at Brooklyn, N. Y.) during 1951- 
52. A number of other Chapter possibilities were discussed, and 





announcement was made that official Board invitations had been 
issued during the year to the New England Foundrymen’s Associ- 
ation, the Lehigh Valley Foundrymen’s Association, the Cones- 
toga Foundrymen’s Group, and the Reading Foundrymen’s 
Association. He reported that no definite response had been 
received to date. Other active Chapter possibilities in which 
interest is being shown include Memphis, Tenn., Norfolk, Va., 
and a foundry group in Calgary, Alta. 

The Secretary reported a successful 9th Annual Officers Confer- 
ence in Chicago, June 12-13, with a total attendance of 107, 
including 82 Chapter delegates from 41 Chapters, plus 11 Na- 
tional Officers and Directors. 

Student Delegate Plan. 

The Secretary reported that 22 Students had attended the In- 
ternational Foundry Congress under the Student Delegate Plan 
sponsored jointly by A.F.S. and F.E.F., and that 17 had sub- 
mitted essays in the contest for $500 in prizes donated by C. B. 
Schneible, Chairman of F.E.F. Trustees. He announced the fol- 
lowing winners in this contest: Ray Decker, University of Michi- 
gan; Ernest Frens, Michigan State College; Jack N. Wheeler, 
Missouri School of Mines; Joseph Alber, Northwestern Tech- 
nological Institute; and Arthur Zrimsek, University of Wisconsin. 

Convention. 

The Secretary reported that a total of 13,303 persons attended 
the International Foundry Congress & Show and 56th Annual 
Convention of the Society in Atlantic City, May 1-7. He reported 
general acceptance of the registration fees of $2.00 for members 
and $5.00 for non-members, few complaints on housing from 
those in attendance, and splendid cooperation from the Atlantic 
City Convention Bureau, Convention Hall and service organiza- 
tions. 

The report pointed out that the Foundry Show was a sellout 
with 243 paid exhibitors occupying 83,760 sq. ft., the largest 
exhibit since 1946. A total of 68 technical sessions, 30 Committee 
meetings, and 25 other events were staged during Congress 
Week. The International Banquet was attended by 1175 people 
and proved a highlight of the Congress, and the Alumni Dinner, 
which was open to all this vear, was addressed by W. j. Grede, 
President of the Nationai Association of Manufacturers. 

The Secretary reported that nearly 275 foundrymen from 31 
different countries had attended the International Congress and 
that 113 had participated in the two pre-Congress Study Tours 
arranged in conjunction with the Mutual Security Agency of the 
government. A total of 145 foundry and allied plants were made 
available for visits by foundrymen from abroad due to the co- 
operation of A.F.S. Chapters in Buttaio, Cleveland, Detroit, Chi- 
cago, Cincinnati, Philadelphia and New York, and the Pitts- 
burgh Foundrymen’s Association in Pittsburgh, Pa. The Secre- 
tary reported receipt of three congratulatory communications on 
the entire International Congress & Show from the National 
Castings Council, the Mutual Security Agency and the 1952 
Committee of Exhibitors. 

American Foundryman. 

Reporting on AMERICAN FOUNDRYMAN, the Secretary stated 
that for the second straight year the budget for display advertis- 
ing had been surpassed with a total of 664 advertising pages, a 
new high over the previous high of 488 pages in 1950-51. 

Editorially, the Secretary pointed out that the maga2ine had 
been completely redesigned in March 1952, and that more prac- 
tical articles would be sought during 1952-53. 

Technical Activities. 

The Secretary reported briefly the replacement of K. M. Morse 
by W. N. Davis as Director of ithe Safety, Hygiene, and Air Pol- 
lution Program, effective May I, 1952. He stated that a total of 
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$42,000 had been contributed to the program to date, and that 
greater impetus would have to be given program financing dur- 
ing the coming year. 

Building Project. 

‘The Secretary announced that the projected site in DesPlaines, 
lll., for a permanent Headquarters Building of A.F.S. under 
option to purchase since January 11, 1952, had been dropped due 
to the fact that the Scciety’s petition for rezoning had been re- 
fused on May 5 by the DesPlaines City Council. He stated that 
every effort was being made by the Staff to obtain a new and 
satisfactory site in the immediate future. 

General Administration. 

The Secretary announced various changes in the Executive 
Staff during the fiscal year 1951-52, and the issuance of 6 issues 
of THE BULLETIN Boarp to the Board of Directors and to Past 
Presidents during the year. 

Following presentation of the report, Director Dietert, in com- 
menting on the value of the Student Delegate Plan in effect at 
the 1952 Convention, urged adoption of the plan for the next 
Exhibit year and offered to contribute $500 in prize money for 
the student essays. Director Sefing urged that essays for the 
Student Delegates be kept on general subjects, such as, “Impres- 
sions of the Foundry Congress and Exhibit.” 

Director Eagan expressed opposition to the Annual Lectures 
being of too general a nature, offering his opinion that these lec- 
tures should be technically broad in nature, that selection of 
lecturers should be confined to the A.F.S. membership, and that 
many qualified men of the industry are capable of presenting 
the type of lecture which he felt should be given. Motion was 
made, seconded and carried that rules and regulations for an 
Annual Lecture of a broad technical nature, with the lecturer 
selected from the Society’s membership, be established. Action 
was referred to the new Board. 

The Report of the Secretary, as accepted, is made a part of 
these Minutes. 

(b) Report of the Treasurer. 

The Treasurer reported that the Exhibit year 1951-52 pro- 
duced a total Income of $734,778 and Excess Income over Ex- 
pense of $182,613, both greater than for any previous 12-month 
period in the history of the Society. Income per member was 
$73.24 against $63.98 in the previous Exhibit year 1949-50, and 
expense per member of $55.03 against $50.66 in 1949-50. 

The report indicated total value of Society Fund Principals as 
of June 30, 1952, was $628,208, including all Award, Building 
and Safety & Hygiene Funds, against $412,718 in 1951, $348,302 
in 1950, and $219,590 in 1949. The Treasurer reported the So- 
ciety’s finances in satisfactory shape with expenses under close 
control of the Finance Committee and Treasurer. The official 
audited report of finances for the fiscal year ended June 30, 
as prepared by George V. Rountree in Chicago, was presented 
and discussed in detail, and the auditors commended for an 
excellent report. The Treasurer went over in detail the various 
items of Income and Expense for the year, pointing out major 
variations from the budget. 

The Report of the Treasurer, on motion duly made, seconded 
and carried, was accepted and the Staff commended for the ex- 
cellent financial showing during 1951-52. The Report of the 
Treasurer is made a part of these Minutes. 

(c) Report of the Technical Director 

The Technical Director presented a detailed report covering 
technical Committees, A.F.S.-sponsored Research projects, the 
1952 Convention program, the Safety, Hygiene, and Air Pollu- 
tion Program, Publications of the Society, the 1952 Apprentice 
Contests, and other technical activities. 

Recommendations for continuation of Research projects dur- 
ing 1952-53 were tabled for consideration by the new Board. 

During the year 1951-52, it was reported that seven new special 
publications had been produced, including Cupola Research 
Committee Reports, Foundry Work, (high school textbook), 
Symposium on Principles of Gating, Copper-Base Alloys Foundry 
Practices, and several existing publications reprinted. He also 
reported that 1500 copies of the Transactions for 1951 (Vol. 59) 
were published, and that complete manuscripts have been re- 
ceived for a Patternmakers’ Manual, a Symposium on Quality 
Control, and a Glossary of Foundry Terms, with an Index to 
TRANSACTIONS 1941-1951 now in process. 

The Technical Director reported a total of 260 entries from 
94 companies and 10 Chapters in the 1952 Apprentice Contests, 
compared with 246 entries from 76 companies and 8 Chapters 
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the previous year. 

He reported that a new Chapter Speaker List and Film Direc- 
tory had been developed, and that many showings of the A.F.S. 
color-sound film on “Effects of Gating Design on Casting Qual- 
ity,” the third film developed under direction of the Aluminum 
& Magnesium Division, had been made during 1951-52. He 
pointed out that money expended for production of the film had 
been completely recovered through rentals of the film and sale 
of prints both here and abroad. 

The Technical Director reported that the use of recorders in- 
stead of stenotype reporters at the 1952 Convention technical 
sessions had been sufficiently successful to justify its continuation 
for another year. A considerable amount of acceptable material 
has been received from the recorders and will appear in TRANs- 
ACTIONS. 

The report of the Technical Director, on motion duly made, 
seconded and carried, was accepted and is made a part of these 
Minutes, 


Reports of Board and Appointive Committees 


(a) Board Policy Steering Committee 

The Secretary read a letter from Walton L. Woody, as Chair- 
man of the Board Policy Steering Committee, urging the adop- 
tion of Board policies at the earliest possible date. The Secre- 
tary then presented reports of the Finance Policy Committee and 
the Technical Policy Committee for consideration by the 
Board. Reports of these two Committees, on motion duly made, 
seconded and carried, were accepted, subject to approval by the 
new Board of Directors. 

Chairman Woody as Chairman of the Finance Committee and 
Director Eagan as Chairman of the Technical Policy Committee 
tendered their resignations in consideration of new Committee 
appointments by President-elect I. R. Wagner. 

(b) Chapter Contacts Committee 

Vice-President Wagner, as Chairman of the Chapter Contacts 
Committee for 1951-52, presented a statement showing visits by 
National Officers and Directors and Staff members, and urged 
that the 1952-53 Committee, under leadership of Vice-President- 
elect Carter, continue to concentrate on membership activities in 
Chapter visits. 

It was the consensus that A.F.S. and F.E.F. educational activi- 
ties at the college level should be mutually discussed and worked 
out to better advantage of all concerned and with greater under- 
standing than at present of their mutual fields of activity. 

Director Sefing urged that the A.F.S. Officers should make a 
direct annual contact with non-A.F.S, groups in the interest of 
future Chapter possibilities. Director Troy requested that copies 
of the A.F.S. Chapter Manual be sent to non-A.F.S. foundry 
groups for their information. Director Dietert urged the assign- 
ment of A.F.S. Directors or members to contact colleges and uni- 
versities not affiliated with F.E.F. and where no A.F.S. Student 
Chapter now exists. 

(c) 1952 Committee on Exhibits 

The Secretary presented the minutes of the meeting of the 
Exhibits Committee held in Chicago, June 6, 1952, at which time 
the group expressed unanimous agreement that the 1952 Inter- 
national Foundry Congress & Show in Atlantic City had been 
highly successful in every way, but also expressed the opinion 
that foundry shows ,in Atlantic City should not be held more 
frequently than every 6 to 10 years. The report discussed various 
items concerning the 1952 Show and offered a number of recom- * 
mendations for the 1954 Exhibit, subject to approval by the 
1954 Committee of Exhibitors. 

(d) Finance Committee 

In the absence cf Chairman Woody, no report was presented, 
the financial report being embodied in the report of the Treas- 
urer. 

(e) Housing Committee 

In the absence of Chairman R. J. Teetor, the Secretary pre- 
sented a report on the A.F.S. Housing Project from its inception 
in 1950 to date, reporting on unsuccessful efforts to date to 
obtain a building site, stating that strong effort would now be 
made to find a proper location. He also reported that a total of 
$142,924.25 had been contributed to date by member companies, 
individuals and Chapters. He stated that the Housing Committee 
was being notified of steps taken thus far and that the member- 
ship as a whole would also be kept informed. 

(£) National Castings Council 
Vice-President Wagner read the minutes ot the annual meet- 
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ing of the National Castings Council aeld in Atlantic City, May 
5, 1952, reporting on the continued interest of the Council in 
the A.F.S. Safety & Hygiene and Air Pollution Program and a 
resolution of congratulation to A.F.S. on a successful Interna- 
tional Foundry Congress & Show. 
(g) Publications Committee 
In the absence of Chairman H. M. St. John, the Secretary read 
the minutes of the A.F.S. Publications Committee meeting held 
in Chicago, July 7, 1952, detailing information on new publica- 
tions during the past fiscal year and publications proposed for 
1952-58. Director Eagan urged publication of a revised edition 
of the “Cupola Handbook” at the earliest possible date. 
(h) Research Committee of the Board 
Director Farquhar, as Chairman of the Research Committee of 
the Board, presented a report on activities during the past year 
and a recommended budget for the coming year. The latter was 
referred to the new Board for action. 


(j) Retirement Plan Trustees 

In the absence of Chairman B. L. Simpson, the Secretary 
presented a statement of receipts and disbursements for the fiscal 
year 1951-52 through July 31, 1952. He also read a letter from 
Chairman Simpson recommending that the A.F.S. Secretary- 
Treasurer be made a signator for the withdrawal of checks from 
the Retirement Trust Account along with the A.F.S. Trustees. 
Action deferred to the new Board. 





(k) Safety, Hygiene, and Air Pollution Committee 

Director Shipley, as Chairman of this Board Committee, pre- 
sented a lengthy report on progress during 1951-52 and plans for 
the coming year. Director Eagan recommended that the report 
be revised for publication in AMERICAN FOUNDRYMAN and that a 
copy be placed in the hands of contributors and prospective 
contributors. 

(5) At the conclusion of the Board meeting, President Seel- 
bach reviewed steps leading to the present method of completely 
open discussion by members of the Board and urged that this 
method of operation be continued. He stated that he still be- 
lieves the Society could and should obtain a total of 15,000 
members within the next several years. He suggested that the 
Board Policy Committees hold their meetings in the near future, 
in the interest of better Board guidance, and also urged prompt 
completion of the Bvilding Project. In conclusion he expressed 
his thanks to the Directors and to the members of the National 
Office Staff for their cooperation during the year. 

(6) There being no further business to be presented, the 
Annual Meeting of the 1951-52 Board of Directors was declared 
adjourned. 

Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 
Approved: 
WALTER L, SEELBACH, President 





Ninth Annual Chapter Officers Conference 
June 12 - 13, 1952 - Sherman Hotel - Chicago 


PROGRAM 


Thursday, June 12 
§:30 am Welcome to Chapter Officers. .Chairman I. R. Wagner 
Introductions 
A.F.S. Background........A.F.S. Pres. W. L. Seelbach 
9:52am How a Technical Society Works.................... 
Tech. Dir. S. C. Massari 
10:20am Program Chairman’s Job.................. Conferees 
12:60PM Luncheon 
1:30pm Here is Your National Office. ..Sec’y. W. W. Maloney 
2:00pm “The Foundrymen’s Own Magazine”............... 
Editor H. F. Scobie 
Adv. Mgr. T. B. Koeller 
2:20pm A.F.S. Building Project....A.F.S. Pres. W. L. Seelbach 
2:50rm Report on F.EF.............-..-+-+-0 G. K. Dreher 
(Tech. Dir. S. C. Massari 


. . E. M. Strick 
“0% » - 1 - al 
3:05pm Chapter Educational! Progr ams) RW. Schroeder 


| Tech. Asst. J. E. Foster 
3:50PM Nomination of National Officers, Secy. W. W. Maloney 
4:00rm Coming Regional Conferences. ..Sec. W. W. Maloney 


4, | Chairman I. R. Wagner 
om "| Vice-Pres.-Elect C. L. Carter 
6:309m Dinner............... Guest Speaker: Henry Pildner 
8:30pm Special Meetings 


Friday, June 13 


9:00am Building Your Membership.......... . Conferees 
{ Chairman I. R. Wagner 

* | Secy. W. W. Maloney 

11:10am The New S. H. & A. P. Program............... 

{ Pres. W. L. Seelbach 

| Program Dir. W. N. Davis 

iguana ah omnes ween Conferees 


4:30pm “Chapter Contacts” 


10:40 am Chapter Chairman’s Job.. 


1i:3O ane Fimamets ......-.5..% 
12:00 em Luncheon 
1:15pm Summing up the Conference...Secy. W. W. Maloney 
1:35pm The Shakeout ............ reg: ester . .Conferees 
ED oe baa he sles eeaaa ban armien Conferees 
2:45pm Adjournment 


ATTENDANCE 


Directors and Guests 

Participating in the 9th Annual Chapter Officers Conference 
in addition to those mentioned, were the following national 
directors: Martin A. Fladoes, Sivyer Steel Casting Co., Milwau- 
kee; J. O. Klein, Texas Foundries, Inc., Lufkin, Texas; A. D. 
Matheson, French & Hecht Div., Kelsey-Hayes Wheel Co., Daven- 
port, Iowa; M. J. O’Brien, Jr., Symington-Gould Corp., Depew, 
N. Y.; H. G. Robertson, American Steel Foundries, Alliance, 
Ohio; F. W. Shipley, Caterpillar Tractor Co., Peoria, Ill.; James 
Thomson, Continental Foundy & Machine Co., East Chicago, 
Ind.; and R. E. Kennedy, A.F.S. Secretary Emeritus, University 
of Illinois, Chicago. 

Guests included Marion Allen, Pres., Foundry Educational 
Foundation, Chicago; George K. Dreher, Exec. Dir., FEF; R. W. 
Schroeder, University of Lilinois, Chicago; Earl M. Strick, Erie 
Malleable Iron Co., Erie, Pa.; and Wm. G, Gude, Managing 
Editor, Foundry, Penton Publishing Co., Cleveland. 


Chapter Officers 

BIRMINGHAM—Chairman Fred K. Brown, Pres., Fred K. Brown 
Co., Inc., Birmingham, and Program Chairman Biddle W. 
Worthington, Dir. of Res., McWane Cast Iron Pipe Co., 
Birmingham. (Also Vice-Chairman.) 

British Coctumpia—Chairman Herbert Heaton, Fdy. Sls. Engr., 
Letson & Burpee, Ltd., Vancouver, B. C., and Program Chair- 
man W. R. Holeton, Asst. Prof. Met., University of British 
Columbia, Vancouver, B. C. (Also Vice-Chmn.) 

CANTON Dustrict—Chairman Alexander Prentice, Mgr., Stark 
Foundry Co., Canton, Ohio, and Program Chairman Robert A. 
Epps, Sales Rep., Stoller Chemical Co., Akron, Ohio. (Also 
Vice-Chairman.) 

CENTRAL ItLinois—Chairman G. H. Rockwell, Supt. Fdy. Plan- 
ning, Caterpillar Tractor Co., Peoria, Illinois, and Program 
Chairman Henry Felten, Plant Supt., Peoria Malleable Cast- 
ings Co., Peoria, Illinois. (Also Vice-Chairman.) 











XXXVI 


CENTRAL INDIANA—Chairman Carl O. Schopp, Asst. Gen. Supt., 
Link-Belt Co., Indianapolis, and Treasurer C. D. Sears, Met., 
International Harvester Co., Indianapolis. 

CENTRAL MicHiGAN—Chairman David W. Boyd, Secy., Engineer- 
ing Castings, Inc., Marshall, and Vice-Chairman John Wolf, 
Mgr., Midwest Foundry Co., Coldwater, Mich. 

CENTRAL New York—Chairman D. J. Merwin, Vice-Pres., Oris- 
kany Malleable Iron Co., Inc., Oriskany, N. Y., and Vice- 
Chairman John A. Feola, Fmn. Nonferrous Fdy., Crouse-Hinds 
Co., Syracuse, N. Y. 

CENTRAL Onto—Chairman E. M. Durstine, Secy.-Treas., The 
Keener Sand & Clay Co., Columbus, Ohio., Vice-Chairman C. 
W. Gilchrist, Fdy. Supt., Cooper-Bessemer Corp., Mount Ver- 
non, Ohio, and Secretary N. H. Keyser, Rsch. Engr., Battelle 
Memorial Institute, Columbus, Ohio. 

CHESAPEAKE—Program Chairman Wm. H. Baer, U. S. Navy 
Dept., Bureau of Ships, Washington, D. C. (Also Vice-Chair- 
man.) 

Cuicaco—Chairman John H. Owen, Dist. Sls. Mgr., Harbison- 
Walker Refractories Co., Chicago, and Vice-Chairman J. A. 
Rassenfoss, Rsch. Met., American Steel Foundries, East Chi- 
cago, Ind. 

CincINNATI: Districr—Program Chairman W. L. Oberhelman, 
Secy., Oherhelman-Ritter Foundry Co., Cincinnati (Also Vice- 
Chairman), and Secretary Harry F. Greek, Pres., The Hill & 
Griffith Co., Cincinnati. 

Corn Bett—Chairman Earl White, Fdy. Consultant, Paxton- 
Mitchell Co., Omaha, and Vice-Chairman Bert J. Baines, Fdy. 
Supt., Omaha Steel Works, Omaha. 

Detroir—Chairman Michael Warchol, Met., Atlas Foundry Co., 
Detroit, and Vice-Chairman Harry E. Gravlin, Asst. Plant 
Mgr., Ford Motor Co., Dearborn, Mich. 

EASTERN CANADA—Program Chairman John G. Hunt, Asst. Fdy. 
Supt., Dominion Engineering Works, Ltd., Montreal, Que. 
(Also Vice-Chmn), and Secretary A. H. Lewis, Met., Dominion 
Engineering Works, Ltd., Montreal, Que. 

EASTERN NEW YorK—Chairman Leigh M. Townley, Asst. Met., 
Adirondack Foundries & Steel, Inc., Watervliet, N. Y., and 
Program Chairman E. S$. Lawrence, Fdy. Met., General Elec- 
tric Co., Schenectady, N. Y. (Also Vice-Chairman). 

METROPOLITAN—Chairman J. S. Vanick, Met., International 
Nickel Co., Inc., New York, and Vice-Chairman Bernard N. 
Ames, Sr. Met., Materiais Lab., U. S. Naval Shipyard, 
Brooklyn, N. Y. 

Mexico—Chairman Juan Latapi, Prod. Engr., Fundiciones de 
Hierro y Aciero, $.A., Mexico City, D. F., and Secy.-Treas. Luis 
Delgado-Vega, Mgr., Casco, §. De R.L., Mexico D. F., Mexico 

MicHtANA—Chairman A. E. Peterson, Gen. Fmn., Oliver Corp., 
South Bend, Ind., Vice-Chairman Leslie Pugh, Fdy. Supt., 
Casting Service Corp., LaPorte, Ind., and Secretary-Treasure1 
V. C. Bruce, Slsmn., F. B. Stevens, Detroit. 

Mo-Kan—Chairman J. F. Redman, Jr., Partner, Redman Pat- 
tern Works, Kansas City, and Vice-Chairman Wm. N. Chivvis, 
Plant Mgr., Magnes Metal Div., National Lead Co., Mission, 
Kan. 

NORTHEASTERN Ont1o—Chairman Frank C. Cech, Head of Pat- 
ternmaking Div., Cleveland Trade School, Cleveland, and Pro- 
gram Chairman Stephen E. Kelly, Asst. Gen. Mgr., Eberhard 
Mfg. Div., Eastern Malleable Iron Co., Cleveland (also Vice- 
Chairman). 

NORTHERN CALIF.—Chairman George W. Stewart, Owner,” East 
Bay Brass Foundry, Richmond, Program Chairman W. S. Gib- 
bons, Partner, Ridge Foundry, San Leandro, and Harold Heu- 
derson, Chairman 1952 Regional Conference, H. C. Macaulay 
Foundry Co., Oakland. 

No. Itt.—So. Wis.—Vice-Chairman Chas. N. Deubner, Fdy. 
Supt., Yates American Machine Co., Beloit, Wis. 
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NORTHWESTERN PA.—Chairman Fred J. Carlson, Asst. Fdy. Supt., 
Weil-McLain Co., Erie, Pa., and Program Chairman C. F. 
Gottschalk, Vice-Pres., Cascade Foundry Co., Erie, Pa. (Also 
Vice-Chairman.) 

Ontario—Chairman Andrew Reyburn, Fdy. Supt., Cockshutt 
Farm Equipment, Ltd., Brantford, Ont., and Chapter Director 
W. A. Jones, Foreman, Canadian Westinghouse Co., Dundas, 
Ont., Canada. 

OrEcon—Chairman Wm. M. Halverson, Indl. Engr., Electric 
Steel Foundry Co., Portland, and Program Chairman Henry 
C. Weiss, Fdy. Supt., Mobilift Corp., Portland. (Also Vice- 
Chairman.) 

PHILADELPHIA—Chairman Arnold N. Kraft, Fdy. Mgr., Wilkening 
Mfg. Co., Philadelphia, and Vice-Chairman W. D. Bryden, 
Pres., Philadelphia Bronze & Brass Corp., Philadelphia. 

Quap Crry—Chairman Boyd Hays, Mgr., John Deere Malleable 
Works, East Moline, Ill., Vice-Chairman Eric Welander, Met., 
John Deere Malleable Works, E. Moline, Ill., and Secretary- 
Treasurer Robert E. Miller, Fdy. Engr., John Deere Planter 
Works, Moline, II. 

ROCHEsTER—Chairman Leon C. Kimpal, Indl. Engr., Rochester 
Gas & Elec. Corp., Rochester, N. Y. 

SAGINAW VALLEY—Chairman K. H. Priestley, Pres. & Chief Met., 
Vassar Electroloy Products, Inc., Vassar, Mich., and Vice-Chair- 
man F. J. McDonald, Processing Supt., Saginaw Malleable Iron 
Plant, Central Fdy. Div., GMC, Saginaw, Mich. 

St. Louis District—Chairman Henry W. Meyer, Sand Tech., 
General Steel Castings Corp., Granite City, Ill., and Program 
Chairman Webb L. Kammerer, Pres., Midvale Mining & Mfg. 
Co., St. Louis. (Also Vice-Chairman.) 

SOUTHERN CaLiF.—Chairman Harold G. Pagenkopp, Partner, 
Angelus Pattern Works, Huntington Park, Calif., and Program 
Chairman Hubert Chappie, Fdy. Supt., National Supply Co., 
Torrance, Calif. (Also Vice-Chairman). 

‘TENNESSEE—Chairman W. M. Hamilton, Mgr., Crane Co., Chat- 
tanooga, Tenn. 

Texas—Chairman P. B. Croom, Owner, Houston Pattern Works, 
Houston, and Program Chairman Israel Smith, Pres., Western 
Foundry Co., Tyler, Texas. (Also Vice-Chairman.) 

‘TIMBERLINE—Chairman James E. Schmuck, Supt., Rotary Steel 
Casting Co., Denver. 

ToLepo—Chairman John G. Blake, Supt., Alloy Founders, Inc., 
Toledo, Ohio, and Vice-Chairman Bernard J. Beierla, Chief 
Met., E. W. Bliss Co., Toledo, Ohio. 

Tri-State—Chairman Clyde C. Beagle, Purch. Agt., The Webb 
Corp., Webb City, Mo., and Vice-Chairman D. W. Harris, 
Fdy. Supt., Frank Wheatley Pump & Valve Co., Tulsa, Okla. 

‘Twin Crry—Chairman Joseph W. Costello, Pattern Supv., Amer- 
ican Hoist & Derrick Co., St. Paul, and Vice-Chairman O. Jay 
Myers, Tech. Dir., Fdy. Prod. Div., Archer-Daniels-Midland 
Co., Minneapolis. 

WASHINGTON—Chairman J. F. Dolansky, Supt., Griffin Wheel Co., 
50. Tacoma, Wash., and Program Chairman James N. Wcssel, 
Materials Engr., Puget Sound Naval Shipyard, Bremerton, 
Wash. (Also Vice-Chairman.) 

WESTERN MICHIGAN—Chairman Wm. J. Cannon, Secy.-Treas., 
Nugent Sand Co., Muskegon, and Program Chairman Fred 
DeHudy, Met., Centrifugal Foundry Co., Muskegon Heights, 
Mich. (Also Vice-Chairman.) 

WESTERN NEW YorkK—Chairman Carl A. Harmon, Chief Met., 
Hanna Furnace Corp. Div. National Steel Corp., Buffalo, and 
Program Chairman J. M. Clifford, Works Mgr., Bison Castings, 
Inc., Buffalo. (Also Vice-Chairman.) 

Wisconsin—Chairman J. G. Risney, Pres., Risney Foundry 
Equipment Co., Wauwatosa, Wis., Program Chairman P. C. 
Fuerst, Asst. Fdy. Supt., The Falk Corp., Milwaukee, and Vice- 
Chairman A. F. Pfeiffer, Fdy. Pattern Dept., Allis-Chalmers 
Mfg. Co., Milwaukee. 
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Charles Edgar Hoyt Annual Lecture 


INDUSTRY’S RESPONSIBILITY 
TO YOUTH 


By 


John S. Bugas* 


One evening quite recently my 12-year-old daughter 
looked up from her homework and asked me: “Why 
do people in our country believe in Communism and 
Socialism? Why doesn’t everybody—at least every- 
body in our country—believe in the way we do things 
in America?” 

In trying to answer her questions, I found myself 
putting a lot more emphasis on what is wrong with 
Communism and with all forms of Socialism than on 
what is right with our democracy. I found myself 
speaking defensively. 

It has since occurred to me that my reaction was 
probably typical of a great many businessmen, and 
that the reaction is something less than perfect. On 
other questions, I would have reacted more positively. 

If, for example, I wanted to convince her of the 
superiority of one brand of automobile over another 
I would suggest a simple procedure: take a long ride 
in each brand and you be the judge for yourself. 

We know from experience that the test of perform- 
ance is more convincing than sales talk. Here the 
automobile dealer has an advantage that we do not 
enjoy when we want to discuss with curious youth 
the advantages of our economic and political society 
as compared to any other in the world. 

True, like the car salesman with his sales talk to 
the buyer, we can try through lectures and other edu- 
cational devices to convince the young people of 
America that our system is superior, but we can not 
ask our youth to try out the ways of life offered in 
other countries and compare these systems with our 
own. 

In fact, our bitterest rivals, the little gang of men 
inside the Kremlin, who claim to have the best “mod- 
el” system of all, are most averse to letting anyone 
lift the hood and take a close look to see whether 
their model really works. Millions of hapless people 
who have been incorporated into the Russian system 
in the last few years can not testify to us avout their 
new way of life for the simple reason that it is im- 





*Vice President, Industrial Relations, Ford Motor Company, 
Dearborn, Mich. 


possible to testify to anything from the absolute secur- 
ity of the Russian prison camps. 

This lack of opportunity to see other systems at first 
hand surely means we mus* vse our ingenuities with 
a new vigor and with an aggiessive positive approach 
so that youth can satisfy itself that our own system, 
even with its imperfections, is the best that mankind 
has yet devised for us. We may change design from 
time to time—but the important fact here is that we 
are free to change as experience and education point 
to new requirements, and our changes never interfere 
with the essential basic concepts that distinguish our 
nation, the freedom and dignity of the individual, his 
right to seek happiness in his own ways, the right to 
ask questions and to arrive at good answers, and— 
what is perhaps the main business of life—the free- 
dom to learn and enrich our experience by the things 
we do. 

So let me start by saying that the young people of 
our country should know that we think the promise 
of our industrial society is greater today than at any 
time in our history. The notion that the days of 
American progress are behind us is nonsense. As we 
get older, we may be tempted to sigh about the good 
old days. But down in our hearts we know, as our 
fathers knew before us, that this is only nostalgia. As 
that 12-year-old I mentioned a moment ago sometimes 
reminds me, “Today is yesterday tomorrow.” 


Promises to Our Young People 


As we fill in the gap between our fathers and our 
children, I think that we who earn our living in the 
management of business and industry must keep vig- 
orously alive three promises to the young people of 
our land—promises that help importantly to shape 
the legacy we must leave—promises expressed not 
soley in words but written in deeds. They are: 

1. We shall keep open the doors of opportunity so 
that the young people of tomorrow will have 
the chance their fathers had to use all their abil- 
ity, courage, willingness to take chances. 

We shall provide conditions in which youth can 
move forward in their constant reaching out for 
something better in life. 


no 








3. We shall set an example of citizenship by con- 
tinually acting with regard to the rights of 
others—with an awareness of the public interest. 

These promises must be written in the language of 
deeds. If, as an Industrial Relations man, I were to 
attempt a report to youth, I think I could make the 
case for our system of democratic capitalism. And, to 
keep my argument from being muddied up by ab- 
stractions, I would talk in specific terms to those of 
our young people who might get the idea that this 
country, like the old gray mare, ain’t what she used 
to be. 

For example, is industry keeping open the door of 
opportunity? 

The answer is yes, in more ways than ever before. 

Let me cite you a few examples. 

Virtually all the great discoveries of resources and 
techniques in American economic and industrial his- 
tory illustrate the individual’s right to persist “in 
being wrong”—provided he is prepared to accept the 
consequences. 


Examples of American Ingenuity 


In 1903, as you know, a farmer’s son with no money 
at all developed in a small shop in Detroit a flimsy 
machine which was later to become the foundation of 
one of the great industrial organizations of our time. 
That young man was Henry Ford. His story, al- 
though it turned out to be one of the most spectacular 
incidents of its kind, was not by any means unique. 

The great oil fields of Kansas were discovered by a 
driller who was supposedly so ignorant of geological 
principles that he did not know the geologists had 
“‘proved”—at least to their own satisfaction—that no 
oil was to be found in the state of Kansas. 

While Thomas Edison was persisting in his at- 
tempts to discover a filament for an electric light, 
internationally-known experts in the electrical field 
attributed his persistence to what they called his 
profound ignorance of electrical principles. They had 
already proved, through logical deductions from nat- 
ural laws, that Edison could not do what he was 
shortly about to do. 

Largely as a result of the continuing freedom of 
opportunity, industry expanded in this country at a 
rate exceeded nowhere else on earth. And as it ex- 
panded, it began to see the dangers of over-centraliza- 
tion—dangers which, by the way, are at the heart of 
Socialism and Communism. 

American business and industry learned with ex- 
perience that management, in large organizations, is 
not a function which can be held tightly by some 
small group at the top. No system of central plan- 
ning—in industry or anywhere else—can match the 
initiative and resourcefulness of a great many people 
who are seeking constantly to work out better ideas, 
better methods and better products. Industry has 
grown more efficient and more productive because it 
has spread the management function widely, drawing 
upon as many individual centers of initiative as pos- 
sible. 

This decentralization of responsibility and author- 
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ity is a dramatic move in the direction of increasing 
opportunity for the individual, and probably no move 
ment in recent years is worthy of more attention. 

Industry believes strongly in the value of keeping 
the door of opportunity wide open. Why? Because 
we have found it works. 


Industry An Educational Force 


Let us take another example. Industry has become 
one of the greatest educational forces in our country 
today. For we have learned that opportunity alone— 
the mere fact that the chances for better jobs exist- 
is often not enough; often it is necessary to help a 
man through training to equip himself for those posi 
tions. If we were able to add together all of the money 
spent for training employees for better jobs, and edu- 
cating them for higher responsibilities, I am sure we 
would discover that industry is in effect a huge uni- 
versity, with an enrollment that would compare re 
spectably with the enrollment in our professional in- 
stitutions of higher learning. Last year, for example, 
at Ford Motor Company alone more than 645,000 
hours were devoted to various kinds of training pro- 
grams. 

No discussion of this particular point should omit 
giving attention to the great amount of time, energy 
and money spent today in the selection of individuals 
for the various jobs and responsibilities. We at Ford, 
like a great many companies, give much attention to 
matching abilities with opportunities. I cannot think 
of any other better way to insure an employee the 
greatest chance for taking advantage of whatever tal- 
ents he may have or acquire. 

Here is another instance. There was a time when 
communication between the heads of great business 
organizations and employees in the offices and shops 
was primitive to say the least—even non-existent. Suc- 
cessful communication in large organizations that 
have 100,000 or more people on the payroll is not 
easily achieved. But there is no question that in- 
dustry has made great strides in its responsibility of 
helping employees to get a better understanding of 
their company and their jobs and thus get a measure 
of satisfaction and a sense of participation that they 
could not have had even ten years ago. Here again 
all the drive is away from the authoritarian concept 
toward the democratic notion that everybody counts. 

I have been making the case here largely on the 
basis of relations between management and employees 
in the modern. business and industrial enterprise. I 
think I could make as good a case by reviewing the 
efforts of most modern corporations toward stimulat- 
‘ng other business enterprises to seize their oppor- 
tunities—new enterprises and old, small ones and big 
ones. 

Big Business Aids Small Business 


Indeed, what may appear to be “big business” is 
really a vast number of small ones working together 
and continually creating opportunities for others with 
initiative and energy. More than 6,000 companies 
supply the Ford Motor Company, for example, and 
our own Purchasing department works closely with 
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nien in these companies, trying to help them help us. 
Ideas are exchanged, new methods worked out, and 
opportunities open to supplier organizations are thus 
expanded. 

Why? Simply because it works best that way—for 
us, as well as for them. 

At the other end of the process we are doing a simi- 
lar job with another group of small businessmen— 
our 7,600 dealers, each one a small independent busi- 
ness in itself. The extent to which any American in- 
dustrial organization of today devotes time, energy 
and money to the education and training of dealers 
would amaze most people. 

I doubt whether any other section of our American 
society has more vigorously fought to keep open the 
door of opportunity and to encourage individual in- 
itiative. Industry really believes in these things and 
is not merely repeating pious phrases. 

I said that business and industry in this country 
also felt a responsibility never to be satisfied with the 
present and that this, too, was a promise to the youth 
of America. 

Do we need evidence on this point? —The competi- 
tive drive for better products at lower costs is evident 
all around us. Even in these days when costs and 
prices have been pushed forward by powerful infla- 
tionary forces, we nevertheless find a great many prod- 
ucts which either do not cost more, relatively speaking, 
or do not cost very much more—especially when we 
examine the improvements which have been made. 

A 1952 automobile, for example, contains at least 
50 items of standard equipment that in 1925 were 
either unknown or were extra-cost accessories. A car 
built in 1925 had an average lifetime mileage of 
50,000 miles. Today’s cars last at least twice that 
long. 

A typical low-priced car in 1925 had a 20-hp engine, 
weighed 1,500 lb and was 11 ft long. Today the same 
make of car has a 110-hp engine, weighs about 3,200 
lb and is more than 16 ft long. The increase in weight 
alone is due to new features which add to the com- 
fort and durability of the car. 


Industry Flexible to Change 


But industry’s case under this heading can be made 
in many other ways. It is one of the amazing charac- 
teristics of the American industrial system that man- 
agement will scrap old methods without the slightest 
hesitation if a change promises a better product or 
lower costs. I find it hard to think of a man less in- 
terested in the status quo than the competitive Ameri- 
can businessman. Why? Because he has to be that 
way unless he wants to “lose his shirt.’"” The Ameri- 
can industrialist who gives only lip service to the idea 
of progress soon vanishes from the scene. He can 
never afford to pass up a chance to substitute the im- 
proved new for the old. It is interesting to note that 
foreign industrialists who came to the United States 
a few years ago to study American methods, found our 
willingness to change one of the most astonishing 
characteristics of our technological system. 

The head of one of the largest producers of start- 
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ing, lighting and ignition equipment outside the 
United States comes to visit us every few years. On 
his latest visit, he told us he had been half inclined 
not t+ make the trip as he did not expect there would 
have been enough change in our methods to make it 
worthwhile. But when he arrived and was shown 
around, he said he was amazed. “Your methods of 
two years ago have been almost completely scrapped,” 
he said. He pointed to a photo mural on one of our 
office walls, and said, “That photo of a production 
operation on ignition equipment has become entirely 
out of date since you put it there a year or so ago. 
You don’t do it that way any more.” 

Here again the promise of American industry to 
the oncoming generation is not words but deeds. 

One of the most interesting evidences of this view- 
point in my opinion is the effort continually made in 
sO Many corporations to get good suggestions or new 
ideas both from men in the shops and from manage- 
ment. Last year, the Ford Motor Company received 
over 28,400 acceptable suggestions from eligible em- 
ployees and nearly 9,000 acceptable proposals from 
members of management. More than $366,000 was 
paid to employees for their suggestions, making a 
total of well over a million dollars paid out since the 
plan was inaugurated in 1947, 

It may interest you to know that no compensation 
is paid out to managers for their suggestions. Both 
they and we consider it as a part of their responsi- 
bilities. 


Industry Seeks Better Methods 


But the important fact here is not the number of 
suggestions, or the amount paid out for them, but the 
insistent urge in the American industrial system to 
find better methods and better products and never to 
be satisfied with the present. On a much larger scale, 
we see that business was willing to invest in new ideas 
and new methods to the extent of 23 billion dollars 
laid out for new or iniproved plants, equipment and 
facilities in 1951. 

Since the end of World War II, Ford Motor Com- 
pany alone has spent or committed over a billion 
dollars for new plants and equipment. 

Perhaps industry's most significant efforts in recent 
years have been to find better ways for people to work 
together. Very substantial gains have been made, I 
believe, in the field of labor relations. A vast amount 
of research has been done in the field of human rela- 
tions—much of it by industry. 

I have suggested that there is a third field in which 
industry recognizes a responsibility to youth and is 
fulfilling its promise by action. I refer to a responsi- 
bility to set an example of good citizenship. 

Many corporations have come to the conclusion, I 
believe, that citizenship is a responsibility not only of 
the individual but of institutions. A corporation has 
duties and responsibilities to match the privileges it 
enjoys in doing business under a system of keen com- 
petition. It must act continually with an awareness 
of the public interest. It has a responsibility not only 
to produce a good product at a fair price but to be- 
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have in such a way that it contributes to the good of 
the nation and each of the communities in which it 
operates. 

The extent to which business and industry generally 
accept this point of view is, I think, reflected in the 
increasing public esteem granted to American indus- 
try today and reflected in the public opinion polls. 


Industry Is Community Minded 


I believe there is every good reason why this should 
be so. All of the constructive activities of business 
and industry which I have been reviewing should con- 
tribute to public confidence. But in addition, corpor- 
ations like Ford Motor Company, for example, are 
taking many other and more specific steps to fulfill 
their responsibilities of citizenship. In all of the 
areas where we have plants, we have set up commit- 
tees to deal with our community responsibilities. We 
accept our proper share of the social obligations of 
the community. 

We encourage our plant managers to take an active 
part in local affairs. We have a continuing plan of 
Open House programs so that the public in each 
community can see at firsthand what we are doing 
and how we operate. There are no “Jron Curtains” 
around American industry. 

Each community relations committee is authorized 
to ensure that Ford Motor Company carries out its 
full citizenship responsibilities in the communities 
where it operates. Here again we are not expressing 
merely a pious sentiment but we are acting on our 
beliefs and have set up organizations to deal with our 
responsibilities. 

There is another example I would like to mention 
to you. Three years ago, Ford Motor Company joined 
in a new plan to raise funds for 126 public service 
and health organizations in the Detroit area. We 
agreed that we would permit a company canvass of 
all our employees, provided all organizations would 
join in the single campaign so that there would be 
only one solicitation. Our own people, with the as- 
sistance of the union, took over the job of organizing 
the campaign within the company. As a result, Ford 
employees gave $807,000 to these organizations as com- 
pared with $490,000 in the preceding year. I offer 
this as evidence of the viewpoint of many industrial 
managers today. 

If I were making a report to youth, I think I would 
offer one more piece of evidence with regard to in- 
dustry’s interest in corporate citizenship, 

We hear a great deal today about the subject of 
public relations. To some people this represents an 
interest on the part of business and industry in com- 
municating its own views to others. I believe that 
this is no more than half the truth. An interest in 
public relations represents not only a desire to be 
understood but also to understand. 

Many of you will remember the story of the Indian 
chief who went to the bank to borrow a large sum of 
money and was asked for collateral—more specifically 
—how many horses he could put up to secure the loan. 
This was a new idea to the Indian chief but the rela- 
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tionship between money and horses gradually became 
clear to him. Some years later when he returned to 
the bank with a large sum of money which he wantec! 
to deposit for safekeeping, it did not seem at al! 
strange to him to look the banker in the eye and as‘: 
him how many horses he had to secure the deposit. 

It seems to me now that when you and I look at 
the record not only of yesteday but of today and study 
the case for American industry and our capitalistic sys- 
tem, we are bound to be very much impressed by the 
number of horses we have. As a matter of fact, | 
think it is very much worth our while to take a look 
at those horses and to count them. Furthermore, it 
seems to me that when anybody proclaims the virtues 
of some other method—Socialism, Communism, gov- 
ernment ownership, or what you will—we have every 
right to ask “How many horses have you got?” 

I think it is a question that must embarrass the 
proponents of these reactionary systems. The devo- 
tion to the common man which we see so warmly ex- 
pressed by so many systems antagonistic to democracy 
is a very touching devotion. But there seems to be 
very little pay-off. The common man receives a great 
deal of sympathy—which is a wonderful thing to 
have—but it seems there is a great gap between the 
promise and the performance. 

It is well to remember that the greatest contribu- 
tion which has ever been made in the history of the 
world to the welfare of the common man was made 
by a thing called the capitalist system. Karl Marx 
himself, more than 100 years ago, paid tribute to 
what he called its “wonders” of production. The 
trouble with Marx was that he then went on to make 
the same mistake as the experts who thought they had 
proved that Edison could not do what he did. Marx 
thought the laws governing the capitalist system were 
as inflexible as the machines it used—and he made 
his predictions accordingly. He did not realize that 
the system, with all its fauits, has an amazing capacity 
to correct those faults—simply because it is a system 
based upon the individual. 

That is still the trouble with the Communists and 
Socialists who persist in following his out-moded 
theories today. They think, for example, that they 
have only to acquire machines like ours in order to 
equal our miracles of production. They are baffled 
by the simple fact that behind those machines are the 
efforts, brains and skill of millions of free individuals, 
each one spurred on by the knowledge that every 
miracle is achieved only to be surpassed. 

If there is one modern, popular phrase which sub- 
stantially describes this process, I think it may be 
“Don’t Fence Me In.” 


American Way Appeals to Courage 


One thing more: perhaps as we think about these 
things, we should remember that our way must ap- 
peal’ to our courage. If we over-emphasize the im- 
portance of protection and security—if we adopt the 
fateful psychology of the Maginot Line, we are licked. 
There is no security except in taking chances, in 
moving ahead, in facing the problems of change, in 
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trying to do new things. The Great Wall of China 
di! not work either. 


rights. To a lot of people this looks like a hard row 
to hoe—more weight than they want to carry. Things 















* if I am asked again why people get taken in by like Communism look easier. 
} Communism—why everybody does not believe in “But the simple truth of the matter is that Democ- 
sk Democracy—I think maybe I can do a much better racy pays. It does more for you than any other system 
job of answering. I think I would say something men have yet been able to devise. Maybe it is a re- 
1 like this: minder that there is no easy way.” 
Ly “Democracy is a great idea. It is not an easy idea. I think our responsibility to youth—and industry’s 
Democracy carries with it a lot of responsibility. It responsibility to youth—is to keep on promoting those 
e js not pie in the sky or a free ride or an easy life. It beliefs among young people not simply by words but 
[ is hard work. It takes gumption and courage. You by deeds—keeping open the doors of opportunity— 
k have to take the hard knocks—the good with the bad. providing conditions in which youth of today and 
it You have to have faith in people. You have to fight the men of tomorrow can move forward toward ever 
25 not only for your own rights but for the other fellow’s better things—setting an example of citizenship. 
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ROLE OF THE RESEARCH FOUNDRY UNIT 


By 


G. A. Lillieqvist* 


Lower cost and improved performance, achieved 
through research, are the parents of the American 
living standard. Every improvement contributing to 
the comfort, ease and convenience of daily life has 
its origin in invention and development. There is 
no alternative, and this holds true for all industries. 

The world’s progress will depend to a great ex- 
tent on developments in research laboratories. Ad- 
vances in living will come through new processes, new 
products and new opportunities achieved through 
research. Without freedom all research, fundamental 
or applied, will falter and progress toward greater 
things will stop. Many words have been used to de- 
fine research, to differentiate between fundamental, 
scientific, applied and industrial research. 

It is not the intention to discuss the merits of the 
several kinds of research. In our industry the meth- 
ods and procedures used to solve problems are not of 
primary concern. The end result is all important. 
However, it must be recognized that all applied or 
industrial research projects originate from funda- 
mental or scientific research. Therefore, both types 
of research are of extreme importance for the con- 
tinued development of new processes and new prod- 
ucts. 

In general, fundamental research is carried out by 
universities and various research foundations, while 
applied industry concentrates upon applied research. 
And now the question arises as to what contributions 
research has made to the foundry industry, and an- 
swering this question leads to our subject “The Role 
of the Research Foundry Unit.” 


Organization 


The officials of the author’s company visualized the 
necessity and the great importance of research in 1926 


*Research Director, American Steel Foundries, East Chicago, 
Indiana. 

Official exchange paper from the American Foundrymen’s 
Society to I.B.F. presented at the 1952 Annual Conference of 
the Institute of British Foundrymen at Buxton, England, June 
10-13, 1952. 


when they made the decision to organize a research 
laboratory. This laboratory was to be utilized mainly 
as a tool for applied research to assist in the advance- 
ment of the steel casting industry from an art to a 
science. 

The organization was very small in the beginning, 
consisting of two technically trained college men and 
a machinist. Today, the organization has grown to 30 
men, of which 11 are college men from various uni- 
versities; and 19 non-technical people, such as machin- 
ists, foundry helpers, chemists and induction furnace 
melters. There is no doubt that the organization will 
continue to expand. 
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Fig. 1—Foundry research organization chart. 


The present organization is illustrated in Fig. 1. 
It is of interest to note that the research director re- 
ports to the vice-president in charge of the manufac- 
turing division, who reports directly to the president 
of the company. The organization is divided into 
three sections; foundry, melting, and cleaning and 
finishing. Each section is directed by a department 
head and two assistants, both of whom are university 
graduates either in chemical or metallurgical engi- 
neering. 

Why is it necessary to have two assistants in such 


§2-25 

















G. A. LiLLIEQVIST 


a small organization? The answer is obvious. Today 
in our industry there is a very real and very serious 
shortage of a precious national resource—researchers. 
To obtain more of them we must train them. To 
maintain leadership no phase of research can be of 
greater importance than the training of young re- 
searchers. 

Another important phase of research is “How to 
utilize research and how the information is given to 
our manufacturing plants.” True enough, reports are 
written and transmitted to the works, but in the auth- 
or’s opinion this is not sufficient. New methods, new 
processes, new applications must be discussed pro 
and con and, as shown in Fig. 1, the organization in- 
cludes a contact mgn at each of the company plants 
with whom the various subjects can be discussed. Sev- 
eral of these contact men have had some of their 
training at the research laboratory. 

The contact man in turn reports the findings to 
the respective works managers and, if favorably re- 
ceived, plant experiments are outlined. The contact 
man coordinates the various experiments and reports 
the results to the respective works manager and the 
research director, who in turn reports the findings to 
the vice-president in charge of the manufacturing 
division. A decision is then made as to whether or 
not the new process should be adopted as standard 
practice. 

The duties of the department heads of the various 
sections are assigned as follows: 


Foundry Department 


—_ 


. New materials for patterns 

. Molding sand mixes 

. Core sand mixes 

Reclamation of sand 

. Core blowers 

. New binding materials 

. Mold and core washes 

. Sand testing 

. Acceptance tests for various materials 
10. Heading and gating 

11. Use of chills, cracking strips, etc. 
12. Pouring of molds. 

13. Setting up quality control charts 
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Melting Department 

. Principles of induction furnace operation 

. Principles of electric furnace operation 

. Principles of open hearth furnace operation 
. Methods of charging 

. Temperature control 

. Deoxidizing practice 

Ladle practice | 

. Pouring temperature control 

. Chemical analysis of steel and other materials 
10. Specifications 

il. Setting up quality control charts 
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Cleaning Department 

1. Removal of gates and heads 
2. Removal of defects 

3. Blasting 









. Welding 

. Grinding 

. All types of heat treatment 

. Physical testing 

. Non-destructive testing 

. Straightening 

10. Investigation of casting failures 
11. Specifications 

12. Setting up quality control charts 
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The list is quite extensive, and it is, of course, human- 
ly impossible to work on all of these subjects at any 
one time. 

Furthermore, many problems arise in a steel casting 
foundry when experiments will have to be made at 
the plant and cannot be carried out in the labora- 
tory; i.e., certain melting and deoxidizing practices 
in larger melting units; gating and heading practices 
for larger contplicated castings; and removal of larger 
defects. The personnel of the research Jaboratory 
must be acquainted with these methods and proced- 
ures in order to be of assistance and make recom- 
mendations to the several plants. 

The various projects are divided into four classi- 
fications. Methods of keeping records of the various 
experiments and of reporting results to the parties 
concerned are shown in the following examples: 


Research Laboratory Projects 
Project I-—Process development 
A—Steel castings 
1—Melting 
2—-Foundry and core 
3—Cleaning and finishing 
4—Inspection 
Project II—Product development 
A—Steel castings 
Project I11I—Service work for plants 
A—Steel castings 
Service failure investigations 
A—Steel castings 








Project IV. 


Preparation of Reports 

1. The heading of each report will include the pro- 

ject number, the title of the project and the 
specific work being reported. 

2. Abstract. 

3. Object of investigation. 

4. Summary and conclusions. 

5. Recommendations. 

6. Details of investigation including discussion of 

the results obtained. 

These reports have been well received because a 
busy man needs only to read the abstracts in order 
to be informed as to what has been accomplished. Of 
course, the contact man and other parties especially 
interested in a particular field read and study the 
complete report. 

During the fiscal year of 1951, from Sept. 1950 
through Sept. 1951, 196 reports were submitted by the 
company’s research laboratory: 109 reports or 55 per 
cent for process development; 55 reports or 28 per 
cent for product development; 24 reports or 12 per 
cent for service work for the various plants; and 8 





Fig. 2—One view of research foundry. 


reports or 5 per cent for service failure investigations. 

The research laboratory is not operated under a 
fixed budget. Apparently, the company managemeni 
believes that the cost of operating the research labora- 
tory is more than offset by the benefits obtained. Ad- 
ditional evidence of willingness to absorb research 
cost is indicated by the substantial moneys recently 
allotted to further expand research facilities, 

One other point which might be of interest, ai- 
though only indirectly related to research, is the 
committee work within the company. Besides the 
various activities of societies such as the American 
Foundrymen’s Society, the Steel Founders’ Society of 
America, American Society for Metals, and American 
Institute of Mining and Metallurgical Engineers, the 
company officials have organized various committees 
within the company. Such committees are the Open 
Hearth Committee; Electric Furnace Committee; Pat- 
tern Standardization Committee; Core Blower Com- 
mittee; and the General Inspection committee, with 
various sub-committees such as x-ray, Magnetic pow- 
der inspection, etc. At least once a year the interested 
parties at the several plants meet and discuss prob- 
lems of mutual interest, relate their experiences, dis- 
cuss research laboratory projects and outline future 
experiments. This work has been of tremendous 
benefit to the company. Top management is very 
encouraged and is vomtemplating additional com- 
mittees. 

Research Laboratory Layout 


Figures 2 and 3 illustrate part of the present re- 
search laboratory layout and equipment. Figure 2 
shows the main shop, in which is located iwo induc- 
tion furnaces, heat treating furnaces, and a completely 
equipped machine shop for the preparation of test 
specimens. Figure 3 is a partial view of the experi- 
mental foundry showing a molding machine, shot- 
blasting equipment, a burning-off machine, and a 
core blower. 

In addition, there is a fully equipped chemical lab- 
oratory, including the latest type of spectroscope, phys- 
ical testing laboratory, microscopic laboratory, and 
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Fig. 3—Another view of research foundry. 


sand testing laboratory. The library includes the 
transactions of the important societies and the various 
trade magazines. 


Process Development 
Temperature Measurement and Fluidity 


In the past few years a tremendous amount of re- 
search work has been done in the United States and 
Great Britain on temperature measurement and its 
influence on the fluidity of steel. It is impossible in 
this discussion to make reference to all the valuable 
papers which have been published, such as that of 
J. F. B. Jackson, Director of Research, British Steel 
Founders’ Association Research and Development Di- 
vision.! 

All foundries of the author’s company—basic open 
hearths, acid or basic electric furnace shops—are 
equipped with immersion types of instruments, plat- 
inum-platinum 10 per cent rhodium, rayotube, or the 
photo-electronic equipment. Superintendents and 
melters rely on such tools to assist in producing a 
quality product. 


Fig. 4—Fluidity test mold assembly. 
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Fig. 5—Fluidity test casting. 


Test procedures and findings for a research labora- 
tory project conducted on temperature measurement 
and steel fluidity will be described. The fluidity test 
mold assembly, made of core molds, is shown in Fig. 
4. 

A 32 gage platinum-platinum 10 per cent rhodium 
thermocouple is inserted at an angle of 45 degrees 
into the pouring cup, and is shielded by a fused 
quartz tube 6 in. long, 4 mm o.p., and 4 mm wall 
thickness. Accurate pouring temperatures can be ob- 
tained by this method if the pouring of the steel is 
continuous for a period of 7 to 12 sec. The resulting 
fluidity test casting is shown in Fig. 5. 

The photograph shows the large reservoir and how 
the steel enters into the downgate and hence into the 
spiral on both sides. This casting weighs approxi- 
mately 90 lb, and the large reservoir has been provided 
in order to control the rate of feeding the spirals. 
Very satisfactory results have been obtained at various 
mold entering temperatures from induction furnace, 
acid electric furnace, and basic open hearth furnace 
steels of the plain carbon steel composition, as shown 
in Fig. 6. 

The highest fluidity was obtained from the acid 
electric furnace steel which had the highest sulphur 
content, namely, 0.040 per cent. In the author's 
opinion, it is clearly demonstrated that, from a prac- 
tical viewpoint, the mold-entering temperature is the 
most important factor in the control of the property 
“fluidity.” Despite all the experiments which have 
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Fig. 6— Effect of melting unit on fluidity of Grade B steel. 
1. Induction furnace steel; 2. Acid electric furnace steei; 


3. Basic open hearth steel. 
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Fig. 7—Temperature of metal in ladle during pouring of 
two Grade B heats with tap temperatures of 2935 F. 





been conducted, it is well known that the foundry- 
men disagree with the metallurgists. he foundry- 
men place emphasis on other factors, the most import- 
ant of which is the rate of pouring the various molds. 
It may be said at this point that the proper pouring 
of a mold is a difficult and most important task, and 
should be given more study. Perhaps some method 
to reduce the human element may be found. 

Some interesting and enlightening experiments 
have been made at one of the basic open hearth plants, 
They determined the temperature of the liquid steel 
in a 30-ton ladle approximately 9 in. above the nozzle 
from the beginning to the end of the pouring opera- 
tion. The curves of Fig. 7 show that the temperature 
of the liquid steel increases at the end of the pour. 

This gave valuable information as it was always 
claimed in the past that light-section castings should 
be poured in the beginning of the heat. Fluidity tests 
as described have also been made at various positions 
of the pouring operation and found to coincide with 
temperature. 

Other valuable information was obtained from ac- 
curate reliable temperature measurements. Figure 8 
illustrates the influence of temperature on misruns 
and cold shuts, and Fig. 9 the effect on sand inclu- 
sions. As expected a low temperature will result in 
misrun castings, and a high temperature in erosion 
and sand inclusions. 
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Fig. 8—Tapping temperature vs percent cold shut and 
misrun castings, 
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Fig. 9—Tapping temperature vs percent defective cast- 
ings due to sand inclusions. 


Factors Affecting Hot Tears in Steel Castings 

Ever since steel castings have been made the prob- 
lem of hot tearing has been encountered, and many 
investigations have been conducted to better under- 
stand and eliminate this defect. Many valuable papers 
have been written on this subject—Hall,? Middleton 
and Protheroe,’ and Briggs and Gezelius,*> to name 
a few. 

The phenomenon of hot tearing in stee! castings is 
indeed very complex as so many factors enter into 
the picture, such as the chemical composition of the 
steel, the mold-entering temperature of the steel and, 
probably most important, the proper adjustment of 
the sand and core mixes. At the present time we 
have studied only the occurrence of external hot tears 
as we believe that they are of greater importance 
than internal hot tears. 

After many investigations to find a suitable test 
casting to evaluate the sensitivity and reproducibility 
of hot tearing, the core assembly shown in Fig. 10 
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Assembly of cores for hot tear test casting. Gating 
system is so arranged that 1 to 4 test castings 
can be poured. 











Fig. 10—Sketch of mold for casting used to evaluate the 
sensitivity and reproducibility of hot tearing. 
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was selected. This casting has a 14-in. wall thickness, 
and an approximate inside diameter of 10 in. Other 
satisfactory test castings may be designed, but for our 
purpose the design selected gave valuable informa- 
tion. 

The as-poured casting weighing approximately 95 
Ib is shown in Fig. 11. The casting is poured through 
the downgate into a fairly large reservoir, the liquid 
steel rising into another gate and then into the ring 
gate, which has four small finger gates which feed 
the casting. 

To obtain the mold entering temperature, a platin- 
um-platinum 10 per cent rhodium therrgocouple was 
inserted into the pouring cup in a manner similar to 
that in the fluidity test experiments. The pads on 
the outside of the casting are 2 in. wide, 14 in. thick, 
and running the entire height of the casting. These 
pads are for the purpose of creating a hot spot at this 
particular location, and are in part responsible for the 
occurrence of hot tears. 

Now the problem of how to evaluate the severity of 
hot tears arises. If, after a severe hot hydrochloric 
acid etching test for 20 min, the casting shows no 
evidence of hot tears or external cracks, the hot-tear 
rating is designated as No. 0. If the casting shows 
slight cracks, as in Fig. 12, the hot tear rating is No. 1. 

The hot-tear rating number is progressively in- 
creased as the cracks become more severe. In other 
words, a hot-tear rating standard has been established 
and serves as a basis of comparison for future evalua- 
tion. This method of evaluation has been extremely 
helpful. With very severe cracks, as shown in Fig. 13, 
the rating is No. 8. 

The important question now arises: “What has 
been accomplished with this test casting?” (Fig. 11). 

During the 2-yr period preceding the writing of 
this report, 60 progress reports have been prepared 
on such factors as chemical composition, deoxidation 
practice, pouring rate, mold-entering temperature, 
variation in core sand mixes, variation in grain size, 
grain shape and grain distribution, and many others. 
The effects of entering temperature and sulphur con- 
tent, and sand mixtures have been selected for dis- 
cussion. 

It is a well-known fact that sulphur in steel in- 
creases the occurrence of hot tears, and this is shown 


Fig. 11—Casting used to evaluate sensitivity and repro- 
ducibility of hot tearing. 
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Fig. 13—Casting showing hot tear rating 8. 


in Fig. 14. At a mold entering temperature of 2800 F 
and a sulphur level of 0.025 per cent, the hot-tear rat- 
ing number is 0 to 1; at a sulphur level of 0.035 per 
cent, it is No. 1. At a level of 0.045 per cent, rating 
number is 3 to 4 and, finally, at the sulphur level of 
0.060 per cent the rating is No. 7. It is of interest to 
note that at an approximate mold-entering tempera- 
ture of 2950 F the hot-tear occurrence decreases very 
sharply, no doubt due to the fact ‘that the cores col- 
lapse very rapidly at these high temperatures. All the 
experiments were made from induction furnace heats 
of plain medium carbon steel of the following nomin- 
al composition: C, 0.27 per cent; Mn, 0.70; Si, 0.40; P, 
0.015; S, as indicated. The deoxidation practice was 
the same in all cases, consisting of 214 lb of aluminum 
and 3 Ib of calcium-manganese-silicon per ton of 
charge. 
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Fig. 14—Relationship between hot tear rating, steel enter- 
ing temperature, and sulphur content. 
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Fig. 15—Effect of three sand mixtures on hot tear occur- 
rence in Grade B steel. 


The other factor, the effect of core sand mixes, on 
the hot-tear occurrence is illustrated in Fig. 15. Core- 
sand mix No. | has the greatest collapsibility and, 
consequently, the lowest hot-tear rating. Core mix 
No. 2 has an intermediate collapsibility and inter- 
mediate hot-tear rating, while mix No. 3, the strong- 
est of the three mixes, has the highest hot-tear rating. 

For comparative purposes core mix No. 2 was used 
for all subsequent work. Such metallurgical and 
foundry factors as are listed below were investigated: 


Metallurgical Factors 

1. Influence of mold-entering temperature. 

2. Influence of C, Mn, Si, Cr, Ni, Mo and combina- 
tions thereof. 

3. Infiuence of phosphorus and sulphur. 

4. Influence of deoxidation practices with small and 
large amounts of aluminum, titanium, selenium, and 
misch metal. 


Foundry Factors 
1. Influence of grain fineness, 
2. Influence ofgrain shape. 
3. Influence of grain distribution. 
4. Influence of various binder additions. 


Use of Proper Welding Electrodes 


In recent years considerable pressure has been ex- 
erted on the steel foundries to use better welding elec- 
trodes. Many customers’ specifications require that 
the weld deposit have approximately the same chem- 
ical analysis and mechanical properties as the parent 
metal. 

It is a difficult matter to match the chemistry of the 
weld deposit with the parent metal, especially in the 
higher carbon ranges. However, satisfactory welding 
electrodes have now been developed which will give 
approximately the same physical properties in the 
weld deposit as in the parent metal. This holds true 
for various heat-treating operations such as normaliz- 
ing and tempering, quenching in liquid media and 
tempering. In order to evaluate various welding elec- 
trodes, a test casting was designed as shown in Fig. 16, 

Tensile test bars and Charpy impact specimens are 
removed as indicated after the appropriate heat treat- 
ment. If the welding electrode meets the properties 
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ure to qualify necessitates the man’s removal from 
welding work. 

Many other experiments are being conducted both 
in the foundries and in the research laboratory, espe- 
cially with regard to the removal of gates, risers, and 
various foundry defects. This problem is nationwide, 
and the Research Committee of the Steel Founders’ 
Society of America undertook an excellent project on 
this subject.® 
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Inspection 





In cooperation with the foundries the research lab- 
oratory has set up radiographic and magnetic powder 
inspection standards for the most important castings, 
such as railroad side frames, couplers, yokes, brake 
beams and bolsters. Such standards are only applic- 
able to long run repetitive work. The castings are 
divided into various zones (zone | is a highly stressed 
area, zone 2 a medium stressed area, and zone 3 a low 
stressed area). Zone 1 must meet the highest stand- 
ard, must be entirely free of internal and external 
cracks, and only small amounts of lack of fusion, por- 
T YN KF I .  osity, sand inclusions and shrinkage are permitted. 
as ee These standards have been set up by correlating 

tr? data obtained through many years’ experience in test- 
ing castings statically, dynamically and in service. 

The research laboratory is searching for a more 
positive and quicker method of magnetic powder in- 
spection of unmachined castings. The use of copper 
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Fig. 16—Sketch of casting used to evaluate various weld- 
ing electrodes. ; 


with a sufficiently large factor of safety, it is recom- 
mended to the foundries where further experiments 
are carried out. Should the welding rod be satisfac- 
tory at all the plants, this rod will be adopted as 
standard. Only lime-ferritic or low hydrogen-con- 
taining welding electrodes are being considered, both 
for the D.C. and A.C, welding machines. 
Incidentally, the same test casting is being used for 
qualification tests of individual welders. Before a 
welder is permitted to work on critical sections of a 
casting, he must produce a weld ® the test casting 
which meets a radiographic standard as well as the 
required physical properties. Should he fail to meet 


prods for magnetic powder inspection is being dis- 
couraged due to the fact that at the point of contact 
of the copper prod a small hardened area will be 
obtained which might develop into small cracks. 

Other methods of inspection are being investigated, 
such as the magnetic coil method, fluorescent pene- 
trant, and others. The use of dye check, etching tests 
and ultrasonic testing methods are continuously under 
consideration. 

New Development 


Cast Steels with Higher Physical Properties 
In the past few years British research has done a 


the requirements, he will be given another test. Fail- great deal of work in the use of cerium in order to 


TABLE 1—NORMALIZED RESULTS 





Red. of 
Area % Rt 


Charpy, Ft. Ib. Composition, % 
—40 F C Mn Si 


Special, Yield, 
Addition psi 


Tensile, Elong., 
psi % 





No Rare Earth 45300 75800 30.4 52.7 35.9 11.8 .26 .70 A5 
Rare Earth 45900 76100 30.6 56.3 48.0 15.8 

No Rare Earth 55800 93600 24.1 37.8 19.5 7.8 
Rare Earth 58000 94200 25.4 45.4 23.4 9.4 

No Rare Earth 63800 93400 27.9 55.3 46.8 18.1 
Rare Farth 64100 95400 28.9 60.6 52.5 23.1 





TABLE 2—-QUENCHED AND TEMPERED RESULTS 





Red. of Charpy, Ft. Ib. Composition, % 


Special 
Area % Rt —40 F Cc Mn Si 


Yield, Tensile, Elong., 
Addition psi , 


psi % 





No Rare Earth 81200 104900 18.3 46.5 $3.3 5. .26 .70 45 
Rare Earth 81000 103900 20.2 50.8 42.5 ; 

No Rare Earth 118200 126500 16.2 38.2 27.8 3. 30 1.60 45 
Rare Earth 117300 125800 18.2 47.1 42.5 

No Rare Earth 136800 154800 11.5 30.5 17.0 i. 43 70 A5 


Rare Earth 140800 158000 15.2 44.6 27.8 
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irmprove the properties of cast iron, and has suc- 
cccded in developing the ductile or spheroidal cast 
iron. This work has been followed with great interest 
in the United States, and is now in limited commer- 
cial use, except that magnesium and various mag- 
nesium alloys have been substituted for cerium. 

The steel casting industry became very much in- 
terested in these magnesium alloy additions for de- 
oxidation purposes and started some experiments. It 
soon became apparent that these alloys due to exces- 
sive “fireworks” were too hazardous in the steel found- 
ry. The magnesium content in the alloys had to be 
lowered to a maximum of 6 per cent, and no bene- 
ficial effects were obtained. Therefore, it was decided 
to experiment with cerium and misch metal, gen- 
erally known as rare earth elements. 

In Table 1 the physical properties and the Charpy 
impact values at room temperature and at —40 F 
are tabulated in the normalized condition with and 
without the rare earth element additions toa (1) low 
plain carbon steel (C, 0.26; Mn, 0.70), (2) a medium 
carbon steel (C, 0.40; Mn, 0.70), and (3) an inter- 
mediate manganese steel (C, 0.30; Mn, 1.60). 


Ductility and Charpy impact values of these steels 
were improved both at room and subnormal tempera- 
tures. 

Table 2 shows the same steels in the quenched and 
tempered condition. Again the same properties are 
increased to a considerable degree. The steels were 
made in a basic lined induction furnace, deoxidized in 
the regular manner with aluminum and calcium-sili- 
con, followed with additions of 2 lb of misch metal 
per ton of charge. Misch metals contain 15 different 
rare earth elements such as cerium, lanthanum, prase- 
odymium, neodymium, samarium and all the other 
rare earth elements which are listed in the chemical 
periodicals. 

Certain changes can be observed under the micro- 
scope which, no doubt, are partly responsible for the 
superior physical properties. In Fig. 17 the type of 
the inclusions are shown from a steel made with and 
without the additions of rare earth elements, photo- 
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No rare earths added. Rare earths added. 


Normalized 1.66 Mn Steel 


Fig. 18—Photomicrographs of normalized steel castings. 
100x. 


micrograph “A’’ representing the steel without the 
special additions, and “B” with the additions. 

Steel “A” contains Type III or the crystalline in- 
clusions, while steel “B” has Type I or the round in- 
clusions. It is well known that if cast steels have pre- 
dominately Type I inclusions superior properties are 
obtained. However, we do not believe that this 
change in non-metallics is entirely responsible for 
the remarkable increase in the ductility and impact 
values. 

In Fig. 18 the same steels, after a normalizing treat- 
ment, are shown in the etched condition. No signi- 
ficant difference man be observed, and this holds true 
for the normalized and quenched and tempered steels. 

Further research studies were made with these 
steels, especially to determine their relative influence 
on fluidity and hot tearing. Figure 19 shows the 
fluidity curves at various mold-entering temperatures. 
The fluidity of the steel treated with rare earth ele- 
ments is increased, especially at the low mold-entering 
temperatures. 

Figure 20 shows the influence of rare earth ele- 


‘ments on the occurrence of hot tears as determined 


by the specially designed test casting. The lower hot 
tear rating with the addition of rare earth elements 
probably is due in part to the change from Type III 
to Type I inclusions. 

It is indeed a very promising and interesting field 
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Crystalline Inclusions 


Fig. 17—LIllustration of two 


B 
Round Duplex Inclusions 


types of inclusions. 250x. 
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Fig. 19—Effect of mischmetal on fluidity of intermediate 
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Fig. 2U0-—Hot tear occurrence in Grade B steel containing 
0.035 pct sulphur with and without rare earths added. 


for further research. What changes occur to the gases 
in the steel with these additions? What changes oc- 
cur to the sulphur in the steel? While all the reasons 
are not yet established, several processing applica- 
tions for cast steel treated with such additives are 
known. 


New Deoxidizers and Desulphurizers 


It would be of great benefit to the steel casting in- 
dustry and especially to the acid open hearth and 
the acid electric furnace steel producers if some alloy 
could be developed which would act both as an ef- 
ficient deoxidizer and desulphurizer. This problem 
has been under consideration for many years, but no 
entirely satisfactory solution has been found. How- 
ever, progress has been made and there is no doubt 
that such an alloy for the purpose intended will be 
commercially available to the industry in the not too 
distant future. Various encouraging experiments have 
been made with sodium additions, but due to the 
hazarc involved in introducing it into the liquid 
steel more experimental work. is necessary. Another 
alloy in various combinations which has exhibited 
great promise is calcium-manganese-aluminum. A 
typical alloy with which we had some success both 
in basic and acid practices had the following approxi- 
mate chemical analysis: Ca, 20 per cent; Si, 45; Al, 
12. A decrease of approximately 5 points in the 
sulphur content is being obtained with this alloy 
combination. Perhaps by increasing the calcium and 
lowering the silicon content a greater sulphur elimin- 
ation can be obtained. In cooperation with the alloy 
producers further work is coniemplated, and it is 
hoped that by greater sulphur reduction higher physi- 
cal properties and fewer occurrences of hot tears may 
result. 


The “C” or Shell Molding Process 


Since World War II considerable . experimental 
work has been done to develop the “C” process named 
after Croning of Hamburg, Germany. There is no 
doubt that this process has tremendous merits, not 
only from the standpoint of economy, but also from 
that of casting quality, and every effort should be 
made to increase the research activities on it. It has 
been reported that in the non-ferrous as well as in 
the gray iron and high alloy casting industry, con- 
siderable progress has been made. 
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Fig. 21—Photo of shell core. 


The research laboratory has experimented with this 
process for approximately 214 years. All of the ex- 
periments were made with induction furnace heats 
of plain medium carbon steels, deoxidized in the 
standard manner with aluminum and calcium-man- 
ganese-silicon. The shell core used in the experiments 
is shown in Fig. 21. 

This core is the same as that being used for the 
center core in the hot-tear experiments. No difficul- 
ties were encountered in producing the cores when ap- 
proximately 6 per cent of the special phenolic resins 
were used. The cores were smooth and strong and 
had sufficient permeability. 

However, after the casting had been produced sec- 
tions were removed and etched in hot muriatic acid. 
Upon examination small defects were encountered, 
as illustrated in Fig. 22. These defects are small blow- 
holes and are surrounded by steel high in carbon 
content as detected by a microscopic examination. 
This carbon “pick up”’ is, no doubt, due to a hydro- 
carbon evolution from the phenolic resin which will 
carburize the steel. This undesirable condition is 
shown in Fig. 23. 

Many different phenolic resins have been tried, but 
in all cases the same results were obtained. It is im- 
possible to relate all the experiments, but to the 
present no successful results have been obtained. The 
search of other materials to develop this promising 


Fig. 22—-Photo showing defects on surface of casting. 
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Fig. 23—Mag. 100x. 


method of producing cores is continued. In this con- 
nection the author was greatly interested in the re- 
port and recommendations of Sub-Committee T-S. 
30 of I.B.F. Technical Council on the subject of 
“Synthetic Resins in the Foundry.’’? 

During the past few years many experiments on 
the use of phenolic resins have been conducted in the 
company foundries. Few difficulties have been en- 
countered, and approximately 75 per cent of the cores 
are made by using phenolic resins. It is more eco- 
nomical because the baking cycles have been short- 
ened and casting quality has not suffered. It is simple 
to determine if a core has been underbaked as it is 
only necessary to drive out the moisture during the 
baking operation. In oil-bonded cores it is impossible 
to determine when the core is properly baked. Even 
though the moisture of the core has been eliminated, 
the oil must be polymerized or oxidized to a certain 
degree in order to obtain a satisfactory core. 


Service Work for Plants 


Carbon “Pick Up” from Cores 

As in all steel foundries, certain difficulties sud- 
denly arise, in many cases for unexplainable reasons. 
Management, foundrymen and metallurgists strive to 
find the cause and to correct the conditions. Occa- 
sionally a man from the research laboratory organi- 
zation is delegated to determine the cause and rem- 
edy. This is termed “service work for plants.” 

Not long ago machining difficulties were encount- 
ered due to hard spots on the castings. The castings 
were made in a low carbon steel and should have 
been entirely satisfactory. A section containing the 
hard spots was removed and microscopically investi- 
gated. Surprisingly, a small layer of higher carbon 
content was observed directly at the surface, and this 
was considered as responsible for the machining dif- 
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Fig. 24 (Left)—Carbon pickup, and Fig. 25 (Right)—No 
carbon pickup. 100x. 


ficulties. This carbon “pick up” at the surface is 
shown in Fig. 24. 

The core mix in this area was then investigated 
and found te be responsible for the increase in the 
carbon content. The core mix was changed by elim- 
inating some of the organic binders and the unde- 
sirable condition was corrected, as shown in Fig. 25. 


Service Failure Investigations 


It is well known that in all foundries, and in fact 
in all industries, something occasionally goes wrong. 
In this company service failures are minimized as 
much as possible through better design, service test- 
ing, and the use of statistical quality control. Should 
a casting failure occur an investigation is welcomed 
as it often presents new ideas for further research 
work, 
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RISERING CASTINGS 


A PROGRESS 
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Summarizing recent work on scientific risering, this Official 
Exchange Paper from A.F.S. to the 1951 International Foundry 
Congress applies to all metals even though the illustrations are 
for steel. Difficulties with the use of closely spaced risers required 
to meet feeding distances are discussed. Methods are advanced 
to overcome these difficulties and to enable the foundry to pro- 
duce castings free from. dispersed shrinkage with the minimum 
number of reasonably sized risers and an acceptable yield. 


=" Three years ago the writer presented an exchange 
paper before the French Foundryman’s Association on 
risering', in which he attempted to formulize and 
coliect all available data on the science of risering. It 
was significant that the science of risering was less than 
five years old. Until that time, risering of castings was 
an art. A study of the earlier literature will uncover 
many papers and articles describing risering of indi- 
vidual castings and risering “tricks”, but none on the 
fundamentals of risering. 

The last three years have been even more produc- 
tive and, therefore, a progress report is in order. Many 
of the blanks have been filled, especially those con- 
cerning riser spacing and temperature gradients re- 
quired to obtain solidity in uniform sections of cast 
steel. In the previous paper the writer was only able to 
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Fig. 1 . .. Basic risering system show- 
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formulize riser positioning. Now, it is possible to dis- 
cuss this phase of risering quantitatively. 

The work of Messrs. Pellini, Bishop, Brandt, Dun- 
phy, Myskowski and staff of the United States Naval 
Research Laborz.ory has, during the past few years, 
done much to advance the science of risering. This 
work is so outstanding as to warrant special mention. 
Fortunately this work is basic, so it can be applied to 
all types and sizes of castings. Because it is basic it can- 
not be applied directly to production castings but 
must be interpreted. The writer hopes to do some of 
this interpretation in this paper. 

At present this work is farther advanced for steel 
than for other metals. It is only a question of time 
before similar data are forthcoming for the others. 

As the paper referred to in the first paragraph has 
been published in France, England, and the United 
States, little space will be devoted to its review. The 
two most important points can be summarized by Fig. 
1 for riser positioning, Equation | and Fig. 2 for riser 
dimensioning. It must be emphasized and reempha- 
sized that all risering must be divided into these :wo 
phases, positioning and dimensioning. An equally im- 
portant corollary is that shrinkaze at the riser-casting 
junction must be differentiated from shrinkage in the 
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ing shrinkage under the riser due to 
insufficient riser, and solidity with cor- 
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rect riser size. Since heavy sections 
are joined by lighter sections that 
freeze off and isolate the heavy sec- 
tions at an early stage of solidification, 
each heavy section can be risered as 
an individual casting. Two types of 
shrinkage—at and away from the riser 
—are shown here. 
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Fig. 2. . . Basic risering equation for 














1.8 BASIC RISERING EQUATION: 
Aa 

1.6 wag eet 

+ x= FREEZING RATIO 














y=RISER VOLUME /CASTING VOLUME 
1.2 G=FREEZING CHARACTERISTICS CONSTANT 
b=LIQUID-SOLID SOLIDIFICATION CONTRACTION 


dimensioning risers. Curve does not 
include any factor of safety; factor 
can be included by adding whatever 
amount is desired to constant c in the 
equation. For example, a factor of 5 
per cent should be enough for steel. 
Curve does compensate for chills. 
When chills are used, the surface area 
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- in contact with them is multiplied by 


a factor which approaches 5 as full 





coverage of the section is approached. 
This will decrease riser size. 
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casting away from this junction. Unless these two 
phases of risering and modes of shrinkage are differen- 
tiated, there will be continual confusion of thought. 

Figure 1 formulizes the basic risering system, a num- 
ber of relatively heavy sections joined by lighter 
sections that freeze off and isolate the heavy sections at 
an early stage of solidification. Therefore, each of the 
heavy sections can be risered as an individual casting, 
according to Fig. 2. The two types of shrinkage, at and 
away from the riser, are illustrated in Fig. 1. Steel has 
been selected for illustrative purposes and clarity. It 
cannot be emphasized too strongly that all metals be- 
have the same on solidification: they contract. The 
difference is one of degree, not kind. 

This point is not appreciated by many foundrymen, 
especially those in the iron and non-ferrous fields. 
Voids caused by solidification contraction are, in many 
of these alloys, dispersed to almost microscopic size. 
So called “open grain” in the cast iron is a typical ex- 
ample. True, many times this “open grain” is due to 
too high carbon content. Many times it is due to the 
same type of shrinkage shown as a definite shrinkage 
cavity in Fig. 1, except that the shrinkage cavity is 
dispersed into many millions of tiny cavities. 

The reader can imagine the confusion resulting 
from trying to eliminate “open grain” due to solidifi- 
cation shrinkage by minor changes in metal composi- 
tion. An actual experience may be illustrative. A cer- 
tain iron foundry had been making a bushing-like 
casting for years, when all of a sudden the majority 
of castings were rejected for open grain. Frantic efforts 
changing the metal analysis and melting practice were 
unavailing. Sand and gating changes did not eliminate 
the trouble. 

Finally, in desperation an adequate riser was used 
and the trouble disappeared. Why did the trouble 
show up after thousands of castings had been satis- 
factory with the old risering set up? After the reason 
was found the explanation was simple. The user of the 
castings had installed new high speed machining equip- 
ment for higher production. The smoother, almost 
polished machine surfaces resulting from these higher 
machining speeds made the small shrinkage voids vis- 
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ible. The older machines gave such a rough machined 
surface that it obscured these tiny voids. 

A minor mystery that has intrigued the iron 
foundryman for years can possibly be explained by 
this concept of dispersed shrinkage. Womochel and 
Sigerfoos? reported years ago the difference in shrink- 
age characteristics of iron as influenced by the mold- 


‘ing sand. Taylor and Schmidt*® have checked these 


findings and in doing so made a significant observa- 
tion. The density of the iron in the sound areas of 
those castings showing definite shrinkage voids was 
higher than the density of the iron in those castings 
that were visually sound. As was discussed in reference 
1, metals with low solidification shrinkage such as iron 
are quite sensitive to minor variations in rates of heat 
extraction and thermal gradients. Could it be that a 
change in rate of heat extraction and skin formation 
due to sand would cause dispersed shrinkage in one 
case, concentrated shrinkage in another? 

Therefore, the reader should not dismiss the overall 
picture of solidification shrinkage, simply because the 
particular cavities illustrated in this paper for steel do 
not look exactly like those shown by his metals. A sim- 
ilar warning should be made regarding the risers 
shown. Top open risers are shown, simply for clarity 
of presentation. Side blind, top blind, side open, either 
with or without necked down cores can be used. There 
is no change in fundamentals, only a difference in 
such details as shape and location of the shrinkage 
cavity or cavities (if any), change in riser size, etc. 

Space does not permit a detailed discussion of Fig. 2, 
or details as to the derivation of Equation 1. This has 
been covered in reference 1. 


Risering Uniform Sections 

The uncertainty in Fig. 1 lies in the dispersed 
shrinkage in the uniform section and in riser position- 
ing to eliminate it. This type of shrinkage seems 
to be common to all metals. Even steel that shows 
definite shrinkage voids at hot spots and junctions of 
sections is prone to this dispersed shrinkage in uniform 
sections. The approach of the steel foundryman has 
been to promote directional solidification, or use 
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closely spaced risers, not to blame it onto sand, metal 
analysis, gas, and other mysterious phenomena. All 
foundrymen would do well to consider this approach. 

Tapering the section to promote directional solidi- 
fication as discussed in reference 1 for steel is one 
method of eliminating dispersed shrinkage. Usually 
the tapering or padding required is prohibitively ex- 
pensive, especially if the padding must be removed. 
Therefore, the usual approach of the steel foundry- 


man to eliminate dispersed shrinkage in uniform, 


sections has been closely spaced risers. Until very re- 
cently this type of riser positioning has been a matter 
of guesswork and has caused quite a bit of trouble. 

The uniform single risered sections illustrated in 
Fig. 3 are simply variants of the basic risering system 
of Fig. 1 in which one heavy section has been removed, 
the other replaced and changed slightly to make it a 
riser. The question, unanswered until recently, is: 
How far can a given steel section be fed sound with a 
single riser? Figure 3 summarizes the work of the staff 
of the Naval Research Laboratory on this subject *5. 
The criterion of soundness used by the Naval Research 
Laboratory is radiographic soundness to 114 per cent 
sensitivity of 4 and % in. (1.28 and 0.65 am) sections 
taken from the center of the cast section. This insures 
no voids in the metal whose greatest dimension ex- 
ceeds 0.0075 in. (0.2 mm). 

It was found that feeding distance is a function of 
section thickness (T). This function varies with the 
geometry of the section. Semicircular and circular 
plate-like castings were studied in 14, 1, 114 and 2 in. 
(1.28 to 5.1 cm) thicknesses. Square bars investigated 
varied in size from 2 to 8 in. (5.1 to 20.3 cm). The di- 
mensions of the rectangular sections are in Fig. 3. 

Figure 4 summarizes the findings of the Naval Re- 
search Laboratory on the effect of gate position and 
multiple risers. The criterion of soundness is the same 
as for the single risered castings in Fig. 3. It is quite 
surprising that the position of the gate is not impor- 
tant. However, it should be emphasized that this state- 
ment may only apply to short feeding distances and 
closely spaced risers. If feeding distances are increased 
above those shown in Fig. 4, it is quite probable that 
gate position and metal flow will become important. 
Temperature gradients seem to determine solidity as 
far as dispersed shrinkage in uniform sections is con- 
cerned. Therefore, the position should be highly in- 
fluential. This phase of risering will be discussed later. 

The temperature gradients influential in Fig. 3 and 
4 are those of the end of the casting and the riser. It 
was found that the casting end was sound for a distance 
of 21% times the section thickness (214T). The tem- 
perature gradient due to the riser contributed sound- 
ness for a distance of 2T, when the section was sound 
thruout. Therefore a single risered section, whether 
fed from the end or from the center, can be fed sound 
in steel for a distance of 414 T. However, if the sec- 
tion is fed by two risers, one at each end of the casting 
section, there is no end effect and the distance between 
risers can only be 4T (2T for each riser). 

The feeding distances shown in Fig. 3 and 4 are the 
maximum sizes or lengths that can be fed sound in 
steel. If these dimensions are exceeded, dispersed 
shrinkage will first be found close to the riser, as has 
been shown in reference 4. As the feeding distance is 
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increased further, the length of the area showing dis- 
persed shrinkage becomes longer. The size of the 
dispersed shrinkage voids seems to increase more slowly. 

May it again be emphasized that all metals will show 
a relation between dispersed shrinkage away from the 
riser and feeding distance as illustrated in Fig. 3 and 
4 for steel. Perhaps in some cases the feeding distance 
will be much greater, but in most metal there will be 
a relation, differing from the steel relation in degree 
certainly, but just as certainly not differing in kind. 

This dispersed shrinkage in steel occurring close to 
the riser when the feeding distance is exceeded is not 
affected by riser size, at least under the conditions 
studied so far. The volume-freezing ratio points for 
the individual castings in reference 4 are plotted in 
Fig. 5. The points differentiate shrinkage and solid- 
ity away from the riser, not at the riser-casting junc- 
tion. As can be seen, there is no relation at all between 
shrinkage away from the riser, riser size, or the line 
differentiating shrinkage and solidity at the riser- 
casting junction. This is true for even extreme differ- 
ences in riser size and freezing ratio. 

For example, one casting was solid with a riser vol- 
ume of only 24 per cent of the casting volume 
(V, 0.24; FR, 1.48). Another showed dispersed shrink- 
age with a riser volume 320 per cent of the casting 
(V, 3.20; FR, 2.76). Each group of ascending points in 
Fig. 5 represents a given section made with the same 
riser, or risers, varying the length, or feeding distance. 
Each group shows both solid castings and those with 
dispersed shrinkage regardless of its position. 

It must be emphasized that the feeding distances 
plotted in Fig. 5 are mostly for risers with a riser con- 
tact equal to the full diameter of the riser. There are 
two exceptions, the semicircular plates in Fig. 3 and 
the casting fed vertically in Fig. 4. All the castings in 
these two groups were fed with risers whose volume 
exceeded 100 per cent of the casting volume (riser vol- 
ume/casting volume over 1.0). This point may be im- 
portant. 

Brinson and Duma® have shown that when steel 
castings are fed through necked down cores, the occur- 
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rence of a type of shrinkage resembling centerline dis- 
persed shrinkage is dependent on the length of section 
to be fed. At a feeding distance of 1T, the opening in 
the necked down core between the riser and casting 
can be relatively small and the core thickness can ex- 
ceed 14 in. (1.28 cm). An increase in feeding distance 
to only 2T will result in shrinkage immediately below 
the reduced neck between casting and riser. Increasing 
the feeding distance accentuates this shrinkage. 

Perhaps the type of shrinkage studied in reference 6 
is not related to dispersed shrinkage as discussed in 
this paper. Perhaps it is. If it is only remotely related 
to dispersed shrinkage, the wide variation in shrink- 
age encountered by Brinson and Duma points to con- 
tact area of the riser as being a major variable in 
feeding distance. This phase of risering has not been 
investigated. It is so important that it should be 
placed first on the agenda of future investigations. 

If the points discussed in the previous paragraphs 
are accepted, they must change the thinking of the 
majority of steel foundrymen on two important 
points: 

(1) Increasing the riser size with an adequate con- 

tact will eliminate or decrease dispersed shrinkage 

away from the riser. 

(2) There is an area of sound metal close to the 

riser, regardless of length and size of casting. 
Both of these misconceptions have led to instances of 
extreme over-risering and very low yields. 

The feeding distances of steel risers shown in Fig. 3 
and 4 are disappointingly short, especially when more 
than one riser must be used to feed a uniform section. 
This brings up the question: Is maximum solidity, 
as determined by riser spacing as in Fig. 3 and 4, re- 
quired? On highly machined, highly stressed castings 
such as cut tooth gears, the answer must be yes, for 
such castings are being made today with riser spacing 
approaching those of Fig. 3 and 4. Riser spacing much 
in excess of that shown in Fig. 4 will result in scrap 
castings. 

However, there have been too many millions of steel 
castings that have performed satisfactorily in the past, 
fed with more widely spaced risers, to discard past 
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risering practices. The question boils down to: What 
mechanical properties can be expected with various 
degrees of solidity as far as dispersed shrinkage is con- 
cerned? It will be many years before this question can 
be answered with any degree of certainty. The first 
point that must be settled is what tests are to be used 
to evaluate servicability. The test now used almost 
universally is the tension test. This test is probably the 
most sensitive test for dispersed shrinkage. An appre- 
ciable decrease in reduction of area is experienced in 
1 in. (2.5 cm) steel sections when the feeding distance 
is as short at 3T. 

There are many objections to the tension test as 
an evaluating test from the designer’s point of view. 
The writer has conducted what might be called a 
one-man crusade about these objections **® and has 
proven, at least to his satisfaction, that this test is 
meaningless as far as evaluating serviceability. This is 
particularly true for the elongation and reduction of 
area components. The two tensile properties that do 
have meaning in design are yield point, or elastic 
limit, and modulus of elasticity. Both of these tensile 
properties are not affected by even gross rounded dis- 
continuities® and all evidence to date shows that they 
are not affected by dispersed shrinkage in steel to a 
degree found in even unfed sections. 

There are no formal data on the effect of dispersed 
shrinkage on notched impact strength or fatigue 
strength, two tests that do have meaning in evaluating 
servicability. There are service data. What better test 
for resistance to shock loading can be found than the 
railroad coupler? Consider the impact load that these 
castings must transmit when a 100-car train starts up 
by “taking the slack out of the couplers” and jerking 
the cars forward. Many thousands of these castings 
have performed satisfactorily at temperatures as low 
as —40 F. Such castings contain dispersed shrinkage and 
perform satisfactorily without excessive safety factor. 

At least one important blank needs filling—the ef- 
fect of dispersed shrinkage on fatigue strength. The 
only published work on this subject tliat the writer 
can find is that of Sims!° in which no difference could 
be found in the fatigue strength of specimens cut from 
forged and centrifugally cast airplane cylinder barrels. 
Service evidence indicates no great effect, for again 
there have been too many cast parts that have per- 
formed satisfactorily under high fatigue stresses. For- 
mal proof would be advantageous. 

The feeding distance ratios given in Fig. 3 and 4 
are important, regardless of the values given them. 
Even though greater distances are used for most cast- 
ings, why not rationalize these feeding distances? If 4T 
between multiple risers is not necessary, why not use 
6T, 8T, 10T, or whatever value produces acceptable 
castings? Such a system will eliminate many of the 
production difficulties that are now thought to be 
mysteries. If it is safe to extrapolate the values in Fig. 
3 and 4 to sections larger than 2 in. (5.1 cm), it will 
be found that many thick sections are now over-risered 
and that fewer risers than are now being used will feed 
these sections sound. 


Temperature Gradients 


Even though present evidence indicates that dis- 
persed shrinkage is not too harmful when present in 
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castings subject to normal design stresses, there are 
classes of castings that need to be made with closely 
spaced risers, if for no other reason than appearance. 
On the other hand, there is evidence that the critical 
areas of steel castings designed to low factors of safety 
and used at tensile strengths exceeding 120,000 psi 
must be cast at least as sound as the castings shown in 
Fig. 3 and 4. The question is how to obtain this de- 
gree of solidity economically. 

Additional work by the Naval Research Laboratory 
points to a solution. The investigations of references 
4 and 5 show that if the temperature gradients in 
plate-like sections of steel exceed 1-2 F per inch (0.22 
-0.44 C per cm) no dispersed shrinkage is found. The 
temperature gradients of square sections need to be 
greater, 7-12 F per inch (1.54-2.64 C per cm) to obtain 
the same degree of solidity. Here is the first quantita- 
tive data as to what temperature gradients are required 
to obtain this much-discussed directional solidification 
that is required. 

This same group of investigators has also contribu- 
ted information on the effect of chills on temperature 
gradients on solidifying cast steel". They find that an 
adequate chill, one of sufficient thickness to extract 
heat until final solidification, will extend thermal 
gradients for longer distances into the casting (unpub- 
lished work by N.R.L.). If a temperature gradient of 
only 1-2 F per inch is required to produce sound plate- 
like sections in steel, it should not be difficult to set 
up this temperature gradient for longer distances by 
the use of strategically placed chills. For that matter, 
it should be possible to extend such a small gradient 
by gating and proper metal flow. A gradient of 7-12 F 
per inch will be more difficult to achieve, but is within 
the possibilities of chills. An important gap in this 
knowledge is the temperature gradient required for 
solidity at junctions of sections. 

Much of the basic information is now at hand to 
not only riser uniform sections of cast steel to the solid- 
ity required for the most severe inspection, but also to 
produce this solidity without the use of excessive risers. 
A start has been made on other metals. The thermal 
behavior of cast iron has been studied? and these data 
can be applied to dispersed shrinkage problems in iron, 
just as similar work has been applied for steel. 


Riser Dimensions 


The use of closely spaced risers to obtain the min- 
imum amount of dispersed shrinkage creates problems 
in riser dimensioning that were not discussed in ref- 
erence 1. In fact, they were not even thought of at that 
time. Probably the greatest difficulty is the seeming in- 
ability to obtain proper feeding efficiency when riser- 
ing with feeding distances approaching those shown in 
Fig. 3 and 4. The reason is not any mysterious change 
in solidification characteristics, but a decided change 
in the surface area-volume relation as the length de- 
creases. This is particularly important with multiple 
risered castings, especially circular shapes and rings. 
There is no end surface area to promote gradients with 
these shapes. When the length dimension is decreased, 
the decrease in surface area through which heat is dis- 
sipated is surprisingly large. 

This effect is shown in Fig. 6. In this chart the riser 
volume required to feed the casting, or part of the 
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casting, is plotted against length (expressed as a func- 
tion of thickness for various section ratios from 1:1 to 
1:3. The riser volume is expressed as a fraction of the 
casting volume. Two series are plotted, one for single 
risered castings when the end surface areas are effective 
in dissipating heat, one for multiple risered castings 
when there is no end surface area effective insofar as 
heat dissipation is concerned. 

The expected increase in riser size required due to 
increased mass of section to be fed (width times thick- 
ness) is overshadowed by the increase in riser size re- 
quired as the length decreases, as it must with closely 
spaced risers. Quite unexpected is the sharper rate of 
increase as the section size decreases. Small sections need 
larger closely spaced risers in relation to the casting 
volume than do the larger sections. When the distance 
between risers becomes less than 4T it will be found 
that the only riser that will feed a ring-like section is 
a continuous riser. 


Complicating Factor 


Another complicating factor when risering casting 
shapes such as gear rims is the restriction in heat dis- 
sipation at the T-shaped junction of web and rim. This 
restriction to heat flow into the sand increases as the 
distance from the hub to the rim decreases, until finally 
the surface area of the inner surface of the rim is no 
longer effective and cannot be included in the surface 
area-volume calculations. Nothing quantitative is 
known at present regarding this important phase of 
riser dimensioning. Experience has shown that a small 
core surrounded by a large mass of metal extracts so 
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Fig. 5... This graph clearly demonstrates the independ- 
ence of dispersed shrinkage to riser size. 
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Fig. 6 . . . This graph shows the effect of end surface 
area on the required riser volume. 


little heat that the surface area of such cores should 
not be included in the surface area-volume calcula- 
tions. 

In the case of the gear rim, only a fraction of the 
surface area of the inner surface of the rim will be 
omitted as ineffective. What this fraction should be 
cannot be estimated at present. However, it is impor- 
tant. If conditions are such that only half the inner 
surface is effective in heat transfer, it will be found 
that the riser size need be about doubled for closely 
spaced risers, spaced 4T to 5T apart. 

Two possible solutions are available to the problem 
of producing sound uniform sections with a minimum 
number of risers and high yield. Although the follow- 
ing discussion applies only to steel from a quantitative 
standpoint, the same principles apply to all cast metals. 
The only reason for limiting the discussion to steel is 
that the constants are not available for other metals. 

The first solution involves again the use of external 
chills. As was discussed previously, it should be pos- 
sible to increase the feeding distance of risers by the 
proper use of chills. This automatically means fewer 
risers. All that is necessary for the practical applica- 
tion of this principle for steel is some experimental 
work in translating temperature gradients as deter- 
mined in references 4 and 5 into feeding distances. 


The use of external chills will decrease riser size in .- 


two ways. More widely spaced risers will decrease riser 
size according to Fig. 6. Secondly, the effective surface 
area of that geometric surface area in contact with the 
chills is increased by a factor proportional to the rate 
of heat extraction of a chilled surface versus a sand 
surface. This means for steel that the surface area in 
contact with the chills is multiplied by a factor which 
approaches 5 as full coverage of the section is ap- 
proached. The effect of this increase in surface area 
in decreasing riser size is automatically taken care of in 
the surface area-volume calculations according to 
Fig. 2. 

Chills therefore have three advantages. They permit 
an increase in riser spacing with fewer risers to cut 
off and grind. At the same time they make possible a 
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substantial decrease in riser size due to this longer 
riser spacing as well as an additional decrease in riser 
size because of an increase in cooling rate of the cast- 
ing. Further investigational work on the proper appli- 
cation of external chills will be very worthwhile. 

Chills should be used wherever possible. If for any 
good reason they cannot be used, there is another 
method of decreasing riser size: decreasing the rate of 
solidification of the riser by means of insulators with a 
lower thermal diffusivity than sand, or addition of heat 
to the riser. It is probable but not proven that riser 
spacing will not be affected by these means. 

Any change in the relative solidification rate of the 
riser can easily be incorporated in ‘the basic risering 
equation. Constant c in this equation: 


(1) z= ip te 


measures the relative freezing rate of the casting and 
riser. If the casting and riser are in contact with the 
same sand, the relative freezing rate is unity and c=1.0. 
If any thing is done to decrease the freezing rate of the 
riser, the value for c becomes less than unity. 

Curve A in Fig. 7 is drawn for steel with c=1.0 and 
duplicates the curves in Fig. 2 and 5. Again, steel is 
used for an example only because the constants a and 
b are known for steel. If an insulating or exothermic 
material is used on or around the riser so that the 
freezing rate of the riser is decreased 10 per cent, con- 
stant c becomes 0.90 and the curve denoting the 
change from shrinkage to solidity at the casting-riser 
junction shifts to the position of curve B. If the freez- 
ing rate of the riser can be decreased 50 per cent, the 
resulting curve for c=0.50 is shown by curve c. 


Effect of Casting Shape 


As can be seen in Fig. 7, if the casting is “rangy,” 
when the freezing ratio is greater than 1.3, the de- 
crease in riser size (even with a 50 per cent decrease 
in riser freezing rate) is not great. The lines are close 
together. With “chunkier” castings, when the freezing 
ratio is less than 1.3, the lines separate and the de- 
crease in riser size possible by decreasing the relative 
freezing rate of the riser becomes quite large. No 
general relation can be given, for the riser size de- 
pends on the exact geometry of the casting section to 
be fed. The diagonal straight lines in Fig. 7 illustrate 
two examples, one a rangy casting made with one 
riser, one a chunky section requiring multiple risers. 

The rangy 1 x 3x 20 in. (2.5 x 7.5 x 50.8 cm) section 
requires a riser 33 per cent of the casting volume (the 
intersection of the diagonal straight line with curve 
A) for solidity at the riser-casting junction if the riser 
freezes at the same rate as the casting. A 10 per cent 
decrease in freezing rate of the riser will only allow 
a decrease in riser size to 28 per cent of the casting 
volume. A 50 per cent decrease will allow a decrease 
in riser volume to 20 per cent of the casting volume. 
It is doubtful if this small decrease will justify the 
time and expense of application of insulators or strong: 
ly exothermic pipe eliminators. 

The preceding paragraph should not be miscon- 
strued that the writer does not advocate the use of 
pipe eliminators for such castings. A prime function 
of a pipe eliminator is to keep the riser open to at. 
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mospheric pressure. This is necessary for all risers. 
The preceding remarks apply only to those materials 
and processes that are used primarily to reduce riser 
size. 

When the casting becomes chunky, as illustrated by 
the 3x 9x 12 in. (7.5 x 22.9 x 31.2 cm) section in Fig. 
7, even a slight decrease in relative freezing rate of 
the riser permits a significant decrease in riser size. 
A decrease in freezing rate of only 10 per cent allows 
the riser to be decreased from 100 to 78 per cent, in- 
creasing the yield from 50 to 56 per cent. If the relative 
freezing rate can be decreased by 50 per cent, the riser 
volume need be only 33 per cent and a yield of 75 per 
cent is possible. 

It should at least be mentioned that the foregoing 
values and the position of the curves in Fig. 2, 5, and 
7 do not include any factor of safety. Production riser- 
ing curves should include some small factor of safety. 
This can be accomplished by adding whatever amount 
is decided to constant c in equation 1. A factor of 
safety of 5 per cent should be sufficient for steel. 

There is still much to be learned. The following 
points are, in the writer’s estimation, the most im- 
portant. 

1. Determination of the effect of riser contact on 
feeding distance. 

2. Determination of constants a and b in equa- 
tion 1 for metals other than steel. 

§. Feeding. distances in junctions of sections. 

4. Determination of the restriction to heat flow 
into the sand at junctions of sections and its correla- 
tion to effective surface area. 

5. Determination of the correlation of tempera- 
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ture gradients set up by external chills and feeding 
distances. 

The author hereby gratefully acknowledges the help 
of Mr. W. S. Pellini in the preparation of this man- 
uscript and for his presentation of the paper at the 
International Foundry Congress, Brussels, Belgium. 
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SAND CONTROL WITH PARTICULAR REFERENCE 
THE PREVENTION 


By 





TO 
OF SCABBING 


W. B. Parkes * 


Introduction 


Of the defects which may be found in castings, 
the scab is frequently the most difficult to associate 
with any particular property of the molding sand 
used, and is therefore the one most difficult to remove. 

Most other defects which-are directly due to the 
mold can be related to some particular property, or 
combination of properties, of the molding sand. The 
appropriate tests were originally devised by the 
American Foundrymen’s Society and are used almost 
exclusively. 

The tests most generally employed for routine con- 
trol are those for moisture content, permeability and 
green and dry strength, with sometimes non-standard 
tests such as those for strength at high temperatures 
and volume of gas evolved on heating. 

Provided that the green strength test is associated 
with a second test such as the deformation test,! or 
the more recently devised “shatter” test,? the re- 
sults of these tests can be directly related with the 
behavior of the sand in the foundry—blowholes or 
mis-runs with high moisture content or low perme- 
ability, poor moldability with low green strength, 
cuts and washes with low dry or hot strength, and 
so on. This is not true of the scab, and most at- 
tempts to investigate this defect have had to depend 
on observations on test castings. 


Formation of Scabs 


The term scab is quite often applied to any defect 
on a casting which is the result of displacement of 
part of the sand mold by metal, and although an 
attempt may be made to obtain greater precision by 
the use of such terms as “blind scab,” “dumb scab,” 
“rammer scab” and many others, there is so little 
agreement as to their meaning that they are almost 
worthless. 

The type of scab to be considered here is that fre- 
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quently known as an “expansion scab,” and there is 
general agreement that this defect is the result of 
expansion of the surface layers of the sand mold. It 
may occur on almost any part of a mold, but is most 
frequently found where the sand is strongly heated 
before it is completely covered by metal at rest, i.e., 
on the flat top face of a mold heated by radiation 
from the metal while the mold is being filled, or an 
irregular bottom face over which there is a flow of 
molten metal, or on the side near the ingate. 

The mode of formation of the defect is shown in 


Fig. 1. 








LBL. 
Fig. 1—Formation of a Scab 


This illustrates the surface of the mold for a plain 
block casting. As soon as the bottom of the mold is 
covered by molten metal, the top is heated by radia- 
tion and a thin surface layer dries out. The dried 
sand then expands rapidly as its temperature rises. 
Since the green sand behind the expanding layer 
remains plastic, the latter has some degree of free- 
dom of movement, and the strain can be concentrated 
in relatively few positions. The dried layer cracks and 
the strain is taken up by buckling, as shown. Metal 
enters through the crack at the apex of the buckle 
and flows behind the layer of sand and appears as a 
shallow, flat-topped projection on the casting, which 
may be of considerable length and has a rough sur- 
face. This metal can be removed fairly easily, leav- 
ing a depression, triangular in section, the sides of 
which are as smooth as that part of the surface of 
the casting which has been in contact with the un- 
damaged mold. The actual shape of the defect can 
be modified by adding to the sand materials which 
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become liquid or plastic when heated, e.g., pitch, 
boric acid or coal dust. 

If the mold is only partly filled and allowed to 
stand, the cracks and buckles will joint up and the 
whole of the surface layer of sand will fall away. 
Figure 2 shows a die-block casting with a flat top 
which was incompletely filled and allowed to stand. 


Fig. 2—Die-Block with Sand Falling Away from Mold 
Surface 


The cope was removed and the casting, together with 
the broken layer of sand from the top of the mold, 
photographed. 

The mold surface remaining was almost as smooth 
as the original mold surface, and on standing a sec- 
ond layer of sand cracked and began to fall. There is 
one interesting feature of this surface layer of dried 
sand: whatever the size of the casting or the type 
of sand used, its thickness is about 14 in. to %¢@ in. 
Whether this is simply because the molten iron used 
varied between fairly narrow limits in temperature 
and the sands used had similar conductivities, or 
whether this has any other significance is not clear. 


The Expansion of Sand 

Molding sand consists essentially of crystals of 
quartz bonded together with clay. When the sand 
is heated, the quartz expands and the clay contracts, 
but as the amount of clay which can be used is lim- 
ited by other factors, it is not possible so to regulate 
the proportions of the two constitutents as to reduce 
the overall expansion to any great extent. The factor 
of greatest importance is the expansion of quartz. 

The expansion of quartz, as given by Sosman, is 
shown in Fig. 3. 

Up to 573 C (1065 F), quartz has a high, but regu- 
lar, expansion. At 573 C there is a change from a 
quartz to 8 quartz with a further immediate expan- 
sion after which there is a slight contraction. From 
this point of view there are few materials less suit- 
able than quartz as a base for a molding mixture. 

It seems that if the mold surface has not buckled 
by the time it reaches a temperature of 573 C (1065 
F), it will remain undamaged at higher tempera- 
tures. 
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Minimizing Effects of Expansion of Quartz 


If a mold is composed of quartz grains of uniform 
size, the surface layer in a mold such as that shown 
in Fig. 1 will heat up at the same rate. The maxi- 
mum expansion, and also the sudden expansion at 
573 C (1065 F), will occur in all these grains at the 
same time, and the tendency of the mold surface to 
crack will be greatest. If grain size is spread out over 
a wider range, the small grains will heat up more 
rapidly, and will be contracting slightly when the 
larger grains are still expanding, and the tendency to 
crack will be less. The more uniform the sand grains, 
the greater the risk of scabbing. 

In this connection it is interesting to note the 
gradual change which has taken place in the recom- 
mendations in American literature as to the best 
grain distribution. Moldenke,? more than 30 years 
ago, thought that the “ideal” molding sand was com- 
posed of round grains of uniform size bonded with 
the smallest amount of the fattest clay available. As 
time went by, this was modified and it was recom- 
mended that the sand grains should be spread over 
three adjacent sieves in the A.F.S. series, but this 
optimum “spread” still tends to increase and one of 
up to seven sieves has been recommended.* 

The breaking of bonded sand as a result of expan- 
sion is not confined to clay-bonded sand. J. J. Shee- 
han® noted that some cores bonded with linseed oil 
and dextrin failed when the casting was poured if 
the base sand was composed of uniform sand, but 
no difficulty was experienced when a mixture of two 
sands differing widely in grain size was used. In this 
case the strain was relieved by the opening up of a 
crack along one edge of the core, and the defect was 
a fin of metal rather than a scab, but the cause of the 
defect was the same. 


Limitations of Widening Range of Grain Size 


It is possible to obtain only limited help by in- 
creasing the “spread” of grain size, owing to the 
necessity of maintaining mold permeability. 

If a mold is composed of uniform spherical grains 
packed in the closest possible manner, pore space is 
independent of grain size and is about 25 per cent 
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Fig. 3—Expansion of Quartz (after Sosman) 
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the total volume. In the case of fine grains there 

ill be a large number of small pores, and with a 
coarser sand a smaller number of larger pores. Re- 
sistance to the passage of gas through these pores 
will be greater when they are small, and the fine sand 
has a lower permeability than a coarse sand. 

If a second sand differing in grain size from the 
first is added the mixture may or may not have a 
lower total pore space, depending on the difference 
in size between ihe two sands used. If the coarse 
sand has a diameter more than two and a half that 
of finer, there will be a decrease in the pore space, 
but if it is less than two and a half times, pore space 
will be unchanged. 

The grains of the sands used in foundries are never 
quite uniform in size or spherical in shape and when 
formed into a mold are not assembled in the closest 
packing possible. Indeed, a sand mold composed of 
fairly uniform grains and having a pore space below 
40 per cent would be rammed exceedingly hard. It 
can, however, be shown that sand grains rammed to 
a hardness comparable with that of, say, the stand- 
ard compression test piece do behave like close-packed 
spherical grains. (More detailed descriptions of the 
effect of grain distribution on permeability are given 
elsewhere.®:®) 

Confirmation was obtained by experiments with 
four grades of sand: 

No. 1—Between 10 mesh and 20 mesh 
No. 2—Between 30 mesh and 40 mesh 
No. 3—Between 50 mesh and 70 mesh 
No. 4—Between 70 mesh and 100 mesh 

None of the grains in No. 2 has a diameter more 
than two and a half times that of the grains in No. 3. 
All of the grains in No. | have a diameter more than 
two and a half times that of the grains in No. 4. 

75 grams of No. 1 sand were placed in standard 
A.F.S. compression test piece holder and 75 grams of 
No. 4 added without mixing. The sand was then 
rammed by the standard rammer and its height mea- 
sured after each blow. These heights are shown in 
the upper curve of Fig. 4. The sands were then re- 
moved and mixed, returned to the holder and again 
rammed. The new heights are shown in the lower 
curve of Fig. 4. 
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Fig. 4—Mixing Sand Grains and Pore Space 
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As a result of mixing, the height of the test piece 
has fallen from 2.0 in. to less than 1.8 in., or by 
rather more than 10 per cent. As the cross-section is 
constant, the volume has fallen by more than 10 per 
cent. To obtain a reduction of 10 per cent in the 
volume of the test piece, about one quarter of the 
pore space must have been filled in. 

When the experiment was repeated with No. 2 
and No. 3 grades, the curves obtained were very close 
to the upper curve in Fig. 4, and it would be neces- 
sary to use a more open scale than that shown if the 
differences are to appear in the graph. 

When a coarse uniform sand is added to a finer 
uniform sand 
(i) if the diameter of the coarse sand is less than two 

and a half times that of the finer, there will be 
no change in pore space; 

(ii) if the diameter of the coarse sand is more than 
two and a half times that of the finer, there 
will be a decrease in pore space. 

As permeability is controlled by two factors, total 
pore space and pore size, in case (i) the addition of 
coarse sand to a finer sand, which leaves pore space 
unchanged, but reduces the number of individual 
pores and therefore increases their size, must increase 
permeability. In case (ii) the addition of the coarser 
sand reduces pore space at the same time as it re- 
duces the number of pores and the final result may be 
a decrease in permeability. 

The results of tests using the four fractions of 
sand are shown in Figs. 5 and 6. 
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Figure 5 shows the permeability of mixtures of the 
+40 mesh and +70 mesh sands, in which the coars- 
est grains have a diameter less than two and a half 
times that of the finest. The lengths of the test pieces 
are also shown. The lengths are reasonably constant 
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(the slight decrease occurs because none of the grades 
is quite free from undersized grains), showing that 
pore space also remained constant, and the first addi- 
tion of coarse sand produced an immediate, though 
slight, increase in permeability. It should be noted 
that permeability does not begin to rise rapidly un- 
til more than 50 per cent of the coarser grade is 
present. 
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Fig. 6 


Figure 6 shows the permeability of mixtures of 
the +20 mesh and +100 mesh fractions, in which 
all grains of the coarser fraction have a diameter 
more than two and a half times that of any grain 
in the finer fraction. The addition of coarse sand 
to fine results in a considerable fall in pore space 
and a slight but measurable fall in permeability. 
Pore space reaches a minimum with between 50 and 
60 per cent coarse sand, and permeability with be- 
tween 40 and 50 per cent. 

Increasing the difference in size between the two 
sands moves the minima in the direction of higher 
proportions of the coarser sand, and a mixture of 
+10 mesh and 200 mesh has a minimum permeabil- 
ity with about 70 per cent of the coarse sand present. 

When the sand used is spread over three adjacent 
sieves in the A.F.S. series, there are few grains out- 
side the 5 : 2 ratio in diameter and pore space will 
be similar to that of a uniform sand. Permeability 
will therefore lie between that of the coarsest and 
that of the finest present. When, however, the grains 
are spread over as many as seven adjacent sieves, 
pore space will be lower than that of a uniform 
sand and permeability may be lower than that of 
the finest sand present. The proportions of the vari- 
ous grades present must therefore be controlled in 
such a way as io give the permeability required, and 
not so as to eliminate scabbing. 
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On this account there is a limit to the help which 
can be obtained by controlling-grain distribution. 


Other Methods of Preventing Scabbing 


When the surface of a mold is heated, the grains 
of which it is composed expand, but the surface layer 
as a whole is rigidly held and the expansion is there- 
fore taken up by buckling and cracking. There are 
two ways in which cracking can be reduced or elimin- 
ated: 

1. If the sand grains are assembled in the mold 
so that they have room to expand, the mold will not 
crack, i.e., a soft mold is less likely to give a scab 
than a hard mold. 

2. If the maximum deformation of the sand at 
any temperature reached by the time the mold ts full 
is not less than the expansion up to that temperature, 
the mold will not crack. 


Effect of Mold Hardness 


The harder the mold is rammed, the greater the 
tendency for expansion scabs to be formed. At the 
same time, permeability also falls, particularly in 
the case of sands whose grains are spread over a 
wide range in size. The variation of permeability 
with mold hardness of a natural red sand is shown 
in Fig. 7. 
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Fig. 7—Variation of Permeability with Mold Hardness 











This sand has the following grading: 


+ 60 mesh 3.6 per cent 
+100 mesh 31.0 per cent 
+150 mesh 36.9 per cent 
+200 mesh 10.4 per cent 
—200 mesh 6.7 per cent 
Clay 11.4 per cent 


Sand of this type occurs in England in very large 
quantities in the Midlands and in Lancashire and 
Yorkshire. It is still widely used, but in many found- 
ries has been replaced by synthetic sands. It was at 
one time exported to many parts of the world, not 
excluding North America, and even as late as 1920 
there was a small export to places as far away as 
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New Zealand. Quite large and difficult castings were, 
and to some extent still are, produced in green 
molds made from this sand and it is very instructive 
to go over one of these large molds. Hardness varies 
over a very wide range, and everywhere seems to be 
adjusted so that the mold is only just hard enough 
to prevent swelling. As soft ramming also raises per- 
meability, it not only of itself reduces the risk of 
scabbing, but makes possible the use of a sand less 
likely to cause this defect. The objections of many 
skilled hand molders to synthetic sands are often due 
not only to the difficulties which result from their 
narrow moisture range, but to the increased risk of 
scabbing. 

When molds are rammed by mechanical means, 
this selective control of mold hardness is not possible, 
at least to the same extent, but a mold hardness 
tester should be available for use in every foundry. 


Reducing Scabbing by Increasing Deformation 
of Dried Sand 


In the foundry, several additions are made to 
molding sand in order to prevent scabbing, the most 
important being sea coal and wood flour. It will be 
shown later that at certain stages during the heating 
of a mold, these additions increase the deformation 
of the sand. 

It is, however, an extremely difficult matter to de- 
termine the effect of any organic material on the 
properties of molding sand at high temperatures if 
these tests are to be related to the incidence of scab- 
bing. The expansion of quartz reaches a maximum at 
573 C (1065 F), a temperature reached by the mold 
surface a short time after pouring commences, and 
this time and temperature are insufficient to cause 
complete decomposition of the organic matter pres- 
ent. On the other hand, when a test piece is to be 
heated to a uniformly high temperature throughout, 
any organic matter is completely decomposed, leav- 
ing only ash and perhaps inert carbon. It is doubt- 
ful whether tests made under these conditions can be 
applied to what happens in a mold when a casting 
is poured. Indeed, expansion tests made in this way 
appear to indicate that the addition of sea coal re- 
duces the expansion of sand on heating, but it is 
difficult to believe that the addition of a material 
which expands with great rapidity when suddenly 
heated can reduce expansion during the critical early 
seconds when a scab is formed. 


Use of Test Castings 


In consequence of this difficulty, investigators?:$.9.10 
into causes of scabbing have relied to a great extent 
upon test castings poured in molds faced with the 
sand to be tested, or on test pieces subjected to sud- 
den heating. The results obtained are most informa- 
tive, but the procedure is laborious, and their full 
value can only be realized if the results can be re- 
lated to certain physical properties of the sand. Ac- 
cordingly, most investigators working with test cast- 
ings also measure as many as possible of the physical 
properties of the sand used as their equipment per- 
mits. 

This method is perhaps the most satisfactory which 
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can be designed at the moment, but it has certain 
pitfalls. For example, most of the sands which gave 
castings free of defects in the experiments made by 
the A.F.S. Committee® have a low “hot strength” 
and it might be argued that any sand with a low hot 
strength will be free from scabs. It is, however, dif- 
ficult to see how a sand can be prevented from break- 
ing by reducing its strength, and it is possible to re- 
duce hot strength by means other than those used, 
without in any way reducing the amount of scab- 
bing. 

Test castings have been used in the laboratories 
of the British Cast Iron Research Association for an 
investigation into the causes of scabbing for a num- 
ber of years. Some of the results of this investiga- 
tion have already been given!® and some of the pho- 
tographs shown now are taken from Taylor’s paper. 
At about the same time the construction of apparatus 
to measure the deformation under load of dry sand 
was commenced, but a number of mechanical dif- 
ficulties were experienced, and the results of many 
of the test castings were available before the appara- 
tus was ready for use. 


Design of Test Castings 


The test casting is a simple block, | ft square and 
2 in. in thickness. Two different sizes of runner are 
used, one of which fills the mold in about 25 sec, 
and the other in 50 sec. There is a riser 2 in. in 
diameter in the center of the top. This aperture in 
the top of the mold has been used as a peep-hole, 
with the object of noting the time which elapses be- 
tween the commencement of pouring and the first 
breaking away of sand from the top surface, and ob- 
taining the temperature of the mold surface at this 
time. The information so obtained was insufficiently 
exact to be of use, but the riser has been retained so 
as to avoid any change in the design of the casting. 

Several other designs were considered, particularly 
one in which the metal flows over a step, but a few 
preliminary tests showed that a scab due to low per- 
meability might be obtained. The simpler design 
was therefore retained. 

This particular casting was originally designed by 
J. J. Sheehan and has been used by a number of ob- 
servers for studying scabs, but only one reference™ 
to it has been found. 

As the object of the investigation was to compare 
sand mixtures, everything else was kept as constant 
as possible. Mold hardness was maintained at 70-75 
and only two sizes of ingate used. 

The casting was molded in the cope, and the sand 
under examination was used as a facing round the 
top and sides of the pattern only. The remainder 
of the cope and the whole of the drag were rammed 
up in moistened floor sand, originally the red sand 
described earlier, and containing about 4 per cent 
sea coal. Incidentally, not a single scab was found 
on the bottom of the casting, although more than a 
hundred have been made to date. 


Preliminary Laboratory Tests 


In an earlier investigation into the possibilities of 
controlling scabbing, an attempt had been made to 
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show thai coal dust may increase the deformation 
of heated sand.!? All the high volatile sea coal used 
in molding sands become temporarily plastic or even 
liquid when heated. 

Sand test pieces heated externally are useless for 
this purpose. Assuming for the moment that heated 
coal dust does increase deformation, the effect can 
be only temporary as when all the volatile matter has 
been removed a non-plastic coke is left. When a sand 
test piece is heated from the outside, the coal dust 
in the surface layers becomes plastic, but the re- 
mainder is unaffected. Heat penetrates only slowly 
owing to the low heat conductivity of the sand, and 
by the time the coal dust a little way beneath the 
surface becomes plastic, that in the surface layers 
loses its plasticity because all its volatile matter has 
been driven off. he plastic layer gradually moves 
towards the center of the test piece, but at no time 
is the coal dust in a complete cross-section of the 
test piece plasic. No tests on ‘such a test piece can 
show the effect of the plasticity of heated coal dust. 

A “sand” was therefore prepared by bonding steel 
grit with bentonite. Test pieces 2 in. in length and 
114 in. in diameter were prepared from this sand, 
with 6 per cent and without coal dust. The steel 
grit was almost entirely on 22 and 30 mesh sieves. 

The test pieces were placed in an induction fur- 
nace and heated. They were then removed from the 
furnace and broken, the deformation being recorded 
by means of an Ames dial. The results are shown in 
Fig. 8, in which deformation is plotted against time 
of heating. 

This method of testing is not very satisfactory as 
the rate of heating is too slow, the temperature after 
12 min being only 930 F. If an attempt is made to 


Moisture 
Permeability No. 
Green Strength 
Dry Strength 


Synthetic Sand 100 
Pouring Time 50 sec 


Fig. 9 
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increase the rate of heating, the test piece disinte- 
grates, individual grains being shot off with con- 
siderable violence. Nevertheless, the test does show 
that even under these unfavorable conditions coal 
dust does increase the deformation of sand at high 
temperature. 
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Fig. 8 


When the coal dust was replaced by | per cent of 
wood flour, deformation exceeded 0.150 in. through- 
out the test. Fibrous materials also increase defor- 
mation. 

Materials Used in Casting Tests 


Test castings were made in mixtures to show the 
effect of the composition and grading of the base 
sand and of adding the following materials: 

1. Materials which become plastic when heated— 

sea coal, pitch and boric acid. 
Wood flour. 
Fibrous materials—asbestos, grass cuttings. 


Moisture 
Permeability No. 
Green Strength 
Dry Strength 


Fig. 10 


Bonded Olivine 100 
Pouring Time 53 sec 
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Natural Sand 100 Moisture Synthetic Sand Moisture 

Pouring Time 50 sec Permeability No. Coal Dust j Permeability No. 
Green Strength Pouring Time 57 sec Green Strength 
Dry Strength Dry Strength 


Fig. 11 Fig. 12 


The mechanical compositions of the two sands 
used were as follows: 





Erith Silica Sand Red Sand 
% % 


+ 44 mesh 2.6 0.3 
+ 60 mesh 26.1 3.3 
+100 mesh 63.3 31.0 
+150 mesh 7.8 36.9 
+200 mesh 0.5 10.4 
—200 mesh 0.3 6.7 
Clay 0.4 11.4 








The silica sand was bonded with 5 per cent by 
weight of bentonite. 


Test Castings Illustrated 


Some of the test castings made are shown in Figs. 
9 to 25. These particular castings have been selected 
to show the effects of: 

1. Thermal expansion of the sand grains—molds 
made in silica sand (Fig. 9) and olivine of the 
same grading (Fig. 10). : 

Grain distribution—uniform grain size (Fig. 9) 

and wide range of grain size (Fig. 11). 

Materials which become plastic on heating— SyntheticSand 99 Moisture 3.7 pet 
coal dust, pitch and boric acid (Figs. 12-21). cae te i tot rnin rr “ 
Wood flour (Figs. 22 and 23). eyo ee aaa 
Fibrous aa amaom (Fig. 23) and grass eines wi iat 


cuttings (Fig. 24). Fig. 13 





Discussion of Results with Test Castings graded so that its mechanical composition was as far 
Composition of Basic Sand. The castings shown in as possible identical with that of the quartz, no scabs 
Figs. 9 and 10 show that scabbing is due to some were formed. Scabs were also absent when silliman- 
property of quartz. When quartz was used the sur- ite or zircon were used in place of olivine, although 
face of the casting was covered with a network of in these cases the evidence is not so strong as there 
scabs, but when the quartz was replaced by olivine, was a difference in grading. 





SyntheticSand 98 Moisture 3.6 pct 
Pitch Permeability No. 136 


Pouring Time 57 sec Green Strength 5.7 psi 
Dry Strength 195 psi 


Fig. 14 


Same Sand as Fig. 14 Pouring Time 


Fig. 15 


The coefficient of expansion of quartz is much 
greater than those of olivine, sillimanite or zircon 
and the test castings gave strong support to the gen- 
erally accepted theory that the scab is due to ex- 
pansion of sand grains. 

Influence of Grading. Increasing the range of grain 
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Moisture 4.0 pct 
Permeability No. 107 

Green Strength 6.1 psi 
Dry Strength 135 psi 


Synthetic Sand 74 
Natural Sand 25 
Pitch 1 
Pouring Time 45 sec 


Fig. 16 


Same Sand as Fig. 16 Pouring Time 23 sec 


Fig. 17 


size does not affect the expansion of either the in- 
dividual grains or the sand as a whole, but it does 
reduce the shock at 1060 F by ensuring that all grains 
in the surface layer do not undergo the sudden ex- 
pansion at the same time. 

When the synthetic sand was replaced by increas- 
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Moisture 
Permeability No. 
Green Strength 
Dry Strength 


SyntheticSand 69 
Natural Sand 25 
Coal Dust 6 
Pouring Time 45 sec 


Fig. 18 


Pouring Time 


Fig. 19 


Same Sand as Fig. 18 


ing proportions of the natural sand so as to widen 
the range of grain size, there was a continuous, 
though slight, decrease in the extent of scabbing, 
its general form remaining unchanged. When natura! 
sand only was used, the casting shown in Fig. 11 was 
obtained. 

The difference between Fig. 9 and Fig. 11 is an 


Moisture 3.3 pct 
Permeability No. 140 

Green Strength 8.1 psi 
Dry Strength 120 psi 


Fig. 20 


Synthetic Sand 
Boric Aci 
Pouring Time 


Moisture 3.9 pct 
Permeability No. 110 

Green Strength 7.6 psi 
Dry Strength 146 psi 


Fig. 21 


Synthetic Sand 

Boric Acid 

Coal Dust 

Pouring Time 52 sec 


indication of the extent to which scabbing is in- 
fluenced by the immediate expansion which accom- 
panies the change from a quartz to 8 quartz. 


Additions of Materials which become Liquid or Plastic 
when Heated. The addition of pitch or coal dust, 
which become plastic or liquid for a short time when 





SyntheticSand 98 Moisture 3.8 pct 

Wood Flour 2 Permeability No. 205 

Pouring Time 52 sec Green Strength 4.5 psi 
Dry Strength 35 psi 


Fig. 22 


Moisture 2.4 pet 
Permeability No. 180 

Green Strength 6.0 psi 
Dry Strength 49 psi 


Synthetic Sand 99.5 
Asbestos (lin.) 0.5 
Pouring Time 50 sec 


Fig. 24 


heated, or boric acid which remains liquid so long 
as the temperature is maintained, can reduce, and 
sometimes eliminate, scabbing under certain condi- 
tions. For example, 6 per cent coal dust or 1 per 
cent pitch completely suppressed scabbing when a 
mixture of 3 parts synthetic sand and 1 part natural 
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Moisture 
Permeability No. 
Green Strength 
Dry Strength 


Synthetic Sand 
Wood Flour l 
Pouring Time 53 sec 


Fig. 23 


Moisture 
Permeability No. 
Green Strength 
Dry Strength 


Fig. 25 


Synthetic Sand 
Grass Cuttings 
Pouring Time 


sand was used, provided that the pouring time was 
kept down to 25 sec (Figs. 17 and 19). No mixtures 
containing boric acid alone were completely satisfac- 
tory (Fig. 20), but there were no scabs on even the 
synthetic sand in the presence of 2 per cent boric 
acid and 3 per cent coal dust (Fig. 21). 
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(here are, however, limits to the usefulness of 
piich and coal dust. Both materials are liquid or 
piastic only in that range of temperature in which 
they decompose. When the time required to pour 
the casting is increased, because of size or some other 
factor, decomposition may result in removal of most 
of the liquid phase before pouring is completed, and 
a scab may form. If the amount of the addition is 
raised to offset the loss by decomposition, then at 
some stage during pouring the amount of liquid 
phase may become so great that the sand coilapses 
under its own weight and the influence of a slight 
stress due to expansion. 

In this case a scab will also occur, but generally its 
form is changed (Figs. 14 and 18). The number of 
fractures of the mold surface is reduced, but the in- 
dividual scabs are much larger. 

There is one unexpected feature about these larger 
scabs. In one case (Fig. 18) there were two large 
scabs, each covering a quarter of the mold surface. 
In a second (Fig. 14) the large scabs were arranged 
in a uniform pattern round the center of the mold. 
When these tests were repeated, the same mixture 
invariably gave the same kind of scab. If, when a 
mixture was tested, opposite quarters of the mold 
surface came down, then repeat tests always gave the 
same result, although it was not possible to forecast 
the form the defect would take when a different mix- 
ture was used. No reason for this difference has 
been found. 

These results are entirely in line with the experi- 
ence in a number of foundries. One claims that 
scabbing can be eliminated by increasing the propor 
tion of coal dust, whereas another is quite satisfied 
that such a procedure makes matters worse. It will 
be found that the first foundry pours fast and the 
second, perhaps of necessity, pours slow. 


Wood Flour. The test results illustrated in Fig. 8 
show that coal dust temporarily increases the defor- 
mation of heated sand, and its influence on scabbing 
was attributed to this cause. At the same time it was 
pointed out that wood flour gives a much greater 
deformation both at room temperature and when 
heated. 

In the presence of 1 per cent wood flour (Fig. 22), 
no scabs were obtained on any of the test castings. 

Wood flour is a much safer material to use than 
coal dust or pitch. As the effect of maintaining it at 
a high temperature is confined to a more or less 
steady loss through decomposition, and as there is 
at no time a liquid phase present which can weaken 
the sand so that it fails under its own weight and a 
small additional stress, increasing the amount and 
the time of exposure does not result in the forma- 
tion of a large scab. With 2 per cent and a pouring 
time of 50 sec, no scabs were formed (Fig. 23). The 
limiting factor so far as wood flour is concerned is 
its effects on molding properties. 


Fibrous Materials. The addition of 0.5 per cent as- 
bestos fiber cut into half-inch lengths, completely 
eliminated scabs (Fig. 24) even with the 50 sec pour- 
ing time. Grass cuttings were almost completely suc- 
cessful, only a very small scab near the riser being 
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found (Fig. 25). For this particular mold, stiff grass 
stems were used. When these were replaced by leaf 
a clean casting was obtained. 

All fibrous materials are useful, but in general 
pliable fibers are completely successful, but the ten- 
dency for scabs to form increases as stiffer fibers are 
used. 

Asbestos, and to a lesser degree the other fibers 
used, appear to have a dual effect. In the first place 
they reduce cracking of the heated mold surface at 
least as effectively as wood flour, and in the second 
place they hold the broken parts of the mold to- 
gether even if cracks are formed. If, for example, a 
standard dried test piece is broken in compression 
in the usual way, it can be picked up, supporting it 
from the top, if 0.5 per cent asbestos is present, al- 
though a close examination shows that it consists of 
eight or more pieces loosely attached to each other by 
fibers. Cohesion between sand grains may have been 
completely destroyed along several planes, but the 
fibers still hold. In the presence of asbestos no scab- 
bing would occur, and the worst that could happen 
would be a few sand grains in the surface of the cast- 
ing and a few shallow fins. 

A further advantage of using an inorganic fibe: 
is that only a very small amount would be destroyed 
during the casting operation. To control the amount 
present with sufficient accuracy for practical pur- 
poses, it would only be necessary to add a definite 
proportion to the new sand going into the system. 

The one drawback is the difficulty of mixing a 
fibrous material uniformly with molding sand. From 
this angle the most promising results have been with 
asbestos waste, which goes in quite readily when 
shaken up with water. As it contains a large pro- 
portion of powder it has to be used in comparatively 
large quantities. 


Deformation of Dried Molding Sand 


Tests made on steel grit bonded with bentonite 
and heated in an induction furnace showed that coal 
dust increases the deformation of sand at tempera- 
tures near 500 C (930 F) and that wood flour gives 
an even greater deformation at all temperatures up 
to 500 C (930 F). 

The results shown in Fig. 8, however, are not suf- 
ficiently precise to do more than confirm that mater- 
ials which tend to reduce scabbing increase deforma- 
tion, at least over a considerable temperature range. 

It was therefore decided to build apparatus to ob- 
tain with greater accuracy the deformation of mold- 
ing sand, and preferably a complete stress/strain 
curve. To obtain all the information required it will 
be necessary to arrange for the test piece to be heated 
rapidly and uniformly, so that the whole of it is at 
a temperature above 573 C (1065 F) before any or- 
ganic matter it contains is completely decomposed. 
There are no technical obstacles to this, and sand 
test pieces have already been heated to 1000 C (1830 
F) inside 60 sec, but bringing together the heating 
and testing equipment is a lengthy operation. 

The apparatus for obtaining stress/strain curves 
has been completed, and a large number of sands ex- 
amined at room temperature. It was not expected 
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that very much information would be obtained from 
such tests until the heating equipment was available, 
but, with the important exception that little comes 
out of the tests on sands containing coal dust or pitch, 
there is such a constant relation between the form of 
the stress/strain curve and the tendency of the sand 
to scab, that the results seem worth considering. 

The ultimate object of the investigation, however, 
is to determine the behavior of sands at high tempera- 
tures, and the results given here can be regarded as 
merely a progress report. 

Design of the Apparatus. When an increasing load 
is applied to a test piece of dried sand, a small de- 
formation, increasing to the point of fracture, takes 
place. When the test piece breaks, it usually shat- 
ters, and it is not easy to determine the deformation, 
since the only apparent change is a very rapid ac- 
celeration in the rate of deformation. 

A preliminary investigation showed that not only 
was it difficult to determine deformation at rupture 
point accurately, but the results obtained with sands 
which behaved very differently in the foundry, dif- 
fered by an amount not much greater than the pos- 
sible error. The most likely method of overcoming 
this difficulty seemed to be to arrange for the stress 
to be relieved automatically as the test piece de- 
formed. This has the effect of flattening out the 
curve after the maximum stress has been reached. 

The preliminary specification for the apparatus 
therefore included the following two points: 

1. The method of applying the stress must be 
such that as the test piece deforms there is an auto- 
matic relaxation of stress. 

2. Stress and strain must be recorded automatic- 
ally. 

The final design of the machine is due to R. G. 
Godding’® and the essential parts are shown in Fig. 
26. 


APPARATUS FOR DETERMINING STREJS STRAIN 
CHARACTERISTICS OF MOULDING SANDS 


- *Y 











Fig. 26 


The load is applied at FF by means of a motor- 
driven screw jack and is transmitted to the plunger 
H by means of a knife edge and a calibrated beam B. 
The plunger rests on the specimen S which is sup- 
ported by a freed anvil. 
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A tilting mirror carriage E carrying a mirror M‘ 
is attached to the plunger by means of rods passin; 
through block G. When a load is applied at Fi 
beam B bends and causes mirror MC to tilt in pro. 
portion to the applied load. 

Should the specimen deform under load, block // 
moves downwards and this downward movement 
causes a second mirror, to which block H is con- 
nected by a rack and pinion linkage, to rotate pro- 
portionally. 

The downward movement of H automatically re- 
laxes the load on the specimen, the relaxation being 
40 lb for each 0.001 in. deformation in the tests re- 
ported here. 

A beam of light from lamp L is reflected from a 
fixed mirror M on to mirror MC. As the latter tilts, 
the light beam is deflected by an amount propor- 
tional to the applied load. 

The beam then falls on mirror MR and, as this 
mirror rotates, is again deflected, the deflection in 
this case being proportional to the deformation of 
the specimen. 

The apparatus is so arranged that the two deflec- 
tions are at right angles, and a complete stress/strain 
curve can be obtained on a photographic plate at P. 

In order to obtain an idea of the rate of strain, 
the lamp is made to flash five times per second. 


Test Results 
The results of tests on a number of sands are 
shown in Fig. 27-30. The stress/strain curves can be 
related with the results of the corresponding test 


castings from the series shown in Figs. 9-25. 


Sand of Uniform Grain Size. Stress/strain curves for 
the synthetic sand at two moisture contents are shown 
in Fig. 27. An increase in moisture content raises dry 
strength, but does not increase deformation. 


ERITH SILICA SAND 
+ s°/o BENTONITE, 


4\°lo MOISTURE 


+9°%o MOISTURE 
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DEFORMATION,(O01 


Fig. 27 


As the load is increased, deformation increases 
until the maximum load is reached, after which there 
is a further slight deformation followed by a sudden 
collapse. With the higher moisture content one dot 
is shown at 0.012 in. deformation and the next at 
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0.021 in., ie., the test piece has collapsed 0.009 in. 
i: a fifth of a second, although the stress has been 
rciaxed by some 200 psi. 

\t the lower moisture content, the general effect 
is similar although maximum stress is lower and 
collapse is a little less rapid. At this stage it is not 
possible to attach too much to the difference be- 
tween these two curves. 

This sand was used to produce the test casting 
shown in Fig. 9. 

\ number of sands of uniform grain size, bonded 
with several different types of clay have been tested. 
There were wide differences in maximum stress, but 
deformation was fairly constant and all stress/strain 
curves showed the sharp break after maximum stress 
has been reached. 

All these sands gave castings similar to that shown 
in Fig. 9. 

Sands of Non-Uniform Grain Size. The curve for the 
natural sand is shown in Fig. 28. This curve is of a 
slightly different shape and begins to bend over at 
a fairly low stress (this is probably a function of the 
clay bond), but maximum deformation is little greater 
than that of the uniform synthetic sand. 











BROMSGROVE RED SAND. 
600 
SOO} 
400k 

OF 5-0°%Jo MOISTURE 
3 , 

200} 
100- 

$ 15 is 35 4 5 r 1 

35 
DEFORMATION(-00F4. = 


Fig. 28 


The casting obtained with this sand is shown in 
Fig. 11. There is a real reduction in the amount of 
scabbing and in view of the similarity of the stress/ 
strain curves, this must be attributed to the effect of 
variation in grain size on the sudden expansion at 
573 C (1065 F). 

Effect of Wood Flour. The effect of adding 2 per 
cent wood flour to the synthetic sand is shown in 
Fig. 29. Maximum stress is halved and deformation 
increased, but the most important change is in the 
shape of the curve. After the maximum stress has 
been reached, the test piece continues to deform 
under a gradually decreasing stress, but there is no 
sudden fall in the stress required to continue this 
deformation. Maximum stress is around 150 psi and 
deformation at this point is 0.013 in., but when de- 
formation is increased to 0.030 in. a load of 100 psi 
is still required to continue deforming the specimen. 
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The test casting made in this sand is shown in 
Fig. 22 and is entirely free from scabs. 








ERITH SILICA SAND 
+_$hlo BENTONITE 
oor +2%Je WOOD FLOUR. 
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400-- 
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$ 16 15 26 30 35 46 
QEFORMATION(OO!"), 
Fig. 29 


Effect of Fibrous Materials. The effect of adding 0.5 
per cent asbestos to the synthetic sand is shown in 
Fig. 30. In this case there is no appreciable change 
in maximum stress, but with this exception asbestos 
behaves very much like wood flour. Deformation at 
maximum stress is increased, and after the maximum 
stress has been reached deformation continues under 
a gradually decreasing stress. 
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Fig. 30 


The casting made in this sand is shown in Fig. 24. 
It is entirely free from scabs. 

All pliable fibers give similar stress/strain curves 
and also eliminate scabbing. If more brittle fibers 
are used, the fall in the stress required to maintain 
deformation is somewhat more rapid, but never ap- 
proaches that found in the plain sand. In such cases 
an occasional small scab is found on the test casting. 


The Form of the Stress/Strain Curve and the Incidence 
of Scabbing. All sands with stress/strain curves simi- 
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lar to those shown in Fig. 27 and Fig. 28 gave scabbed 
test castings. When the curves were similar to those 
shown in Figs. 29 and 30 no scabbing occurred. 

Furthermore, the severity of the test was increased 
by molding the casting in the drag. The mold was 
filled to within half an inch of the top and allowed 
to stand. Even under these conditions no sand was 
pulled down. 

The addition of asbestos increases deformation at 
maximum stress by about one-half. This difference 
is hardly sufficient to explain the difference in the 
behavior of the sands when used to make the mold 
for the test casting. 

It seems plain that the important point is the de- 
formation which occurs before the stress falls to that 
required to cause complete rupture of the mold sur- 
face, which is not more than a few pounds per square 
inch. The addition of either asbestos or wood flour 
increases deformation at this point to several times 
its original value. 


Conclusions 


1. The incidence of scabbing has been studied by 
means of test castings, and the results have been cor- 
related with certain physical properties of the sand. 

2. Under the conditions of the test, the defect was 
not produced when the quartz which normally forms 
the greater part of the molding sand is replaced by 
a granular material such as olivine or zircon, which 
has a lower thermal expansion. 

3. Increasing the size range of the quartz grains 
reduces the tendency to scab, but the extent to which 
size distribution can be varied is limited owing to 
the necessity of maintaining permeability. 

4. The addition of materials such as pitch, coal 
or boric acid, which become liquid or plastic when 
heated, reduces the incidence of scabbing. The ad- 
dition of these materials increases the maximum de- 
formation of sand at the temperatures at which scab- 
bing occurs and helps to eliminate the defect. 

5. The usefulness of these materials is limited. 
Those which do not decompose, for example boric 
acid, reduce the refractoriness of the sand and would 
cause trouble in stripping and fettling. Those which 
decompose, such as coal and pitch, only persist for a 
limited time, and when the time taken to fill the 
casting has to be increased for some reason, their 
effectiveness may be reduced before pouring is com- 
pleted. If the amount used is increased in an at- 
tempt to compensate for this loss, then at some time 
during pouring the amount of liquid or plastic ma- 
terial present may be sufficient to weaken the mold 
so that it fails under its own weight. As a result, a 
scab is again formed, usually differing in appearance 
from the scab obtained in the absence of a plastic 
material. 

6. Wood flour and fibrous materials, both organic 
and inorganic, increase the deformation of sand 
throughout the whole of the temperature range in 
which expansion occurs and prevent scabbing. They 
do not themselves become liquid or plastic and are 
therefore useful under a wider range of conditions. 

7. When the sand contains materials which become 
plastic or liquid when heated to room temperature, 
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tests do not indicate the tcadency of a sand to sca). 
Tests made on sands heated from outside also fail ‘{ 
the materials decompose, because the whole of t! 
liquid phase is destroyed before a test piece attair:s 
a uniform high temperature. The effect of suc 
materials can, however, be shown qualitatively by 
including them in steel grit bonded with clay and 
heated in an induction furnace. 

8. In the absence of materials which become liquid 
or plastic, the tendency of a particular sand to scab 
can be related with the stress/strain curve of the 
dried sand at room temperature: 

(i) If the deformation at maximum stress is low, 
and the test piece fails rapidly once maximum stress 
is reached, the sand will scab readily. 

(ii) If the deformation is high, and if, after maxi- 
mum. stress has been reached, a test piece continues 
to deform under a slowly decreasing load, the sand 
will not scab. 

9. Sands containing sand and clay only have a 
low deformation and collapse rapidly once the maxi- 
mum stress is reached. The addition of wood flour 
or of a fibrous material increases deformation at 
maximum stress. At the same time the shape of the 
stress/strain curve is radically changed, the test piece 
continuing to deform under a gradually decreasing 
stress after the maximum stress has been reached. 

Sands with this type of stress/strain curve have 
little tendency to scab. 

The author thanks the Council of the Britist Cast 
Iron Research Association, the Director, Dr. J. G. 
Pearce, O.B.E., for permission to publish this paper; 
also his co-workers Mr. R. G. Godding and Mr. D. 
A. Taylor, who have carried out much of the experi- 
mental work. 
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DISCUSSION 


Chairman: J. B. Caine, Consultant, Wyoming, Ohio. 

Co-Chairman: H. W. Dierert, Harry W. Dietert Co., Detroit. 

Recorder: R. G. THorpr, Cornell University, Ithaca, N. Y. 

W. Y. BUCHANAN (Written Discussion)’: There is no doubt 
that silica sands expand on heating and may be a contributory 
factor in scabbing. 
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The total amount of expansion appears to be about 0.4 per 
cent while the air spaces in the rammed sand may reach 40 
per cent. This suggests that much of this 0.4 per cent ex- 
pansion can be accommodated on 40 per cent air space if a 
little resistance is offered. 

After going carefully through expansion tests and various 
types of expansion test castings included the 12-in. x 12-in. x 
2-in., the writer is of the opinion that the scab formation is 
predominantly a matter of gas pressure under the mold surface, 
permeability at that region, and strength to resist fracture undet 
pressure. 

Isolated scabs can be better explained by gas pressure. Ex- 
pansion must be uniform over the whole surface but gas 
pressure can concentrate on a weak spot like a blister on a 
defective car tire. 

Wood flour and other combustible material shrink on drying 
or burn out and thus improve permeability and so reduce scab- 
bing. 

Fiber increases strength during the critical high pressure 
period and so reduces fracture of scabbing. 

If permeability is considered as a measure of the amount 
of resistance offered by rammed sand to the passage of gas, it 
will be seen from the study made of progressively shorter test 
pieces to the same degree of ramming without correction for 
reduction in length that the permeability number of a normal 
drysand specimen rises from 70 at 2-in. length to 290 at % in. 
and this is the normal thickness of a scab in this sand, which 
has a predominant grain size of about 50 mesh. 

Plotting permeability of this sand against length of test piece 
and cemparing with similar tests on Erith Loam of predomi- 
nant grain size 150, it will be seen that if scabs form by back 
pressure at 34 in. below the mold surface where the perme- 
ability is 290, a similar back pressure in Erith sand will take 
place at slightly less than YY in. 

This suggests that the scab in the open-grained drysand is 
probably the same defect as the rat tail in the fine grained 
Erith sand, and that all scab defects are related whether they 
are called shell scabs, blind scabs, dumb scabs, buckles, draws 
down, or rat tails, with expansion a contributory factor (if it 
can be proved). 

Good castings have been made in olivine but good castings 
have also been made in silica sand. 


John Lang & Sons, Ltd., Johnstone, near Glasgow, Scotland 








PRACTICAL ASPECTS OF OLIVINE 
AS A MOLDING MATERIAL 


By 


John Sissener* and Bjorn Langum** 


* Olivine is an iron-magnesium silicate which has 
been used for years as molding material in the Nor- 
wegian foundry industry, especially in the steel found- 
ries. The mineral was first described by J. G. Werner 
in 1790. The name is due to its green color. 

The olivine rocks in Norway belong to the dunites, 
and contain minor quantities of other minerals like 
enstatite, magnesium emphibole, and traces of chro- 
mite, magnesite, phlogopite and corundum. Some de- 
posits containing serpentine are less suited as molding 
material. Minor deposits exist as natural sands. The 
hardness of the mineral is 6.5 to 7 (Moh’s scale) and 
the specific gravity is 3.25 to 3.4. 

The deposits are enormous, and open air mining 
is employed. The rock is crushed and delivered as 
molding sand. As delivered, olivine has the following 
approximate Composiiion: 50 per cent MgO, 41 per 
cent SiOz, 6 per cent FeO, small quantities of Fe,Oz, 
Cr,QO3, Al,O3, NiO, MnO, and traces of CoO. Ignition 
loss is 0.5 per cent. 

Sintering point is above 2900 F. Graph 1 shows the 
system MgO-SiO. after Bowen-Andersen!. Graph 2 
shows the system Mg,SiO,—Fe.Si0O, after Bowen- 
Schairer?. Olivine may be regarded as a neutral or 
slightly basic material. The diagrams show that the 
pure magnesium orthosilicate—“forsterite’— Mg.SiO, 
—is very refractory, but that the refractoriness is con- 
siderably less with increasing SiO, and iron oxides. 

The first attempts at using crushed olivine synthet- 
ically bonded as a melding sand started in a Norwe- 
gian steel foundry in 1927-1928%. As olivine was several 
times more expensive than silica, there was at that 
time no reason to proceed with olivine as molding ma- 
terial. But in 1938 industrial use of crushed olivine 
as a molding material for high chromium-nickel steel 
was successfully tried, and olivine has been used ever 
since because of the good casting surface produced. 

Until 1938 only a few cases of silicosis were known 
in Norwegian foundries, but in that and the following 
year many foundry workers were x-rayed. Silicosis was 
found to such a degree that it called for remedies. Be- 


* President, Norwegian Foundrymen’s’ Association and 
**Foundry Manager, A/S Drammens Jern, Drammen, Norway. 

Official Exchange Paper from the Norwegian Foundrymen’s 
Association to the American Foundrymen’s Society, presented 
May 2, 1952 at the International Foundry Congress in Atlantic 
City, N. J. 


cause olivine contains silicon dioxide combined with 
MgO and in smaller proportions, it was presumed 
that the risk of using olivine as molding sand was not 
as great as in using pure silica sand. Based on this 
presumption, olivine was again introduced as a mold- 
ing material and has been used since then in Nor 
wegian steel foundries. 

In 1940, tests were carried out with rabbits*. The 
rabbits were exposed to silica dust and olivine dust 
under the same conditions. In England tests were car- 
ried out with rats® in 1943-1945. In both cases exami- 
nation of the lungs sh wed olivine dust to be less 
dangerous than silica. 

After the German occupation the production of suit- 
able crushed olivine as a molding material was in- 





SAND TYPE 
3 





A. F.S. GRAIN FINENESS NUMBER 


67 108 132 214 





SIEVE 
NUMBER 


PERCENTAGE RETAINED 
6 
12 
20 
30 
40 
50 
70 
100 
140 
200 
270 


Pan 10. 


Table 1 . . . Showing the grain composition of sand types 
referred to throughout this article. 

















Jor N SISSENER AND ByorN LANGUM 





USES 





4 B 3 D 

90 ee 7.8 5. 
2 60 2.8 9.2 
3 24 2.5 11.4 3.0 
4 20 z.% Fa 4. 
5 12 2.4 8.0 3. 
6 100 0.4 1.7 
7 200 - - 


Steel molding sand 

Steel core sand 

Molding sand for machinery castings 
Molding sand for stove plates 
Molding sand for stove plates 

Oil sand cores 


Oil sand cores 


Table 2 ... Qualities of sand mixture after mixing. Letters at top of columns represent the following: A, sand mixture; 
B; green permeability; C, green shear strength, psi; D, green compression strength, psi; E, moisture. 


creased, and the steel foundries tried to replace silica 
with olivine as molding material. It is of primary im- 
portance to use olivine in steel foundries because the 
danger of silicosis is greater than in iron foundries. In 
Norwegian iron foundries the trend to use olivine has 
not been so general because of certain technical diff- 
culties which will be dealt with later on in this paper. 

One very important aspect of olivine is its ability 
to withstand heating and cooling without disintegra- 
tion. The thermal properties of a molding material 
based on olivine are different from those based on 
silica. Tests are going on in Norway to establish com- 
parable figures. Of great practical significance is the 
heat flow in the molding sand. When finely crushed, 
t 


Temperatur in °C. 


65 c) 
(35% s Oz 


fnstatite 


Per cerd Mg d. 


Graph 1 ... Magnesium silicates in the system MgO-SiO, 
on a weight basis. (Bowen and Andersen) 





olivine rock is also used as a parting and dusting pow- 
der and in washes. The annual consumption of crushed 
olivine as molding material in Norway is 8,000 tons. 
The price of crushed olivine, Table 1, sand type I, is 
$9.00 per ton; silica sand costs $5.60 per ton. 


Olivine for Steel Castings 
Olivine has given good results as a molding material 
for steel castings, but it has not been proved that re- 
sults are any better than with ordinary silica sand ex- 
cept for manganese and high chromium steels to 

which olivine gives an excellent surface. 
The sintering point is considerably lowered when 
the MgO content is lowered. Ferrous oxide (FeO) and 


/7eo 








/0¢e 
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do “ 
. ate. 2480.5) O2 
20.5; 0g Peat per cent ferolerite 





Graph 2 ... Equilibrium diagram of the system forsterite- 
fayalite on weight basis. (Bowen and Schairer) 
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aluminum oxide (Al,O3) have the same effect. Thus 
contamination with silica sand must be avoided in 
steel foundries. In iron foundries the sintering point 
is still high enough for ordinary castings, even when 
the olivine contains much silica sand. 

All kinds of binders have been tried, such as benton- 
ites, clays, cement, magnesia, dextrin, etc. Western 
bentonite has given the best results. Sulphite lye 
(““Totanin”) and dextrin have been added to the ben- 
tonite, partly te prevent the sand from drying out 
before molding, and partly to obtain a hard mold 
surface after drying. Castings weighing up to 15 tons 
have been poured in olivine-bentonite molds. Cement 
can also be used as a binder for olivine sand. Castings 
have been made in this mixture with the same pro- 
portion of cement to olivine as for cement to pure 
silica sand. At present, castings weighing up to 20 tons 
are made in cement-bonded olivine sand with satisfac- 
tory results. 

Olivine sand is treated and mixed in the same way 
as silica sand. Depending on the grain distribution, 
additions of bentonite from 2 to 4 per cent and of 
water from 4 to 6 per cent (by weight) produce the 
most suitable mixtures for green and dry sand mold- 
ing. Table 2, mixture 1, gives the properties of sand 
type 1, Table 1, wth 3 per cent western bentonite 
mixed and aerated in a mulling mixer. 

When sulphite lye and dextrin are added to the 
facing sand, the bentonite addition is corrspondingly 
decreased. The Dietert sintering point of these mix- 
tures is usually 2640 to 2730 F. 

Olivine saad bonded with bentonite is very sensi- 
tive to variations in water content. A slight evapora- 
tion of water or loss of moisture caused by absorption 
in bentonite added in dry condition makes the sand 
feel too dry and reduces its strength. But care should 
be taken not to add too much water, which will make 
the sand feel too pasty and make it difficult to work. 
After some time of practice the molder has no difficulty 
working in olivine. Olivine is about 25 per cent heav- 
ier than silica. The difference in apparent specific grav- 
ity due to the different shape of grains of the prepared 
molding sands, however, is less than 25 per cent. The 
finer the sand and the better the preparation, the less 


Fig. 1 . . . “Burnt-on” at the ingate of a carbon steel 
casting 11%4-in. thick. Casting at right as stripped, casting 
at left after 3 minutes blast cleaning. 


OLIVINE AS A MoLpING MATERIA. 


the difference. Synthetic olivine sand has not bee. 
tried in a slinger. 

For cores, approximately the same mixtures are 
being used as for molds, but with small additions of 
organic binders. Sand type 1 is in most cases too fine 
for oil sand cores, though very good results have been 
obtained with cereal binder and herring oil (used in 
Norway as a substitute for linseed oil). If very high 
strength is required, additions of 5 per cent western 
bentonite, 114 per cent herring oil and 5 per cent water 
to sand type 1 give good results (mixture 2, Table 2). 

The molds are usually dried. They are then coated 
with a wash of finely crushed olivine. The best results 
are obtained by using new olivine sand, adding ben- 
tonite, and drying the mold. In producing larger and 
more complicated castings drying is necessary to ob- 
tain a good result. 

At present all steel foundries in Norway use-olivine 
as molding material. Plain carbon steel, manganese 
steel, chromium-nickel steel (18 per cent Cr, 8 per 
cent Ni), high chromium-low nickel steel (27 per cent 
Cr, 4 per cent Ni) and low chromium steel (14 per 
cent Cr) are poured in olivine molds. As previously 
stated, results are more convincing with alloyed steel 
than with plain carbon steel. When plain carbon steel 
is poured in olivine molds, penetration is often ob- 
served, especially adjacent to the ingates and where 
the pattern has sharp corners, where the cores are 
small as compared to the casting section, and where 
the casting has a large surface; the larger the casting, 
the greater the penetration. 

For manganese and high chromium steels, the results 
with olivine molds are decidedly better in these re- 
spects. It is beyond doubt that olivine here represents 
a technical advantage compared to silica sand. 


Olivine for Iron Castings 


Crushed olivine is used as molding material in iron 
foundries in producing machinery castings and heavier 
castings weighing from less than | lb up to 8000 lb. 

When producing heavier castings, the same consid- 
erations for grain sizes and binders must be observed 
as for olivine in steel foundries. For dried molds which 
are blacked with graphite for gray iron, addition of 


Fig. 2... Manganese steel crusher jaw. Casting at left as 
stripped, casting at right after 3 minutes blast cleaning. 
There is no “burnt-on,” no adhering sand. 
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coul dust is not necessary. In green molding, coal dust 
or another substance of similar effect should be used 
to prevent adherence of sand to the casting. A finer 
sand Table 1, type 2, for instance) should be used to 
obtain a smooth surface. The properties of this sand 
mixed with 3 per cent western bentonite, 4 per cent 
coal dust (both by weight) and water, are specified in 
Table 2, sand mixture 3. 

It is not necessary to use pure olivine in the pro- 
duction of molds and cores. Olivine can be used to- 
gether with silica in all proportions, if the refractori- 
ness required is not too high. This makes the intro- 
duction of olivine molding sand easier for gray iron 
machinery castings. 

Olivine sand with the necessary addition of ben- 
tonite and coal dust gives very good molding material 
when combined with old sand mainly consisting of 
silica. After some time, through the addition of pure 
olivine sand to cover the losses, the molding sand will 
practically contain olivine only. 

At present only a few foundries have adopted the 
use of olivine in the production of machinery castings 
and heavier castings. However, crushed olivine has 
been used experimentally to a great extent in gray iron 
foundries in the production of hand and machine 
molded small castings, especially stove plate castings. 
Experiments have been carried out with many differ- 
ent types, but with pure crushed olivine only. Some 
of the types utilized are types 3 and 4, Table 1. Various 
bentonites, clays, and organic substances have been 
used as binders. Experiments have been made with 
and without coal dust, and with addition of wood 
flour and similz> agents. 

These binders and other substances have been 
used alone or in combination with each other. The 
experiments have shown that technically the best 
molding material is obtained when they are added to 
olivine sand in such proportions and combinations 
as are usual in preparing synthetic sand based on 
silica. However, the necessary quantity of water is 
less. The following examples may be mentioned: Sand 
type 3 with an addition of 4 per cent clay, 3 per cent 
coal dust (both by weight), and water (see Table 2, 
sand mixture 4); and sand type 4 with addition of 1.5 


Fig. 3 .. . High-chromium, low nickel steel wheels. This 
picture was taken before sandblast cleaning treatment. 
Compare with Fig. 4 at right. 
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per cent southern bentonite, 3 per cent coal dust (both 
by weight), and water (see Table 2, sand mixture 5). 

In spite of all experiments, no mixture has given 
a really usable result. The surfaces of the castings are 
not faultless. Small grooves partly filled with sand 
start at the ingates and spread inwards on the surface. 
This spoils the casting, and the specifications for the 
surface of competitive small castings are not satisfied. 

Olivine from green molding has been more difficult 
to prepare for re-use than molding sand based on 
silica. This applies to all mixtures tested. The olivine 
close to the casting is especially hard, having a tendency 
to bake together. Ordinarily, the greater the necessary 
addition of binders to make the olivine efficient as a 
molding material, the easier it is to prepare the 
olivine again. Larger or smaller additions of fine 
silica sand are possibly necessary to obtain usable re- 
sults. This is not a satisfactory alternative. Olivine is 
meant to prevent silicosis in the foundry industry, 
and therefore olivine ought to be used in pure condi- 
tion at all times. 

Various parting powders based on olivine have 
been tested. They have all proved to be less suitable 
than those which ace obtainable in the market. Oliv- 
ine parting powders are heavier, too. 

At present no foundry has adopted the use of 
olivine in the production of flat, thin castings. 

Crushed olivine is used as core sand in iron found- 
ries either alone or together with sand mainly consist- 
ing of silica. Depending on the type of cores, sand 
types of different grain sizes have been tested. Sand 
types 1 and 5, Table 1, may be mentioned as examples. 
Various bentonites, clays, linseed oil, sulphite lye, 
dextrin, and cereal binders have been used. The nature 
and proportions of binders added to obtain a usable 
core sand for various purposes partly depend on the 
grain size. Best results are obtained with approximately 
the same addition of binders as when the core is made 
of silica sand. However, the addition of water is less. 

Sand type 1, with addition of 1.5 per cent cereal 
binder, 1 per cent herring oil, and 3 per cent water 
(all by weight) may be mentioned as an example. The 
properties of this core sand are specified in Table 2, 
sand mixture 6. The properties of type 5, with the 





Fig. 4... Same wheels after blast cleaning. Castings are 
almost free from adhering sand. Cleaning costs are in- 
significant. Wheels were cast in sand mix 1. 
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same additions, are specified in Table 2, sand mix- 
ture 7. 

Compared with silica sand as raw material for cores, 
olivine sand has several drawbacks worth mention: 

1. Olivine sand is heavier. On account of this, the 
weight of the cove will increase considerably. 

2. Oil sand cores made from olivine sand have less 
green strength. The core flows. Stronger reinforce. 
ments are necessary if the core can be made at all. 

3. The drying of olivine sand cores takes more heat, 
and a thorough drying takes more time. 

4. Olivine sand cores retain the heat much longer. 

5. The organic binders in olivine sand cores do not 
burn to the same extent. When the section thickness 
of the core is large in proportion to the section thick- 
ness of the casting, then the casting is apt to tear over 
the core when cooling, even if the content of binders 
has been reduced so much that green strength has 
reached its lowest limit. 

6. It is more difficult to remove olivine sand cores 
from the castings, especially where the section thick- 
ness of the castings is small. 

Olivine sand cores have no special advantages as 
compared to silica sand cores, but in some cases they 
are equal. In production of castings in which the core 
is comparatively small, the results are very good. The 
core is supplied with so much heat that the organic 
binder will burn, so that there is no difficulty in re- 
moving the core. All this explains why olivine sand 
cores are used only to a small extent in iron foundries. 

Where refractory properties are of primary im- 
portance (such as for split cores and so-called “Cam- 
eron feeder cores’), olivine may be used to great 
advantage. 

Olivine in Non-ferrous Foundries 

In non-ferrous foundries, crushed olivine has been 
tested experimentally on a small scale. Olivine, sand 
type 3, Table 1, with 2 to 3 per cent bentonite and 
approximately 4 per cent water gives a satisfactory 
surface on heavier castings. As regards castings where 
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SANDBLAST 


Fig. 5... Stove plate casting (20 x 16 x % in., the ingates 
on the short sides) poured in olivine sand. The right side 
is as stripped, left side after cleaning. 
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a high surface finish is required, no usable results 
have been obtained. Altogether, so few tests hav: 
been made that nothing can be concluded on the us: 
of olivine in non-ferrous foundries. 


Summary 


Olivine is a highly refractory iron-magnesium sili 
cate. Crushed to a suitable grain size, it is utilized as 
a molding material in Norwegian foundries, particu- 
larly steel foundries. Its thermal properties are ver 
different from those of silica. The main reason fo: 
using olivine is the presumption that the risk oi 
developing silicosis is diminished. It is a technical 
advantage to use olivine for the manufacture of man- 
ganese steel and chromium-nickel steel. The results 
in iron foundries are not convincing. 
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Fig. 6 ... Olivine mixed with 4 per cent bentonite is used 
for ladle lining. This ladle has been used five times for 
cast iron with no repairing. 
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DISCUSSION 


hairman: C. C. SicerFoos, Michigan State College, E. Lansing. 
o-Chairman: V. M. Rowe tt, Archer-Daniels-Midland Co., 


veland. 
?ecorder: F. P. GortTrMAN, Standard Sand Co., Grand Haven, 


iich. 
irvVING WisE:? Have you found the grain size you indicate to 


the most desirable? 
\irn. SISSENER: No. More work must be done on sizing.. The 


wwegian government operates the mine and that is the only 


e available. 
G. §.. SCHALLER: * You could readily build a separator to ob- 


tain various sizes. 
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H. F. Taytor:* One should not expect olivine to greatly 
influence solidification and shrinkage. An advantage for olivine 
sand is that it is crushed and sized and theoretically, one can 
obtain any desired specific sizing which, when properly bonded, 
can be used for special uses. 

V. M. RoweL.:* If silica is introduced at the sana metal 
interface will it react with the iron oxide on the surface of the 
metal to form more fayalite and lower the refractoriness? 

Mr. SCHALLER: I doubt that such a reaction would occur. 


1 Olivine Products Corp., New York. 

2 University of Washington, Seattle. 

% Massachusetts Institute of Technology, Cambridge. 
* Archer-Daniels-Midland Co., Cleveland, 








Reamur in 1722 first mentioned the existence in 
France of itinerant iron melters who used, for melt- 
ing purposes, a small furnace, about 20 in. high. It 
consisted of a pot operating as a crucible and having 
a shaft on top. ‘They melted scrap iron using char- 
coal as fuel. Walking from one place to another, these 
artisans cast pots and pans, and when the require- 
ments of their customers were fulfilled they dis- 
mantled the plant and went elsewhere. 

At the end of the 18th century cupolas were sta- 
tionary units 18 to 24 in. high, equipped with a tap 
hole. Wilkinson, at the beginning of the 19th cen- 
tury, started to use coke and this new melting pro- 
cess spread quickly. 

Since then many inventors and foundrymen have 
tried to improve the cupola, the main object having 
been, in most cases, increase of the overall thermal 
efficiency. 

We should like to mention that a hot blast cupola 
was already used in a gun foundry in Liége in 1838;! 
another cupola of the same type was in operation in 
Germany in 1850? and one can still see this unit in 
Luisenhiitte at Wocklum, near Balve, Germany. 

We must admit that even with the up-to-date hot 
blast cupolas, foundrymen still have difficulty with 
oxidation of metallic elements and melting of re- 
fractories which result in lack of slag control and, 
consequently of the metallurgical reactions. 

The M.B.C. has not been developed from the old 
Reaumur or the Wilkinson cupola but from the slag- 
ging gas producer. 

Philipon, a French engineer, found that in slagging 
gas producers a certain amount of iron (approxi- 
mately 8 pct) charged with the limestone, favorably 
promoted tapping and that use of a coke with a high 


* Compagnie Générale des Conduites d’Eau, Liége, Belgium, 
and ** Consulting Engineer, Brussels, Belgium. 


Chis is an Official Exchange Paper from the Association Tech- 
nique de Fonderie de Belgique to the American Foundrymen’s 
Society presented at the International A.F.S. Foundry Congress 
in Atlantic City, May 5, 1952. The paper presents some results 
obtained with a 4-5-ton Metallurgical Blast Cupola (abbreviated 
M.B.C. in the paper) plant operating at Liége, Belgium. 
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ash content (25 to 30 pct) was quite possible. Pro 
gressively raising the amount of metal charged, Phil 
ipon obtained at the same time a gas of good calorific 
value and a cast iron having interesting qualities. 
Some literature concerning Philipon’s process can be 
found in the Revue de l’Industrie Minérale® and in 
Dr. Gumz? recent publication on gas producers and 
blast furnaces. 

In 1947, during a severe pig iron shortage in Bel- 
gium, the Compagnie Générale des Conduites d’Eau 
at Liége, which operates a large pipe spinning found- 
ry in Belgium, decided to elaborate on Philipon’s 
principle, the aim being production of good quality 
gray iron for pipe spinning, from charges consisting 
of 90 pct and even 100 pct mild steel scrap. 

After a development period of several months the 
plant, which has a capacity of 4 to 5 tons per hour, 
worked satisfactorily and as shown on the production 
chart (Fig. 1) the monthly production continuously 
increased for two years on a full industrial scale. 

During the experimental and development periods, 
all our efforts were constantly directed toward metal- 
lurgical improvements, having left for the time being, 
the problem of thermal efficiency, which has been 
solved satisfactorily as it can be deducted from the 
heat balance as discussed further on. 

This means that, instead of attempting to increase 
the CO, content of the gases, which is the case in the 
conventional cold or hot blast cupolas, we have al- 
ways tried to have the lowest possible CO, content. 

In conventional cupolas the gases have a high CO. 
content, which originates oxidation of the charge. 
This disadvantage is still more important in the melt- 
ing zone, the surface of contact of the molten iron 
being larger. 

The iron runs down in droplets, meeting the rising 
gases at such a high temperature, that all chemical re- 
actions take place very quickly. 

Jungbluth® has proven that the melting losses, cal- 
culated from FeO content of the slag, increase pro- 
portionately with combustion efficiency, which is given 
by the formula: 

CO, 





% Efficiency = —— f 
co + CO, 
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Some cupolas, as mentioned by Longden, ® are run 
under such conditions that the CO in the combus- 
tion zone is high, the CO being burned to CO, by 
introduction of air above the combustion zone. Gumz 
suggested introducing flue gases from the combustion 
of blast furnace gas (waste gases having a high CO, 
content) instead of air. But Prof. Jungbluth’s state- 
ment remains valid for cold and hot blast cupolas. 

The M.B.C. operates with a reducing atmosphere 
in the combustion zone as well as in the melting zone. 
We should like to point out that when mentioning a 
reducing atmosphere, we mean an atmosphere which 
reduces SiO, under prevailing conditions. A constant 
stream of iron droplets falls through a constant depth 
of slag at high temperature, of constant composition. 

At high temperature (approximately 2780 F) oxy- 
gen in presence of C and Si reacts with the carbon 
and not with the silicon. From experience we know 
that with the M.B.C. there is no melting loss from 
oxidation of iron, silicon or manganese. The tuyeres 
have a special design and are projected into the body 
(Fig. 2). The blast is preheated at a temperature 
approximately 930 F and kept constant within close 
limits. 

When examining the problem of the slag, it is well 
known that there exists no difficulty in obtaining a 
slag having good fluidity by adding to the metal 
charges appropriate quantities of flux, e.g., limestone. 
The amounts of limestone required can be estimated 
from the figure given in the HANDBOOK oF CUPOLA 
OPERATION’ for the following purposes: 


1. Oxidation Reactions. In average cupola _prac- 





tice, with a soft iron mixture (about 2.75 Si, approxi- 
mately 20 Ib of limestone are required to form cal- 
cium silicate. 

2. Coke Ash. An equal weight of limestone to the 
ash content is required to combine with the ash. 

3. Cupola Lining. Normally 10 to 15 lb of lime- 
stone per ton of metal charge to combine with the 
lining coming down during the melt, but depending 
upon the type of metal charge and temperature. 

4. Sand and Dirt. In average practice of ordinary 
gray iron melting approxmately 20 Ib of limestone 
for making fluid slag. 

With the Metallurgical Blast Cupola, there is prac- 
ticaly no limestone required for oxidation reactions. 

For coke ash, more limestone is necessary, the con- 
sumption of coke being higher. 

For cupola lining materials, the amount of lime- 
stone is extremely low; the water-cooled shell, and the 
thin special lining preventing the wear of the refrac- 
tory material. 

For sand and dirt, obviously, the quantities re- 
main identical when charging the same materials. 

Attempts have already been made to prevent the 
wear of the lining by using basic refractory or by 
water-cooling the shell, but in both methods the oxi- 
dation of Si, Mn and Fe is not prevented when the 
cupola operates in an oxidizing atmosphere. 

We may add that in basic cold blast cupolas the 
reactions between metal and slag are confined within 
certain limits, the basic slag having a higher melting 
point and a lower fluidity. The high temperature of 
slag and iron, reached in the Metallurgical Blast 





























Fig. 2 


Cupola promotes desulphurization as well as FeO 
reduction. 

The slag is not contaminated either by melted re- 
fractory material or by oxidized metals, two factors 
on which no control exists in conventional cupolas, 
thus ensuring a slag having a constant composition 
during the whole melting period. 

The constant stream of iron droplets falling 
through a constant depth of slag of constant composi- 
tion results in conditions which, for all practical pur- 
poses, are consistent with chemical equilibrium. 
One of the important advantages of the M.B.C. is 
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that it is possible, within a very short time, to alte: 
the composition of the metal running out the spou , 
by operating on the composition of the slag onl . 
going over from basic to acid, or vice versa. 

Even from iron charges consisting of 100 pct mil i 
steel scrap, the M.B.C. gives the possibility to vary 
the carbon content of the iron within the range cof 
approximately 2.8 to 4.2 pct always with a low su- 
phur content as shown later. 


Description of the Plant 


The M.B.C. at the first glance appears to be a com- 
bination small blast furnace, slagging gas produccr 
and a cupola. Figure 3 shows the general layout of 
an M.B.C. plant. The top of the M.B.C. is closed by 
a bell-shaped lid which is removed automatically, 
preparatory to introduction of the charge. The 
gases are collected at the top and pass through in- 
sulated pipes first to the dust collector (2) where 
the heavy dust particles are eliminated and after to 
a gas cleaner (3) in which the cleaning of the gases 
is performed, this in order to prevent the pollution 
of the atmosphere and the dust accumulation in the 
air preheater. The exhaust fan (4) compensates the 
draught loss in the gas cleaner. 

A portion of the clean gas (approximately 40 pct) 
feeds the gas burners (5) heating the combustion 
chamber; auxiliary burners are provided for the start- 
ing up periods. In some cases the burners are of the 
combined type and can be fed by fuel oil for starting 
up the plant while normally fed by gas. The fan 
(6) provides the necessary air for the combustion of 
the gas. The exhaust fan (7) takes the flue gases 
from the air heater and blows them into the atmos- 
phere. The blower (8) blows the blast into the air 
heater in which the temperature of the air is pre- 
heated to 930 F. From the outlet of the air heater 
the blast is led to the tuyeres. 

The water-cooling of the shell of the cupola and 
that of the tuyeres is performed by a water pump 
(9). A continuous slagging spout (10) is provided and 
ensures a constant height of slag in the well. The 
separated slag and the cooling water are drained to- 
gether, the slag being granulated and becoming a 
recuperable by-product. 

Several instruments such as air-flow meters, indicat- 
ing control pyrometers, pressure and suction indica- 
tors, CO/CO, analyzers as well as apparatus ensur- 
ing the automatic regulation are provided as shown 
on the instrument panel (11), Fig. 3. 


Heat Balance 


Experiments carried out at Liége on the 4-ton per 
hr cupola have shown the following results (Fig. 4): 

Per metric ton of metal charged: 

Coke consumption—198 kg (436 Ib). 

Analysis of coke—Volatile matter, 1 pct; Moisture, 
2 pet; Ash, 7 pct; Net calorific value, 7,200 cal. 

Temperature of molten iron at spout—1540 C 
(2800 F). 

Slag—55 kg (121 Ib). 

Temperature of gases, top of cupola—300 C (570 F). 

Analysis of gases (dry)—CO., 4 pct; CO, 26.6 pct; 
Hy», | pet. 
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Volume of air blast—760 cu meters/hr (SCM at O 
C, 760 mm). 

Moisture in air—l1 gr/cu meter (SCM). 

Atmospheric pressure—760 mm Hg. 

Non-metallic charge—Limestone, 26 kg (57 Ib); 
Thomas slag (8 pct P), 25 kg (55 Ib). 

Metal charge—NMild steel scrap, 964 kg (2121 Ib); 
Analysis—0.05 C, 0.20 Si, 0.60 Mn, 0.10 P, 0.04 S; 
FeSi (50 pct), 36 kg (79 Ib). 

Analysis of cast iron—3.3 C, 2.0 Si, 0.6 Mn, 0.30 P, 
0.05 S. 


For every 1000 kg (2200 Ib) of metal charged, at the 
spout we get: 
1000 kg (2200 Ib) of metal 
28 kg (62 lb) of C of recarburization reincorp- 
orated 
2 kg (4.4 lb) of P reduced from Thomas slag 
which means a total of 1,030 kg (2266 Ib) of cast iron. 


Heat Input 
Coke—Taking into account the carbon reincorporated 
into the metal remains for heating purposes: 
198 — 32 = 166 kg (365 lb) of coke giving 143.5 
kg (316 Ib) C. 
1. Calorific value of coke 
cal. 
2. Heat from hot blast air at 500 C (930 F) — 686 « 
160 = 109,800 cal. 
3. Heat developed by combustion of coke: 
12.7 pct of the carbon in coke is burned to CO. 
87.3 pct of the carbon in coke is burned to CO 


166 < 7200 = 1,195,000 


Combustion reaction 
c =k. O. == Co, 8074 cal /kg 
C + Y% O. = CO + 2414 cal/kg 


Fig. 3 





47 























Heat developed 
CO.- 143.5 « 0.127 « 8074 = 147,090 
CO 143.5 & 0.873 « 2414 = 302,210 
Total 449,300 cal 
4. Since the M.B.C. operates with a reducing atmos- 
phere, there is no heat developed by oxidation of 
silicon or manganese. 


Heat Output 


A. Metal 
Temperature of metal charges—20 C (68 F) 
Melting temperature—1510 C (2750 F) 
Final (pouring) temperature—1540 C (2800 F) 


Heat Required 
(a) In solid state steel scrap— 
1004 « 0.207 « 1490 =. 309,700 cal 
Cand P— 30 « 0.435 « 1520 = 19,800 cal 
(b) Heat of fusion 
Steel scrap— 
1004 « 65.6 = 65,900 cal 
(c) Final (pouring) temperature— 
1540 C (2800 F) 
Steel scrap— 
1004 « 0.28 «x 30 = _ 6,900 cal 


Total Heat Required 402,300 cal 
B. Slag 
(1) Calcination of limestone 
—Wsght. of CaCO; = 26 kg (57 Ib) 
Heat of decomposition 
26 « 438 = 11,390 cal. 
(2) Formation and melting of slag 
Heat of reaction, per kg CaCO;—516 cal/kg 


















Heat of decomposition ” —43g " °” 
Heat available 26 x78 = 2028 ”" ” 
Assuming that the slag reaches the same tempera- 
ture as the metal: 
Heat required 55 & 0.28 « 1520 = 23,408 cal 
Heat to be supplied 

—23,408—2,028 — 
(3) Total heat to be supplied 
-11,390+-21,380 = 32,770 cal 


21,380 ” 


C. Moisture in the air 
Water to be evaporated—11 x 760 = 8,360 grams 
Heat to be supplied—8360 x 0.586 = 4,900 cal 


D. Heat losses by water cooling the shell 
Approximately 10 cubic meters of water has beer: 

used per ton of metal charged, the temperature of 

which having risen from 20 C (68 F) to 30 C (85 F). 
Heat losses—10,000 > (30 — 20) = 100,000 cal 


E. Gases at Top of Cupola 
Composition of gases 
— COs, 4 pct; CO, 26.6 pct; Hye, 1 pct 
Net calorific value 
— 795 cal/cu meter at O C, 760 mm Hg 
Taking into account the sensible heat of the gases 
at 300 C (570 F) the calorific content is 889 cal/cu 


meter. 
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Volume of gases per ton of metal charge 
— 807 cu meters/hr (SC!) 
895 < 807 = 717,400 cil 
F. Air Heater 
The theoretical volume of blast air is 686 cu 
meters/hr per ton of metal charged but considering 
the losses we assume that 760 cu meters/hr are to be 
preheated, which means that we consider all the 
leakages into and after the air heater. 
Heat required to raise the temperature from 20 C 
(68 F) to 510 C (950 F) 
—~—760 « 0.321 « 490 = 120,000 cal 
Heat required to evaporate the moisture—4,900 cal 


~124,900 cal 
17,100 cal 


Total heat 

Heat losses by radiation and conduction 

Heat to be supplied by the effluent gases- 
124,900 + 17,100 = 142,000 cal 

Temperature at the inlet of the air heater— 
850 C (1560) F 

Temperature at the outlet of the air heater- 
400 C (750 F) 
Volume of effluent gases passing through the air 
heater 142,000 /450 x 0.371 = 850 cu meters /hr 
Losses by sensible heat in effluent gases at 400 C (750 
F) 850 « 136 = 115,600 cal 








HEAT BALANCE MBC. 
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Heat to be supplied at the inlet of the air heater— 
142,000 + 115,600 — 257,600 cal 
Heat to be supplied at the inlet of the combustion 
chamber assuming a combustion efficiency of 85 pct— 
257,600/0.85 — 303,000 cal 
Volume of gases at 889 cal/cu meter for heating the 
blast 303,000/889 — 341 cu meters 
which means (341/807) « 100 = 42.2 pct of the 
(otal gases. 
Heat available in gases— 
717,000 — 303,000 — 414,000 cal 
Overall efficiency = 
Heat absorbed by iron 





Heat content of coke—heat content of top gases 
402,300 
= — = 51.5 pct 
1,195,000 — 414,000 

In the plant considered, the temperature of the 
gases at the inlet of the air preheater has been 
brought down to 850 C (1560 F) by mixing fresh air. 
In case the top gases remaining available are used, a 
more economical solution would be to recycle a por- 
tion of the flue gases from the outlet of the air heater 
into the mixing chamber before the air heater re- 
sulting in a substantial increase of above-mentioned 
efficiency. We may add that the temperature of 400 
C (750 F) of the flue gases at the outlet of the air 
heater represents a maximum, this temperature being 
between 300 C and 400 C (570 F and 750 F). 

When considering the coke consumption only, one 
would judge at first glance that the overall efficiency 
of the M.B.C. plant must be lower than those reached 
with conventional hot blast cupolas. Above results 
do show that this is not correct, the efficiencies of hot 
blast cupolas being between 40 and 50 pct, depending 
upon the CO/CO, contents of the top gases and the 
temperature of the preheated blast air whereas in 
cold blast well operated cupolas, efficiencies of 30 to 
35 pct are attained. 

The high coke consumption is due to the fact that 
the charges consist of 100 pct steel scrap and it is 
well known that the specific heat and the heat of 
fusion are higher for steel scrap than for pig iron and 
cast iron scrap. On the other hand the temperature 
of the cast iron is higher in the M.B.C. approximately 
1540 C (2800 F) whereas 1470 C (2680 F) in the con- 
ventional cupolas. 

Figure 4 shows the heat disposition and distribu- 
tion of the losses. It may be objected that in con- 
ventional hot blast cupolas the top gases still have a 
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iatent and sensible heat content, but from a practical 
point of view it does not seem well to clean the gases 
in such a way that they can be led and utilized at a 
certain distance from the cupola. Therefore the top 
gases, not used for preheating the blast, are con- 
sidered waste gases. 

It substantially pays to install a gas cleaner for 
cleaning gases having a heat content of 889 cal/cu 
meter whereas it is debatable for gases having a heat 
content of roughly 400 cal/cu meter. The gas clean- 
er simultaneously solves the delicate problem of dust 
accumulation in the air preheater. 

To summarize, it should be noted that the M.B.C. 
operates as a combination cupola and slagging gas 
producer. Some examples of application of the M. 
B.C. are as follows: 


1. Cast iron for spinning pipe foundry. The M.B. 
C. plant installed at Liége has melted as of Jan. 1952 
more than 45,000 metric tons of cast iron. The aver- 
age of the charges is approximately as follows: 

Metallic charges—Steel scrap — 65 pet 

Iron scrap — 41.5 pet 
Ferrosilicon — 3.5 pct 
Non-metallic charges (in per cent of iron melted)— 
Coke — 17.5 pct 
Limestone — 2.6 pct 
Thomas slag (8 pct P) — 2.3 pct 
Producing a cast iron with the following average 
analysis—C—3.53, Si—2.35, Mn—0.45, P—0.55, S—0.55. 
while the average analysis of the slag has been—CaO, 
—44.0, SiO.—36.0, Al,O,;—15.0, CaS—3.5, MnO—0.70, 
FeO—0.80. The quantity of slag was approximately 
150 lb per ton of metal melted. Consumption of re- 
fractory in the lining and front slagging spout has 
been approximately 2.2 lb of graphite-base compound 
per ton of cast iron. 

2. Low sulphur iron. Sam Carter and E. Ren- 
shaw® have published some experimental results on 
the subject of desulphurization of basic slags. The 
best results, with regard to desulphurization, re- 
ported to these authors, are shown in Table 1, to 
which we added two compositions obtained with the 
Metallurgical Blast Cupola slags at Liége. 

We have calculated the ratio De = Su — 

Sr 
each of the compositions reported. In this formula: 
Sx = Sulphur charged in metal (Column 8, Table 1) 
Sr = Final sulphur in cast iron (Columns 9 and 10) 
The ratio D, shows the desulphurizing effect (Col- 
umns I] and 12). When comparing the results of 


Sr for 


TABLE 1—DESULPHURIZATION 




















Test No. SiO, CaO MgO MgO CaO4MgO Al:0; Total Su s Sr ; De% 
Equiv. Equiv. Aver. Min. Aver. Min. 

1 2 3 4 5 6 7 8 9 10 1 12 

Carter 513 22.6 53 7.8 10.8 63.8 9.0 95.4 0.050 0.032 0.015 36.0 70.0 
23.7 _ sate ats 66.9 9.4 100.0 - on nie ee ia 

Renshaw 32.0 44 10.0 14.0 58.0 9.0 99.0 0.075 oo 0.030 = — 60 
32.3 ae a an 58.6 9.1 100.0 o - sith Be on 

M.B.C. LIEGE 34.5 49 ain _ 49.0 12.5 96.0 0.050 0.024 0.017 52.0 66 
No. 4 36.0 51 on on 51.0 13.0 100.0 st am on in ree 
M.B.C. LIEGE 33.0 48.5 _ — 48.5 15.5 97.0 0.070 0.050 0.036 =. 28.6 48.5 


No. 8 34.0 50.0 —_— a 50.0 


16.0 100.0 — — on ane — 
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the desulphurization of the basic slags with those of 
the M.B.C. slags, we came to the following conclu- 
sions: 

1. The results of M.B.C. slags compare favorably 
with those of basic slags. 

2. The quantity of sulphur taken off per pound ol 
slag must be more important in the M.B.C., for the 


following reasons: 

Per ton of iron melted: 

(a) The amount of sulphur arising from coke 
is higher, the coke consumption being higher. 

(b) The quantity of slag is lower, which means 
a higher concentration. 

This favorable desulphurizing effect reached with 
the M.B.C. is the result of a lower FeO content in 
the slag, and the high temperature of same. 

R. Rocca, W. J. Grant and J. Chipman’? and C. W. 
Pfannenschmidt'! have shown the bad effect of the 
FeO in the slag on desulphurization. Furthermore 
it is easier to produce a basic slag with the Metallur- 
gical Blast Cupola than with the conventional cupola 
even with basic lining. Renshaw and Sargood!? have 
shown that, without lining wear, as in a basic cupola, 


SO 
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the ratio CaO /SiOy, increases from 0.56 to 1.57. Whe 
making the calculations from the figures given | 
these authors it is easy to demonstrate that prever 
ing oxidation of silicon, as in the M.B.C., this rat 
increases from 1.57 to 2.6. 

It may be of some interest to show on the ternai 
diagram of basic slags the points corresponding to 
above-considered M.B.C. slag compositions. Referring 
to Fig. 5 it appears from the position of roints 4 and 
8 that they are near the area in which basic slays 
operate. It should be noted that, on the ternary 
diagram, it has been necessary to consider the four 
components: SiO., Al,O;, CaO and MgO. It seems 
logical to group the strong bases CaO and MgO and 
to convert the MgO into CaO equivalent (40 gr 
MgO = 56 gr CaO). From above considerations it 
appears that it is possible to obtain with the M.B.C. 
cast irons having very low sulphur contents with 
slags being far less calcareous, thus having bette: 
fluidity than in basic cupolas. 

The benefit of obtaining economically low-sulphu 
iron is most interesting for the production of nodu- 
lar iron, and for steel making in a convertor where 
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the low sulphur and phosphorus content of the iron, 
pr: duced from all steel scrap charges, is a special ad- 
vaiitage. 

Ingot molds. Experimental castings have been 
made from charges consisting of approximately 100 
pc: steel scrap and a small quantity of ferrosilicon. 
Tie cast iron had a carbon content of 4 pct and the 
coke consumption was 20 pct. This metal is most 
suitable for ingot molds. 


|. Alloy cast iron.. The reducing temperature of the 
M.B.C. results in the possibility of melting alloys 
such as nickel and chromium with no melting loss. 


Advantages 


|. Metallurgical control of reactions. By adjusting 
the slag analysis, alterations and corrections on the 
charge are possible. The metal poured at the tap 
hole can definitely be different from the metal charged 
at the top, while the conventional cupolas produce 
at the best a cast iron having an equal quality to 
the average of the material charged. For instance cast 
iron with a high carbon content can be produced 
from all steel scrap charges, as well as low carbon 
cast iron from high carbon charges. 

When taking into account the difference in prices, 
existing on some markets, between cast iron scrap, 
steel scrap and pig iron it is sometimes possible to 
amortize an M.B.C. within a few months, and in any 
case to be independent of pig iron in case of short- 
age of this material. 

2. The melt is continuous or intermittent over 5- 
day periods, according to production requirements. 
The cupola operates 8 or 16 hr daily with no patch- 
ing being necessary. The cupola can be kept banked 
for a period of 40 hr, and then a constant analysis 
metal can be obtained from beginning of remelting. 
Due to the above features, one M.B.C. is able to per- 
form the duty of two conventional cupolas. 

3. The temperature of the iron is very high, ap- 
proximately 2800 F; it is completely deoxidized and 
of outstanding quality. Without special additions, 
the sulphur can be held under 0.06 pct, granting to 
melt iron with a low manganese content, less than 
0.5 pet. Increased fluidity, decrease in scrap, an im- 
provement in the melting operation and a substan- 
tial increase in production result. 

4. As it can be deducted from the calculations of 
the heat balance, the overall thermal efficiency is 
somewhat higher than in conventional hot blast cu- 
polas, when taking into account the elimination of 
the melting losses. Even when no use can be made 
of the effluent gases the thermal efficiency becomes 
33.7 pct which is still somewhat higher than that in 
cold blast cupolas. 

5. There is no melting loss from oxidation of the 
iron, silicon or manganese in the cupola. The melt- 
ing losses in foundry practice, consist of three differ- 

ent losses: 

(a) The material being paid for as iron may con- 
tain adhering sand (sand-cast pigs), iron oxides and 
other undefined dirt found in the scrap pile. 













(b) The real melting loss resulting from oxida- 
tion of iron, silicon and manganese in the cupola. 

(c) Iron lost and taken out with the old sand. 

The sum of these three items can be found by sub- 
tracting the weight of the good castings produced 
from the iron charges during a given period, taking 
into consideration the weight of the returns (gates, 
risers, scrap castings). From experience we can state 
that, for instance, with charges consisting of approxi- 
mately 75 pct steel scrap, 5 pct FeSi, the balance 
being cast iron scrap, no iron loss will be found. 
The reason for this is that the iron oxide of the 
charge is dissolved in the slag and recovered by re- 
duction to iron; the oxidation of iron, silicon and 
manganese is practically nil owing to the reducing 
atmosphere and the carbon pickup ranging from 0.10 
up to approximately 3.6 on 75 pct of the charge, 
fully compensates for the dirt and the iron lost with 
sand. 

6. The cupola can use coke of low quality with 
high sulphur and ash content. 

7. The cupola may be run with an acid or a basic 
slag with no difference in refractory consumption, 
which, in both cases, is extremely low (2 Ib per ton 
of metal melted). 

8. The slag, granulated by the cooling water run- 
ning from the cupola, is turned into a saleable by- 
product with low FeO content which can be used for 
cement making. 

9. One hour melting production is held in a re- 
ceiver at a temperature of 2800 F without heating 
(ladle preheated before starting). 

10. Due to the fact that the gases are cleaned be- 
fore the air heater the delicate problem of atmos- 
pheric pollution is also solved. 

The cost of this type of plant is obviously higher 
than that of a conventional cupola, but the above 
enumerated advantages fully pay for the extra cost. 
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DISCUSSION 


Chairman: J. D. SHetey, The Black Clawson Co., Hamilton, 
Ohio. 

Co-Chairman: R. A. CLARK, Electro Metallurgical Div., Union 
Carbide & Carbon Co., Detroit. 

Recorder: W. T. Bourke, American Brake Shoe Co., Mahwah, 
N. J. 

S. F. Carter (Written Discussion):* The authors have re- 
ported some ver, progressive developments in cupola operation 
which are commendable. 

The cupola described is a basic cupola since the slags obtained 
have the basicity sought in basic operation, and accomplish the 
chemical objectives. One of the greatest influences on the slag 
is the refractory lining consumed. The usual approach is to 
substitute basic refractories to obtain slag basicity. The authors, 
following another approach, have used water cooling and car- 
bon refractories to the point of reducing refractory consumption 
to a negligible effect on slag chemistry. Reduced oxidation from 
the high temperature blast also promotes slag basicity. This 
seems to be a “defensive” basic cupola, from the refractory 
standpoint, where the production of acid consi.tuents is re- 
strained, in contrast to a cupola with a basic lining in which 
an “offensive” effort is made to add bases faster than acids are 
produced. 

I have a few questions. Is water circulation continued while 
the cupola is shut down at night and over week ends? 

Has any effort been made to investigate the, effect of higher 
blast volumes and higher internal pressures, as tried in some 
blast furnaces? The enclosed top should retard the high velocity 
and usual troubles of overblowing and possibly permit increased 
output if thermal efficiency is not sacrificed. 

Has any effort been made to operate the MBC without any 
gas production? If so, can the coke be reduced and the blast 
temperature lowered to the point where all the exit gas is con- 
sumed in pre-heating the blast? Could better efficiency be ob- 
tained, purely from the melting standpoint, by a plant not 
desiring gas production? 

Mr. Dost: Water cooling was shut off during long shut- 
down periods (e.g. overnight), but the water cooling in the 
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tuyeres was left on. Higher pressures have not been tried; 
windbox pressure is about 30 in. of water. No attempt has 
been made to reduce coke, as it was felt that this would deicat 
the purpose of striving for a reducing atmosphere. 

Mario Ouivo:* The most important feature of the Meial- 
lurgical Blast Cupola was that it was possible within a very 
short time to alter the composition of the metal by altering he 
composition of the slag from acid to basic or vice versa. ‘I his 
is a revolutionary development about which I would like fur- 
ther explanation. 

Mr. Doat: Since oxidizing conditions were not present there 
was no contamination by SiO, from the lining. We operate 
with a very deep layer of slag (approximately 15 in.) in the 
cupola, thus the reactions have more time to take place. 

Mr. Otivo: How long does it take for the slag to change 
from acid to basic? 

Mr. Doat: This can be done in the same melt and requires 
only the time necessary for the flux to be charged to the melt. 

GostA VENNERHOLM:* The authors are to be congratulated 
on the fine work they have done on the Metallurgical Blast 
Cupola. Work on water-cooled cupolas, both acid and basic, is 
necessary if progress is to be made in the foundry. The cupola 
is the most neglected equipment in the foundry, the average 
cupola operating or. every second day. From our experience 
we find that refractory consumption was reduced from 56.3 Ib 
per ton to 10 Ib per ton with water cooling. Cooling tubes 
placed conically caused a Venturi effect resulting in an exces- 
sively high melting zone. We found 70 per cent iron oxide in 
the slag half way up the cupola due to cold air passing next to 
the wall. Projecting water-cooled tuyeres as used by Levi and 
Doat is a step in the right direction to overcome this condition, 
We operate the water coolers without refractory covering because 
the refractory lasts only about an hour and is therefore of no 
value. It would be possible to operate the cupola 16 hr daily 
for 6 months using 3.2 lb of refractory per ton of iron. 


‘ _ Aeon Melting Superintendent, American Cast Iron Pipe Co., Birming- 
am, Ala. 

* Vice President, Centro de Fonderia, Milan, Italy. 

3 Assistant Manager, Manufacturing Research, Ford Motor Co., Dearborn, 
Mich. 
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ABSTRACT 

This paper is a critical survey of grading analysis for the 
A.F.S. fineness test. An examination of the various sources of 
error in sieving throws emphasis on the effect of oversize aper- 
tures, and on the importance of the duration of sieving. The 
errors due to sampling and sieving are examined and found 
to be of the same order. The correct time for a number of 
sieving machines is determined. Grading analyses on differeni 
sieve sets show apparently large discrepancies in the results for 
comparable sieves, even though the fineness numbers do not 
differ seriously; these discrepancies are shown to be due to 
slight differences in the effective apertures of the sieves. A 
method is developed for calibrating unkown sieves using stand- 
ard sands under standard conditions. The A.F.S. fineness num- 
ber is discussed and a new distribution index is proposed. 


i. introduction 


The American Foundrymen’s Society grain fineness 
test to determine the grain characteristics (texture) of 
a molding sand is highly important, since texture in- 
fluences most other properties of the sand as well as 
the surface of the casting. 

Considered broadly the test may be divided into 
three main sections: 

i) Removal and estimation of “A.F.S. Clay.” 

ii) Determination of the size distribution of the 
“sand” grade by a grading analysis. 

iii) Classification of results (determination of the 

A.F.S. grain fineness number, etc.). 
The A.F.S. clay is defined! as “that earthy portion of 
a foundry sand which, when suspended in water, fails 
to settle 1 in./min and which consists of particles less 
than 20 microns (0.02 mm) in diameter.’ The term 
“sand” grade is used for the material remaining after 
the removal of A.F.S. clay. 

The A.F.S. method involves sedimentation of a 50- 
gram sample of the deflocculated molding sand and 
the removal of particles failing to settle at the speci- 
fied rate, followed by a grading analysis by sieving on 
standard sieves. The A.F.S. grain fineness number is 
the weighted average of the mesh sizes of the par- 


* Foundry Sands Investigator, Division of Industrial Chem- 
istry, Commonwealth Scientific and Industrial Research Organi- 
zation, Melbourne, Australia. 

Note: This is the Official Exchange Paper to the American 
Foundrymen’s Society from The Institute of Australian Foundry- 
men, Victorian Division. 
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ticles, i.e., the approximate mesh of the theoretical 
sieve through which the sample would just pass if its 
grains were of uniform size. Table 1 sets out the 
nominal apertures of the sieves specified by the A.F.S., 
the factors used and ‘a typical calculation of a fineness 
number. 


TABLE 1—DATA FOR CALCULATING A.F.S. GRAIN 
FINENESS NUMBERS 





Fineness Calculation 

















Nominal Material 
ASTM Aperture, Remaining 
Sieve No. mm Facto on Sieve, % Product 
6 3.36 3 0.0 0 
12 1.68 5 0.6 3 
20 0.84 10 3.6 36 
30 0.59 20 8.7 174 
40 0.42 30 27.4 822 
50 0.297 40 21.1 844 
70 0.210 50 8.9 445 
100 0.149 70 4.2 294 
140 0.105 100 1.8 180 
200 0.074 140 1.2 168 
270 0.053 200 0.4 80 
Pan 300 2.2 660 
Total Percentage of Sand Grade 80.1 
Total Product 3,706 
Total product 3706 
A.F.S. Grain Fineness No. = => — = 6 
Total percentage 80.1 





ve 


Determination of A.F.S. clay has been surveyed 
critically by a number of authors, notably Haseman,? 
who discussed the effect of different electrolytes on 
deflocculation, and Hills,* who studied different meth- 
ods of estimating clay substance. More recently hy- 
drometer and pipette methods have been studied+5 
to examine the “‘silt’’ fraction and to study the effect 
of silt on the properties of molding sand. 

However, the strength of a molding sand depends 
not only on the amount but also the type of clay, 
so that, as a further step, quick routine methods of 
identifying clay types are needed. Clay substance 
will not be discussed further except to state the 
author’s opinion that although the determination of 
A.F.S. clay in its present form is not of fundamental 
significance, it serves two main purposes: 








i) it provides a useful service check on a) deliveries 
of new sand, and b) the state of sand heaps, es- 
pecially with synthetic sands 

ii) it provides a clean material for the grading 
analysis. 


Il. Grading Analysis 


Accuracy of Sieving: Sieving tests by their very 
nature are necessarily empirical and procedure must 
therefore be rigorously standardized to obtain re- 
producible results. MacCallman‘® has discussed a num- 
ber of variables in sieving of which differences in 
sieve fabrics, differences in sieve mountings and fit- 
tings, time of the sieving test (and the size of the 
sample), and sampling are most important in foundry 
sand testing. Sampling will be discussed at a later 
stage. 

Sieve Fabrics are specified by the aperture, the wire 
diameter and the mesh number (the number of aper- 
tures per linear inch): any two are sufficient to define 
the fabric. Difficulties inherent in weaving necessi- 
tate tolerances not only on nominal and maximum 
aperture but also on the proportion of oversize aper- 
tures less than the maximum. This practice .is fol- 
lowed in both ASTM? and British Standard’* speci- 
fications. 


* British Standard sieves with nominal apertures conforming 
to the ASTM specification can be chosen to correspond to the 
sieves specified by the A.F.S. The mesh numbers are 5, 10, 18, 
25, 36, 52, 72, 100, 150, 200, 300. Many British workers use sets 
in which the sieves below 100 mesh are substituted by 8, 10, 
16, 22, 30, 44 and 60 mesh; the author considers this undesirable 





owing to the break at 60 mesh in the \/2 relationship between 
the apertures. 


The work of a number of authors throws emphasis 
on the harmful effect of the oversize apertures. 
Rammler® concluded that the effects of faulty fabric 
were more pronounced with a steep slope of the 
cumulative distribution curve in the region of the 
particular sieve size and with increased sieving time; 
that the sieving result always tended toward that 














Fig. 1—Ro-tap sieve shaker. 
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value which would be obtained on a perfect sic 
with an aperture equal to the greatest aperture in 
the sieve; and that oversize apertures approachi ig 
the maximum permissible variation from the nomii al 
were the main cause of the error. 

Weber and Moran!® showed that the effective ap » 
ture was increased when a sieve had a high cis- 
persion of apertures (as measured by the standarc 
deviation of the openings) and concluded that satis- 
factory results were obtained only if the standard 
deviation of the openings was not greater than 6 per 
cent of the average.* 


= 
' 


~ 


* This suggests that the tolerances of ASTM specification 
E11-39 are over-generous.’?’ With a standard deviation of 6 per 
cent, the proportion of apertures expected to exceed the nominal 
by 20 per cent would be less than 0.05 per cent as compared 
with 5 per cent as allowed by the ASTM tolerances for the 190- 
mesh sieve; with such a tolerance the standard deviation would 
be approximately 12 per cent. Measurements of apertures have 
shown that their frequency distribution follows the normal 
distribution. 


Work'! found that irregular apertures affect the 
grading results more when sieves are used in nests, 
and that comparatively small errors in successive sieves 
of a close series appreciably affect the values obtained, 

To overcome these difficulties a number of writ- 
ers®-12 consider that actual sieving tests in which the 
unknown sieve is related by a correction factor to 
an arbitrarily chosen master sieve are the best means 
of comparing and standardizing sieves. A method of 
calibration is developed in Section III. 

Differences in Sieve Mountings and Fittings: These 
may have a definite (though generally slight) effect 
on sieving results. Overstretching in mounting may 
cause distortion of the cloth, and poor workmanship 
may result in retention of fine particles on a wide 
layer of the jointing solder or in losses from minute 
holes in the joints, or from bad fit of sieves in the 
nest. Minute tears are especially harmful; often they 
may appear narrower than the aperture but under 
the sieving action may open and pass a large part of 
the material normally retained. 

Influence of Time and Size of Sample: Two stages 
are involved in the sieving process; first, the elimina- 
tion of the fine particles which will pass the apertures 
of the sieve easily, and second, the elimination of 
particles which will only just pass the apertures when 
presented in the most favorable position, these being 
termed “near-mesh” particles. Heywood!* showed 
that whereas the fine material was eliminated quickly 
the rate of elimination of near-mesh particles de- 
creased as sieving proceeded, the time required to 
sieve to a definite rate of passing being dependent 
on the aperture of the sieve and the proportion of 
near-mesh particles. 

Protracted sieving time permits opportunities not 
only for the most favorable presentation of near- 
mesh particles to the apertures, but also for the 
passage of oversize particles through oversize aper- 
tures. Sufficient time must be allowed for the frac- 
tion retained on the sieve to approach constancy with- 
out allowing the effect of the oversize apertures to 
predominate. 

If the amount passed by the sieve is plotted against 
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time, the curve falls steeply and then flattens. The 
ma‘erial passing the sieve on the “flat’’ portion of the 
cuive is composed of both near-mesh particles ul- 
tinately presenting their least cross section to the 
sieve, and oversize particles passing oversize apertures. 
he form of the curve will be modified by the 
intensity of the sieving machine and the size and 
size-distribution of the material; the narrower the 
size distribution and the finer the particles the longer 
the time to reach the flat portion of the curve. Thus 
the most suitable sieving time corresponds to a point 
past the “knee” of the sieving curve but not suffi- 
ciently far along the flat portion to allow the effect 
of oversize apertures to predominate. 
The size of the sample is related to sieving time. 
For a given time samples of different size produce 





Fig. 2—Inclyno sieve shaker. 


different distributions. Since it may be shown that 
the number of particles per aperture increases pro- 
portionately as the size of particle decreases, the size 
of sample should be given sieving time decrease with 
the size of particle to allow the same relative oppor- 
tunity for a particle to be presented to an aperature, 
or alternatively with the same size of sample the siev- 
ing time should be increased proportionately. 

With a nest of sieves it should be borne in mind 
that although a constant weight of sample be adopted, 
the charge on any sieve will vary not only with the 
size-distribution of the material but also throughout 
the time of sieving. In practice, in the A.F.S, fine- 
ness test two factors lessen the disadvantage of a con- 
stant-weight sample with sands of different fineness: 

i) In general (though not always) very fine sands 
contain a high proportion of clay substance and the 
sample for grading analysis is therefore often as low 
as 20-30 grams. 

ii) For the coarser sieves the tolerances on oversize 
apertures are much more stringent and the dispersion 
of aperatures is generally less than for finer sieves. 














Fig. 3—Selby 
jolter. 





Hence, with coarser sands, a sieving time designed for 
finer sands will not cause serious trouble from the 
passage of oversize particles through the coarser sieves. 

As small a sample as possible is desirable to keep 
the sieving time to a minimum, but too small a 
sample leads to loss in accuracy of both sampling 
and weighing. Samples of the order of 50-100 grams 
are convenient and will give consistent results. The 
author considers the A.F.S. sample of 50 grams very 
satisfactory except for occasional coarse sands and 
refractories, when 100 gram samples may be employed. 


Experimental 


Experiments were made to determine the variations 
due to sampling and sieving, to compare different 
sieve sets and shakers and to standardize the sieving 
time of different shakers againt a machine recom- 
mended by the A.F.S. 

Experimental Procedure: Five groups of sands were 
used in the investigation: 


Ye ee ee a . fineness approx. 50 
Se ee Sock Sais ... fineness approx. 80 
ee ree .. fineness approx. 90 
Sands BD, and Dy, «.....-+.. fineness approx. 140-150 
RIE a ee fineness approx. 25 


Sand D, was digested with hydrochloric acid for 4-5 
hr to remove adhering iron oxide. 

Three sets of sieves were used: 

i) a set of half height ASTM sieves; 

ii) a set of half height BSS sieves; 

iii) a set of full height BSS sieves belonging to 
foundry “A.” 

The first two sets conform to specifications? with 
data as shown in Table 2. 

The standard deviations of the measured apertures 
were less than 6 per cent with the exception of ASTM 
270 mesh (10.4 per cent) and the BSS 60 (8.0 per 
cent), 150 (6.6 per cent), 200 (11.3 per cent) and 300 
(10.3 per cent) mesh sieves. 

For each test, samples of 50 grams were used. In 





TABLE 2—DATA ON STANDARD SIEVES 
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Variation in Variation in 











ASTM Nominal Measured Average Aperture, % Maximum Aperture, % 
Sieve Aperture, Average - il 
No. mm Aperture, mm Permitted Measured Permitted Measured 

ASTM Sieves 
12 1.68 1.69 3 +1 10 5 
20 0.84 0.83 5 onl 15* 9 
30 0.59 0.60 5 2 15* 6 
40 0.42 0.43 5 +2 25 8 
50 0.297 0.308 5 +4 25° 10 
70 0.210 0.215 6 2 25° 10 
100 0.149 0.147 6 nil 408 4 
140 0.105 0.106 7 +1 40" 13 
200 0.074 0.075 7 +1 60° 10 
270 0.053 0.055 7 4 90" 19 
BSS Sieves 
10 1.68 1.72 3 2 10 8 
16 1.00 1.03 3 +3 10 8 
22 0.70 0.70 5 0 20 8 
30 0.500 0.514 5 +3 20 10 
44 0.353 0.352 5 0 20 9 
60 0.251 0.252 6 +1 35 24 
100 0.152 0.155 6 +2 35 15 

150 0.104 0.098 8 —6 50 7 
200 0.076 0.072 8 mal 50 10 
300 0.053 0.055 8 +4 80 24 


“Not more than 5 per cent of the openings shall exceed the nominal opening 
by more than one half of the permissible variation in maximum opening. 





preparing the samples a quantity of sand, mixed by 
rolling on a leather mat, was reduced by a riffle to 
between 50 and 100 grams. This was again mixed 
by rolling on the leather mat and 50 grams were 
sampled carefully from it with a spatula. 

When samples were sieved for varying times the 
amount on each sieve at any one time was weighed 
and then carefully replaced on that sieve. 

Fineness numbers for sands sieved on BSS sieves 
were calculated using the factors of Table 3, obtained 
by interpolation from the ASTM nominal apertures. 

Sampling: I'o determine the variation due to samp- 
ling and sieving five samples of sand D, were each 
sieved five times through ASTM sieves for 30 min 
each on the Inclyno shaker. The results are set out 
in Table 4 and the fineness numbers in Table 5. The 
mean for the 25 tests is 136.4. 

a) Fineness Numbers: The total variation shown 
by the 25 fineness numbers may be divided into two 
parts, one due to differences between samples and 
the other to sieving variations within samples. From 
the statistical analysis (Appendix I) it is seen that 
with the technique adopted in these tests the varia- 
tions due to sieving are of the same order as the 








TABLE 3—-FINENESS Factors FOR BSS SIEVEs 
BSS Sieve No. Factor 
Oe ihr. oe Seo ieth oat 5 5 
en re Ae ee ie 9 
ER eee ae oer a en a, oe 16 
gee ves ORR A Meni cena oo 25 
_ ESRI AS LONE ee er mT aE. 36 
oh hace pce eee oe 45 
Eee mee ee aie 60 
SE ak ath indo ak waiisasiveas bela 100 
SARS Se ere 140 
MOE oaks talthd iba cee aemeduane 200 
DOE 5 osang sce ensks dared sn ehege 300 








variations due to sampling. Also, 10 per cent of the 
observations may be expected to differ by at least 
3 per cent from the mean, and | per cent of the ob- 
servations may be expected to differ by at least 5 
per cent. 

This may be compared with the results of Krynitsky 
and Raring'® who found with a sand of fineness 
approximately 70 that the maximum sampling error 
under the conditions of their test was approximately 
3.4 per cent. 

b) Grading Results: Just as there are apparently 
large differences in the fineness number, so the 
amount retained on any one sieve varies, e.g., for 
Sample I the amount retained on the 200-mesh varies 
from 38.8 to 41.6 per cent. When the analysis is 
summarized by a fineness number the method of 
calculation tends to obscure the differences in the 
amounts retained on the various sieves. Hence, the 
variation in amounts retained on individual sieves 
would be expected to be somewhat greater than varia- 
tions in the fineness numbers. 

The amounts retained on the 200-mesh sieve are 
typical: with the technique adopted, 10 per cent of 
the results may be expected to differ by at least 5 
per cent from the mean, and | per cent of the results 
may be expected to differ by at least 8 per cent (Ap- 
pendix II). Similarly, in resieving the one sample, 
differences of at least 5 per cent may be expected 
from 10 per cent of the results. As a corollary, the 
practice of reporting the percentages on individual 
screens to more than one place of decimals is mislead- 
ing. 

Sieving Time (Inclyno Shaker): Sands B and D, 
were sieved for varying times on the Inclyno shaker 
to determine the effects of prolonged sieving. The 
results are set out in Tables 6 and 7, and the fineness 
numbers are graphed in Fig. 4. 

For sands of fineness 80 or less the flat portion of 
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the sieving-time curve is reached prior to the first 
20 min, but prolongation of sieving to 30 min would 
cause little variation in the results. For sands of 
fineness 150 the comparable portion of the curve is 
noi reached until 30-40 min. 

it is interesting to compare the results for sand D, 
at 30 and 340 min. At 340 min the retained fractions 
had become substantially constant, but the fineness 
number had increased from 150 to 168 and the pan 
material from 9.4 per cent to 13 per cent; this con- 
firms the effect of prolonged shaking on the part 
played by oversize apertures in determining size dis- 
tribution. 

Ro-tap Shaker: Three samples of sand D, were 
sieved on the Ro-tap shaker for periods of 5-15 min. 
The means of the results are set out in Table 8 and 
the fineness numbers are graphed in Fig. 5. Thus 
15 min (the time specified’) is sufficient for a sand 


TABLE 4—SAND D, SIEVED THROUGH ASTM SIEVEs 
30 MIN ON INCLYNO SHAKER 





ASTM 
Sieve Sample I 
ih 2 - F---"e- S 2 3 ae 2 


30 06 06 06 06 06 06 O06 O06 O06 06 
40 10 )610)—~=6«10 1.0 1.0 1.2 1.2 1.2 1.2 12 
50 1.2 1.0 1.2 1.0 1.0 1.2 is if t8 
70 10 #610 )= «610 10 1.0 1.0 10 #10 410 4210 

100 72 Te Tt VW 2 Ta Ce Te Bae we 
140 33.2 31.8 33.4 304 32.6 32.2 322 322 320 33.4 
200 40.0 41.6 388 41.2 39.2 422 396 39.6 414 39.6 
270 90 86 86 88 88 82 86 86 88 84 
pan 62 66 76 82 80 60 74 80 64 7.0 

Total 100.0 99.4 996 99.4 99.4 100.0 996 996 99.4 99.8 

Fine- 
ness 133 134 135 137 136 132 135 136 134 = 134 
No. 


Sample II 











ASTM 
Sieve Sample III 
ma Fee ae SS Or 2 ee ee Se 


30 06 O06 06 04 06 06 O06 O06 O06 0.6 
40 1.4 = 1.2 12 1.2 1.0 1.0 1.0 10 61.0 
50 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10 8610 1.0 
70 08 O8 O08 10 O8 O08 O8 O8 O8 O8 
100 72 78 76 76 72 66 64 64 66 64 
140 34.0 30.8 32.0 348 304 308 29.0 29.8 29.8 29.6 
200 437.8 41.0 39.0 396 414 406 428 420 41.2 42.0 
270 90 84 90 74 88 98 94 96 96 88 
pan 20 @2 82 64 062 08 08 026 938 S82 
Total 99.8 99.8 99.4 99.4 99.6 100.0 99.8 99.8 99.6 99.4 
Fine- 
ness 136 137 137 132 137 139 140 140 140 = 140 
No. 


Sample IV 














No. = 3 4 5 
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SIEVING TIME (MIN) 
Fig. 4—Fineness number-time curves of sands B and D, 
sieved on Inclyno shaker. 
TABLE 5—-FINENESS NUMBERS FOR SAND D, SIEVED 
TuHrouGH ASTM Steves For 30 MIN ON 
INCLYNO SHAKER 


(Each sample sieved five times) 











Sieving Sample 

ee ee” ee ee 
L188 132 136 139 ~=——t«<2‘SKT? 

2 134 135 137 140 135 

3 135 136 137 140 137 

4 137 134 132 140 138 

5 136 134 137 140 138 
Mean 135.0 134.2 135.8 139.8 137.0 





TABLE 6—SAND B SIEVED ON INCLYNO SHAKER 











BSS 
Sieve Sieving Time, min 
No. 20 30 40 80 120 
8 0.3 0.3 0.3 0.3 0.3 
10 0.2 0.2 0.2 0.2 0.2 
16 0.8 0.8 0.8 0.8 0.8 
22 0.6 0.6 0.6 0.5 0.4 
30 1.8 1.7 1.7 1.5 15 
44 2.7 2.7 2.7 2.8 2.8 
60 5.5 5.1 5.0 4.9 4.7 
100 58.8 57.8 57.2 55.7 55.0 
150 26.2 27.0 27.6 29.2 30.0 
200 1.4 1.8 2.1 2.2 2.4 
300 0.5 0.6 0.6 0.6 0.6 
pan 1.1 1.2 1.2 1.3 1.3 
Total 99.9 99.8 100.0 100.0 100.0 
Fineness 
No. 78 79 79 80 81 





TasBLe 7—-SAND D, SIEVED ON INCLYNO SHAKER 





BSS 
Sieve Sirving Time, min 


No. 20 30 40 ~=©60 80 160 250 310 340 











30 06 O06 O06 O06 0.6 
40 ie? Be ® ae ee 
50 2 if 2% i2 
70 0.8 10 08 08 08 
100 72 22 @€8 68 @8 
140 $2.0 33.8 30.0 304 30.0 
200 40.0 386 420 416 42.0 
270 8.8 8.6 9.6 88 9.0 
pan 84 76 76 82 80 
Total 100.0 99.6 99.6 99.2 99.2 
Fineness 
No. 137 135 137 138 138 


30 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
44 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 
60 1.1 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
100 2.7 2.7 2.7 2.6 2.6 2.5 2.5 2.5 25 


150 $37.1 252 2386 224 210 176 154 150 145 
200 35.7 43.2 41.9 40.7 41.1 404 388 376 37.8 
300126 166 19.5 218 22.5 25.1 283 296 29.5 
pan 9.2 9.4 9.7 99 100 118 125 128 13.1 


100.0 99.8 100.0 1000 999 100.0 100.1 100.1 100.0 
Fineness 
No. 143 150 153 155 157 162 167 168 168 
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Fig, 5—Fineness number-time curve of sand D , sieved on 
Ro-tap shaker. 


of fineness approx. 140 to reach the balan-e between 
satisfactory sieving and emphasis on oversize aper- 
tures.* 


*In the 1944 edition of the FouNpRy SAND TestinG HAND- 
BOOK no sieving machine :s specified. 





Defective Sieves: Over a period it was noticed that 
fineness numbers determined by foundry “A” were 
in general higher than those in the laboratory on 
similar sands. 

Samples of sand D, were sieved in both laboratories 
for 30 min on a Selby Jolter (Table 9). 

The fineness number from foundry “A” sieves was 


TABLE 8—SAND D, SIEVED ON Ro-TAP SHAKER 





ASTM . 

Sieve Sieving Time, min 
Me & «5 io. se ss 30 
20 0.0 0.0 0.0 0.0 0.0 0.0 
30 0.6 0.6 0.6 0.6 0.6 0.6 
40) 1.1 1.1 1.1 1.1 1.1 1.1 
3. O98 1.0 0.9 0.9 0.9 0.9 
70 0.8 0.8 0.7 0.7 0.7 0.7 
100 6.5 5.8 5.7 5.5 5.3 5.2 
140 28.3 27.1 26.5 26.0 25.7 25.4 
200 43.2 43.8 44.0 44.2 44.2 44.4 
270 10.7 11.3 11.6 11.8 12.0 12.1 
pan 7.8 8.0 8.9 9.2 9.4 9.6 

Total 99.9 100.1 100.0 100.0 99.9 100.0 

Fineness 

No. 189 142 14% 144 145 145 





TABLE 9—SAND D, SiEvVED THROUGH FouNprRY “A” 
AND BSS SIEVES 





BSS Foundry “A” Sieves BSS Sieves 
Sieve on Foundry “A” on M.T.C. 
No. Selby Jolter Selby Jolter 

30 0.1 0.2 

44 1.5 1.2 

60 0.3 1.0 
100 2.6 2.4 

150 8.2 19.5 
200 44.0 45.5 
300 12.0 20.1 
pan $1.2 10.1 
Total 99.9 100.0 
A.FS. 

Fineness No. 190 156 













much higher than that from the C.S.IR.O. sieves, 
mainly due to the larger amount of pan materi: |. 
Differences in apertures were not sufficient to accou it 
for the discrepancy; in fact, the aperture of the fou»- 
dry “A” 300-mesh sieve was approximately 14 p:r 
cent less than the nominal value, and therefore less 
pan material might be expected. The foundry “A” 
sieve contained two small tears (Fig. 6) which, hovw- 
ever, under the microscope appeared unlikely to affect 
the results. 

To eliminate the difference between the laboratory 
machine and that of foundry “A” and to investigate 
the effect of the tears, a sample was sieved on three 
different machines, using two sets of sieves (Table 10). 


TaBLeE 10—SANpb D SIEVED THROUGH FouNDRY “A” 





SIEVES 
Minus 300 Mesh 
Foundry“A” = =——sS«&BBSS- 7 
Shaker Sieves, % Sieves, % 
Ro-tap 6.5 : 9.6 : 
Inclyno, 30 min 7.8 10.0 
M.T.C. Selby, 30 min 13.5 10.1 





The tears apparently had little effect with the Ro- 
tap and Inclyno shakers, but the action of the Selby 
Jolter caused the tears to open and pass an increased 
percentage of pan material. On inspection, the foun- 
dry “A” Selby Jolter was found to run in the reverse 
direction to that at the Melbourne Technical Col- 
lege, resulting in much more vigorous shaking which 
accounts for the much higher percentage of pan 
material obtained by foundry “A.” 

The two tears were repaired and sand D, was 
again sieved on the foundry “A” jolter with the result 
that the 300-mesh fraction (20 min sieving time) was 
reduced from 19.6 to 6.7 per cent. 

The surprising effect of such a small defect illus- 
trates the necessity for maintaining sieves in perfect 
condition. Each sieve should be examined weekly 
under a low power microscope or hand lens for 
defects, and grading analyses should be checked for 
abnormal results. 


Comparison of Sieve Shakers 


Ro-tap and Inclyno Shakers: The shakers were com- 
pared in two experiments using sands C and D,. Ten 
samples of sand C and eight of sand D, were sieved 
through ASTM sieves. Half of each were sieved for 
15 min on the Ro-tap and half for 20, 30, and 40 min 
on the Inclyno shaker. The fineness numbers are 
set out in Tables 11 and 12. 

The statistical analyses (Appendices HI and IV) 
showed that, with either sand (and presumably those 
of intermediate fineness), sieving for 40 min was 
necessary for results similar to those for 15 min on 
the Ro-tap. There was a significant difference for 
20 min on the Inclyno, but for sands of fineness 
within the range 90 to 140 it was possible to convert 
the Inclyno results to those for 15 min on the Ro-tap 
by multiplying by 1.03 (Appendix IV). 

The difference of 3-4 per cent between 15 min 
sieving on the Ro-tap and 30 min on the Inclyno 
would have little practical significance, since different 
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7 .\BLE 11—-FINENEss NUMBERS FOR SAND C SIEVED 
ON THE RO-TAP AND INCLYNO SHAKERS 











Ro-Tap Inclyno 

15 min 20 min 30 min 40 min 
. sa ve 88 90 91 

93 90 91 91 

93 89 91 91 

93 90 91 91 

91 86 88 90 
Mean 92.4 88.6 90.2 90.8 





TaBLE 12—-F1NENEsS NUMBERS FOR SAND D, SIEVED ON 
THE Ro-TAP AND INCLYNO SHAKERS 





Ro-Tap Inclyno 
15min | 20 min ~ 30 min ~ 40 min— 
138 133 “135 137 
142 132 135 137 
143 136 139 140 
143 131 133 134 
Mean 141.5 133.0 135.5 137.0 





grab samples from a heap or pit would vary by at 
least 4 per cent and further, other factors would 
have a much greater effect on surface finish than a 
3-4 per cent difference in fineness. Thirty min was 
considered the most desirable sieving time. It was 
therefore decided to sieve all sands for 30 min on 
the Inclyno shaker and if necessary to convert to 
Ro-tap figures using the factor 1.03. 

Inclyno and Coombs Type Shakers: Similar experi- 
ments were made (using sand D,) to compare the 
Inclyno shaker with a Coombs type run for 10, 15 
and 20 min. Fifteen min on the Coombs type did 
not differ significantly from 30 min on the Inclyno, 
but when the means of the Inclyno fineness numbers 
were multiplied by 1.03 to convert to Ro-tap figures 
(above) there was a significant difference, and 20-25 
min sieving was necessary for comparable results. 

Inclyno and Cheers Shakers: At a later date it was 
decided to change from the Inclyno to the Cheers 
shaker (a machine similar to the Coombs type with 
an action imparted by the out-of-balance motion of 
a rotating quadrant weight). Tests using sand D, 
showed that 25 min were required on the Cheers 
machine for results comparable to 30 min on the 
Inclyno shaker. The quadrant weight on the Cheers 
machine was altered to reduce the time to 15 min. 


Comparison of Sieves 


Twenty-four samples of sand D, were prepared. 
Eight were sieved through ASTM sieves, eight through 
BSS sieves and, eight through foundry “A” sieves, 
four of the samples in each group being shaken on 
the Ro-tap shaker for 15 min and four on the Inclyno 
shaker for 20, 30 and 40 min. The fineness numbers 
are set out in Table 13. 

The fineness numbers for BSS and foundry “A” 
sieves have been calculated using the factors set out 
in Table 3. When these factors are used (Appendix 
V) there is no significant difference in the results for 
ASTM and BSS sieves, but the foundry “A” sieves 
differ significantly. 

Fineness numbers calculated for ASTM and BSS 
sieves agree closely. However, an inspection of the 
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TABLE 13—-FINENESS NUMBERS OF SAND D, SIEVED 
THrouGH ASTM, BSS, AND Founpry “A” SIEVEs 
ON THE RQ-TAP AND INCLYNO SHAKERS 








Ro-Tap 
—-—UmUmlt—~—“‘“(i<itiaSSSC~*” Foundry “A” 
oy ig tae = neon Mok a ee 

142 141 154 
148 139 151 
143 138 153 


Mean 141.5 141.8 151.0 





Inclyno 


; Foundry “A 


ASTM BSS 


20 30 40 20 30 40 20 30 40 
min min min min min min min min min 

133 135 137 132 135 137 139 143 144 

132 135 137 130 134 137 136 1389 142 

136 139 140° 135 139 140 139 143 146 

131 133 134 133 136 138 144 146 147 
Mean 133.0 135.5 137.0 132.5 136.0 138.0 139.5 142.8 144.8 





Mean of all observations 


EG cts rescen eebhie 136.8 
2S ee 137.1 
Foundry “A” ...... .. 1445 








Fig. 6—Tear in 270-mesh sieve. X&8. 


grading analyses on which these fineness numbers are 
based (Table 14) reveals what at first sight appear 
to be obvious discrepancies, e.g., there is a difference 
of 8.2 per cent between the average amounts remain- 
ing on the 150-mesh sieves, and a difference of 8.4 
per cent between the average amounts remaining on 
the 200-mesh sieves. 

Although each set conforms to its standard speci- 
fication,’:’ there are nevertheless slight differences in 
the measured apertures of comparable sieves. (It 


TaBLe 14—Sanp D, Stevep THRouGH ASTM, BSS Anp 
Founpry “A” SIEVES FOR 30 MIN ON THE 
INCLYNO SHAKER 





Foundry “A” 


ASTM Sieves BSS Sieves Sieves 
Average Aper- Average Average 
Sieve Aperture, on _ Sieve ture, on Sieve on 
No. mm _ Sieve,% No. mm Sieve,% No. Sieve, % 
70 0.215 3.5 60 0.252 2.9 60 3.0 
100 0.147 6.5 100 0.155 4.4 100 5.4 
140 0.106 $2.4 150 0.098 406 150 244 
200 0.074 41.1 200 0.072 32.7 200 42.1 
270 0.055 9.5 300 0.055 122 300 20.5 
Pan —— 6.9 Pan — 6.9 Pan 4.6 
Total 99.9 99.7 100.0 
Fineness 
No. 136 136 143 
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| Fig. 7—Cumulative distribution 
curve for sand D, on ASTM 
and BSS sieves. 
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should be noted here also, that the nominal aper- 
tures of comparable sieves in the two series differ by 
similar small amounts.) 

To examine the effects of these small differences 
in aperture, points for cumulative distribution curves 
were plotted for the BSS and ASTM sieves. A single 
curve could be fitted to the plotted points of both 
sets of sieves (Fig. 7), and thus there was no inherent 
difference between the results from the two sets, the 
apparent large discrepancies of Table 14 being due 
in reality to the small differences in both the aperture 
and the behavior of the sieves (differences in disper- 
sion of apertures, etc.). 

The magnitude of permissible variations in nomin- 
al aperture in any one sieve series is of the same 
order as the variation between the BSS and ASTM 
sieves, and therefore similar apparent discrepancies 
may occur when using different sets of the one series, 
e.g., the —40 +50 mesh fraction of standard sand 
ST2477B (see Section III) would vary between 23.0 
and 29.5 per cent with 50-mesh sieves whose nominal 
apertures varied between the upper and lower toler- 
ances of the ASTM specification. 

The fineness number of foundry “A” sieves dif- 
fered significantly and it was immediately obvious 
that this could be attributed to differences in average 
aperture coupled with differences in behavior of the 
sieves themselves (effect of oversize apertures, etc.). 
It was therefore decided to calibrate the sieves, tak- 
ing the ASTM set as standard and using the method 
described below (Section III). The 300, 200 and 150- 
mesh foundry “A” sieves behaved as theoretical 320, 
190 and 130-mesh ASTM sieves. 

Although the fineness numbers for the BSS and 
ASTM sieves did not differ significantly, it was also 
decided to use the method of calibration to bring the 
apertures of the BSS sieves into line with those of 
the ASTM sieves; the 200- and 150-mesh BSS sieves 
behaved as theoretical 195- and 150-mesh ASTM 
sieves. 

Fineness numbers were recalculated using these 
new factors (Table 15). The statistical analysis (Ap- 
pendix VI) showed that the fineness numbers from 
any of the sets did not then differ significantly. 

The tests were repeated using sands C (fineness 90), 
A (fineness 50) and E (fineness 25), and where neces- 
sary new factors were determined for the remaining 
sieves. 
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The sieving of these four sands has enabled the 
fineness factors of BSS and foundry “A” sieves to be 
studied, for all practical purposes, throughout the 
whole range. It has been shown that slight differ- 
ences in average aperture coupled with the effect of 
oversize apertures has made some of the sieves behave 
as the equivalent of ASTM sieves of slightly different 
aperture. The effective apertures of such sieves have 
been determined and new fineness factors calculated. 
These new factors are compared with the A.F.S. fac- 
tors in Table 16. 


ill. A Method for Calibrating Sieves 


Figure 8 shows an ideal cumulative distribution 
curve in which the size is plotted against cumulative 
per cent oversize. The shape of the curve is a char- 
acteristic of the size distribution of the material; any 
one material will give the same curve whatever the 
method of determining size, provided the method is 
exact. In practice molding sands and similar mater- 
ials are sieved on standard screens and the cumulative 
oversize is plotted against measured aperture. The 
results for two perfect sieves of aperture A and A, 
would be represented by the points X and X,. 

Conversely, if the curve has been determined and 


TABLE 15-—CorRECTED FINENESS NUMBERS OF SAND D, 
































Ro-Ttap 
ASTM BSS Foundry “A” 

an 138 149 138 

142 141 146 

143 139 144 

143 137 145 

~— Inclyno 

pat ASTM -BSS Foundry “A”! 





20 30 40 20 30 40 20 30 40 
min min min min min min min min _ min 








1388 185 187 1382 1385 187 192 196 1357 
182 185 187 129 184 187 129 182 135 
136 139 140 134 138 140 132 136 = 6139 
131 1388 184 132 136 199 188 189 140 





Computed using complete set of new factors listed in Table 16 
Mean of all readings 


ey re ere 136.8 
Ee eee 136.8 
he eS 137.4 





A.F.S. Fineness T: st 
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T H. \. STEPHENS 
the cumulative oversize on a sieve is C,, the aperture 
of ‘he sieve would be A,. Thus, by sieving a sand on 
sie: es of known aperture, plotting the cumulative dis- 
tribution curve and then sieving the same sand on 
sieves of unknown aperture and determining the cum- 
n ulative per cent oversize on each unknown sieve, the 


Ml unknown sieves may be calibrated by reading off their 
apertures from the cumulative distribution curve. 

This method has been used in this laboratory for 

standardizing sieves of Australian foundries. Three 

standard sands suitable for the range of A.F.S. sieves 

are sieved through the C.S.I.R.O. screens (whose aper- 

tures have been carefully measured). They are then 

sieved by the foundry concerned, the apertures of the 
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six times on ASTM sieves and foundry “B” sieves 
with the results shown in Table 17. 

Both the grading and the fineness numbers differed 
considerably, and it was obvious that some sieves were 
behaving as oversize, e.g., 63.6 per cent only was re- 
tained by the 140-mesh foundry “B” sieve compared 
with 90.8 per cent on the 100-mesh ASTM sieve. The 










TasBLe 16—-FINENEss Facrors For ASTM, BSS, AND 
Founpry “A” SIEVES 
















ASTM Sieves 


BSS Sieves 





so New Factor 
Original a ——— 


Fineness Foundry 












































Mesh No. Factor MeshNo. _ Factor C.S.I.R.O. 
screens are related to the measured C.S.I.R.O. (mas- nnn ene ae 2 
ter) sieves by determination from the cumulative dis- h . h . bs “ 
‘ : ne —“c ¢£ Z f < 2 i) 2 2 
tribution curve, and new A.F.S. fineness factors are 20 10 16 9 9 9 
calculated. 30 20 22 16 16 16 
As seen in Section II, the sieving value depends 40 30 30 25 25 25 
: not only on the average aperture, but also on the 50 = 4 36 r r 
f dispersion of apertures and the method of shaking. a > me = a z 
e The above calibration method therefore relates the 140 100 150 100 95 97 
t unknown sieve set shaken under the particular found- 200 140 200 140 150 130 
6 ry’s conditions to the standard sieves and method of 270 200 300 200 195 190 
’ shaking adopted in this laboratory. Pan 500 Pan 500 300 $20 
As an example, the author sieved sand “No. 72” 
TABLE 17—SIEVING OF SAND “No. 72” 
(Average of Six Sievings) 
ASTM Sieves Foundry “B” Sieves 
1 icy Mesh Cumulative Cumulative 
» iL—_.  ¢ No. Per Cent Per Cent Per Cent Per Cent 
=] —— - —E 
OVERSIZE | 12 0.2 0.2 0.2 0.2 
| 20 0.3 0.5 0.2 0.4 
i! 30 0.2 0.7 0.3 0.7 
1! 40 0.4 1.1 0.5 1.2 
y i] 50 1.4 25 0.6 1.8 
it 70 8.8 11.3 2.9 4.7 
i! 100 45.2 56.5 20.4 25.1 
140 34.3 90.8 38.5 63.6 
i 200 6.9 97.7 33.6 97.2 
' if 270 1.1 98.8 2.1 99.3 
| Pan 1.3 100.1 0.8 100.1 
aly Total 100.1 100.1 
- A.F.S. Grain Fineness No. (original factors) 
SIZE OF PARTICLE 
PE haw e tdede cevabes 87 
4 ‘ . . oe , ee, SEP eee 108 
Fig. 8—Typical cumulative distribution curve. 
T T T T T T T . 
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Fig. 9—Cumulative distribu- w 
tion curve of sand “No. 72.” E 
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TABLE 18—-DATA ON FouNDRY “B” SIEVES 





A.F.S. FINENEss T 





Optical Measurement 

















Standard 

Graphical Calibration Average Aperture Maximum Deviation from Deviation 
Apparent Theoretical Measured, Deviation Nominal Aperture of 

Sieve Aperture, ASTM mm from Measured, Permitted, Measured 

No. mm Mesh No. Nominal, % mm % Apertures, % 

70 0.253* 60* 0.218 44 +45 +25 15.3 
100 0.190 75 0.154 +3 +60 +40 18.8 
140 0.138 110 0.109 +4 +70 +40 23.4 


* Owing to the low cumulative percentage on the sieve, sand 
“No. 72” is not completely satisfactory for checking the 70 
mesh. 
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apparent apertures of the foundry “B” sieves, read off 
from the cumulative graph of the ASTM sieve re- 
sults (Fig. 9) together with data obtained by optical 
measurement are shown in Table 18. 

The average apertures conform to the standard.? 
However, the oversize apertures and the high degree 
of dispersion (as measured by the standard devia- 


tion) cause the sieves to behave with apertures as in- - 


dicated by the graphical method. 

The theoretical ASTM mesh number is determined 
as follows, taking as an example the foundry “B” 100- 
mesh sieve whose nominal aperture should be 0.149 
mm, but whose apparent aperture is 0.190 mm. The 
nominal apertures of the 70 and 80 mesh ASTM 
sieves are 0.210 and 0.177 mm. Hence the mesh num- 
ber of the foundry “B” sieve will lie between 70 and 
80. The difference between the apparent aperture 
of the foundry “B” sieve and the nominal aperture of 
the 80 mesh ASTM sieve is 0.013 mm. The difference 
between the apertures of the 70 and 80 mesh sieves 
is 0.033 mm, while the difference in meshes is 10. 
Hence on an approximate proportional basis the mesh 
number of the foundry “B” sieve will be less than 
80 by 

0.013 

— X 10 meshes — 4 meshes, 

0.033 
i.e., foundry “B” sieve is a theoretical 76 mesh sieve. 
For practical purposes the factor 75 is used, 

The fineness number was recalculated using 60, 75 
and 110 as the new factors for the sand remaining 
on the 100, 140 and 200 mesh foundry “B” sieves. 
It agreed closely with that for the ASTM sieves: 

Foundry “B” sieves: Fineness No. 
Original factors = 108 
Corrected factors — 86 
ASTM sieves: Fineness No. = 87 

The method was also used for determining the aper- 
tures of the BSS sieves and the foundry “A” sieves 
for the experiments described in the previous section. 


Standard Sands 

Six sets of three standard sands covering the sieve 
range from 20 to 270 mesh were prepared. These are 
being circulated to foundries for sieve calibration. 
The original weight of each sample was 51 grams 
approx. to allow for the small gradual loss in weight 
with use by a number of foundries. (The sample is 
discarded when its weight reaches 48.5 grams; this 
small variation in the size of the sample has no <ig- 
nificant effect on the sieving value.) 








The samples were sieved five times on ASTM sieves 
and the averages determined. A sieve analysis of 
standard set “B” is shown in Table 19, and the 
cumulative curves in Fig. 10. 


TABLE 19——-STANDARD SANDS FOR CALIBRATING SIEVES 





ASTM Average Aperture,* Grading Analysis, % 











Sieve No. mm ST2477B S1T2479B ST2483B_ 
6 3.310 0.0 0.0 0.0 
12 1.726 2.6 0.0 0.0 
20 0.855 15.9 0.2 0.2 
30 0.605 18.0 0.2 0.4 
40 0.419 21.9 1.9 1.4 
50 0.292 26.8 19.5 1.2 
70 0.214 11.0 30.9 0.4 
100 0.146 2.5 26.1 - 1.8 
140 0.105 0.4 17.2 18.2 
200 0.077 0.0 3.6 49.2 
270 0.056 0.1 0.2 20.2 
Pan 0.0 0.1 7.1 
Totals 100.1 100.0 100.1 
A.F.S. Fineness No. 31 65 151 


* ASTM sieve set No. 4 used for the test has slightly different 
apertures from set No. 1 (Table 2). 





Experience has shown that sand $T2483 is not as 
suitable for calibration purposes as a less uniform 
sand. It will be replaced later by a sand with greater 
spread of particles over four sieves. In determining 
the new fineness factors, the A.F.S. factor is changed 
only if the calculated aperture falls outside the toler- 
ance of the ASTM sieve concerned. 

To ensure uniformity of sieving results in fineness 
tests of molding sand, there is need for a central 
authority to prepare standard samples for distribution 
to foundries. Three (or possibly four) sands should 
be sufficient to cover the range of ASTM sieves; each 
sand should have the majority of grains fairly uni- 
formly distributed over four sieves. The samples 
should be sieved on carefully chosen ASTM sieves 
with a very small dispersion of apertures (S.D. less 
than 2 per cent if possible). The sieving time should 
also be standardized; 15 min on the Ro-tap shaker is 
recommended. It is suggested that the A.F.S. Grad- 
ing and Fineness Committee is the appropriate auth- 
ority for the work. 


IV. Grading Classifications 


There are three main methods for reporting the 
results of grading analysis: 1) tabulation; 2) graphical 
methods; 3) determination of an index (or indices) 
summarizing the results. 

Tabulation of the screen analysis provides general 
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information as to the range of sizes and the propor- 
tions of coarse and fine material. Graphs may be 
either the normal type in which the individual! sieve 
fractions are plotted against the sieve size or the cumu- 
lative type in which the cumulative percentage of 
oversize (or undersize) is plotted against the sieve 
size. The first contains one or more peaks correspond- 
ing to sieves retaining large amounts of material; a 
single high peak denotes a uniform sand and a num- 
ber of peaks a poorly distributed sand. The second 
type rises gradually, then more steeply and then 
flattens; a steep curve denotes a uniform sand and 
vice versa. 

After examining a number of methods of deter- 
mining indices representing the fineness of molding 
sands, including indices of average particle diameter, 
the A.F.S. decided in 1925 to introduce the Grain 
Fineness Number. This designates the sand in terms 
of average mesh rather than particle diameter. 


The A.F.S. Grain Fineness Number has proved very 
popular and successful for comparing sands. Its ad- 
vantages are that the calculations involved are simple 
and the units (mesh numbers) are readily visualized 
by foundrymen and research workers alike. However, 
the limitations of sieving are such that significance 
should not be placed on small variations in fineness 
number, especially with finer sands. (This will apply 
to any index calculated from a sieving analysis.) In 
practice it suffers from the disadvantage that the cal- 
culation tends to weight the finer grains. 

The fineness number has been severely criticized 
by a number of authors, mainly/on the grounds that 


different sands with the same fineness number may 
differ in properties, e.g., Morey and Taylor‘ describe 
two sands A and B with the grading analysis: * 





Sand A B 


Ws | ae a 


Clay Substance, % 


%, Retained 








AS.T.M. Sieve No. 


20 7.0 0.5 
30 6.0 0.5 
40 17.0 1.5 
50 18.0 7.5 
70 9.5 41.5 
100 4.5 37.0 
140 1.5 9.0 
200 1.5 2.5 
270 1.5 0.0 
Pan 7.0 0.0 
Total sand grade 73.5 100.0 
A.F.S. Grain Fineness No. 68 64 





The green permeabilities at suitable moisture con- 
tents and after 5 per cent of bentonite had been added 
to foundry sand B were: Sand A, 27; Sand B, 141. 
While some of the differences can be attributed to 
the difference in clay substance, the major part must 
lie in differences of the grading sands. 

The author agrees that the fineness number alone 
is not a guide to other properties but considers that 
the criticism arises largely from failure to realize its 
limitations. It is a measure of the average size but 
cannot convey information as to uniformity. Some 
measure of grain distribution is necessary to comple- 
ment the fineness number. 





* Grading analysis calculated from cumulative curves 
4 of ref. 4). 


(Fig. 
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A grain distribution number!® proposed by the 
A.F.S. Grading & Fineness Committee was adopted in 
1936 as a tentative standard. It was apparently little 
used and has been omitted from the latest edition 
of the standards. 

Trask Index: Morey and Taylor+ have described a 
method developed by Trask using the cumulative 
grading curve. The particle sizes for 25, 50, and 75 
per cent retained are called the first quartile (Q,), 
median (M) and third quartile (Qs), respectively. 
The coefficient of sorting S, and coefficient of skew- 
ness S, are determined from the formulae: 





A low coefficient of sorting denotes a uniform sand. 
If the coefficient of skewness is less than one, the 
maximum concentration of particles lies to the coarse 
side of the median and vice versa. 

Morey and Taylor have used the method success- 
fully to determine the texture of steel molding sands 
and to study sand reclamation plant performance. 

While the Trask indices are easy to determine the 
quantities are difficult to visualize, and therefore the 
method may not readily appeal to foundrymen. 


Proposed Distribution Index: The author consid- 
ers the determination of the largest percentage of 
the “sand” grade remaining on three adjacent sieves 
in the screen test (together with an estimate of 
“fines’”’), to be a simple yet highly satisfactory method 
of designating distribution. Sands with more than 75 
per cent on three adjacent sieves are considered uni- 
form. With this method a major difference between 
Morey and Taylor’s sands A and B becomes apparent 
immediately; sand A has 61 per cent of “sand” grade 
on three adjacent sieves (40, 50 and 70 mesh) whereas 
sand B has 88 per cent on three adjacent sieves (70, 
100 and 140 mesh). 


“Fines”: Some workers regard “fines’’ as minus 100- 
mesh material. The author considers this unsound. 
With such a classification the major part of a fine 
sand would be “fines.” Foundrymen rightly associate 
the term “‘fines’’ with grains which serve to block pore 
spaces and reduce the permeability, though they may 
improve the surface of the casting slightly. To desig- 
nate the major part of any sand “fines’”’ is clearly il- 
logical. The term “fines” must therefore be consid- 
ered an elastic one, the size varying with the nature 
of the sand. Thus for a coarse sand, minus 70-mesh 
material might be considered “fines”; for a medium 
sand, minus 100 or minus 150 mesh; for a fine sand, 
minus 270 mesh. 

The author suggests that if the percentage in the 
screen test on three adjacent sieves is adopted as a 
measure of distribution, “fines” might be defined as 
the percentage of material passing the next sieve after 
the three adjacent sieves, e.g., if the majority of the 
sand remains on the 40, 50 and 70-mesh sieves the 
material passing 100 mesh would be fines. 





A.F.S. FINENESS Ti 51 


Sand A may now be classified as follows: 

Clay Substance =26.5% 

A.F.S. Grain Fineness No. —68 

Per cent on 3 adjacent sieves—61% of “sand’’ grade 
on 40, 50 & 70 mesh 

Fines =11.5%—100 mesh 

or briefly, 

C26.5/N68/P61 on 40 — 70/F (—100)11.5) 
This is the requisite information on the texture of 
the sand. 

Since its introduction in 1925 the fineness number 
has been most useful. Whatever its faults it should 
not be discarded lightly. As an adjunct to the fine- 
ness number the author recommends that the Found- 
ry Sand Grading Classifications be modified to in- 
clude a distribution index similar to that proposed 
above and to include a definition of “fines.” 


V. Conclusions 

Grading Analysis: Sieving, though probably the 
best means of determining the size distribution of 
medium and coarse particles, is not an absolute meth- 
od but depends on a number of factors which must 
be carefully standardized. The sieving value is a 
function of the characteristics of the sieve cloth, the 
size of sample, and the time of sieving. In particular, 
oversize apertures and defective sieves cause variations 
which are aggravated by a prolonged sieving time. 
Sieves with a small dispersion of apertures (standard 
deviation less than 6 per cent) provide consistent re- 
sults. 

In fineness tests on material sampled with a riffle, 
the variations due to sampling and sieving are of the 
same order. Ten per cent of the fineness numbers 
may be expected to differ by at least 3 per cent from 
the mean. A somewhat greater variation is to be ex- 
pected in the sieving results of the individual screens; 
10 per cent of the results may be expected to differ 
by at least 5 per cent from the mean. 

The most satisfactory sieving time varies with dif- 
ferent shakers. Sufficient time should be allowed for 
the fraction retained on the sieve to approach con- 
stancy without allowing the effect of oversize aper- 
tures passing oversize particles to predominate. Fif- 
teen min on the Ro-tap or 30 min on the Inclyno 
shaker is sufficient to reach the “flat” portion of the 
sieving curve. 

Sieving times corresponding to 15 min on the Ro- 
tap shaker are: Inclyno shaker, 40 min; Coombs type 
shaker, 20-25 min; Cheers type (with suitably modi- 
fied quadrant weight), 15 min. For sands fineness 
90-140, 30 min on the Inclyno may be converted to 
15 min on the Ro-tap by multiplying by 1.03. 

Sieve Calibration: Cumulative distribution curves 
prepared from the results of sieving under standard 
conditions on standard sieves may be used to calibrate 
unknown sieves under different sieving conditions. 
Theoretical mesh numbers calculated from the effec- 
tive apertures of the unknown sieves may be used to 
determine new factors for the calculation of A.F.S. 
Fineness Numbers. 

The author suggests that the A.F.S. Sand Division 
is the appropriate central authority for calibrating 
sieves for the fineness tests of molding sands. 
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Grading Classifications: Results may be reported 
by tabulation, by graphical methods or by a summar- 
izing index. The A.F.S. Fineness Number has proved 
very satisfactory as an index of average grain size. 
Criticism that it is not a reliable guide to other prop- 
erties dependent on texture is mainly due to failure 
to recognize that the fineness number cannot provide 
information as to size distribution. 

A number of distribution indices have been pro- 
posed (including the Trask Index), but the author 
suggests that the calculation of the maximum amount 
remaining on three adjacent sieves in the fineness test 
provides an index which is both simple and contains 
all the necessary information. 

The term “fines” should designate material varying 
in size with the average size of the sand: the material 
passing the next sieve after the three adjacent sieves 
concerned in the calculation of the distribution index 
provides a simple index of fines. 

Clay substance and fineness number together with 
the indices of distribution and fines provide the essen- 
tial information on the texture of a molding sand. 
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Appendix !—Statistical Analysis of Results of Table 5 


TABLE 1A—ANALYSIS OF VARIANCE 








Variation Degrees of Sums of Mean 
Due to Freedom Squares Squares 
Sampling 4 95.36 23.84 
Sieving 20 44.40 2.22 
Total 24 139.76 5.82 





The total variation, i.e., the sum of the squares of 
the deviations of the 25 fineness numbers from their 
mean, may be divided into two parts, one due to 
differences between sampie means and one to sieving 
variations within samples. Designating the variances 
of these parts by M and N, respectively, we have 

5M + N = 23.84, 

and since the estimate of N = 2.22 

we obtain 4.32 as the estimate of M. 

The standard deviation of the difference between 
M and N is 3.37. Since the distribution of the differ- 
ence is not normal, an exact test of significance can- 
not be made; we may, however, use the ratio, differ- 
ence : standard deviation, as a rough guide in assess- 
ing significance. In the present case the difference is 
only about 3/5 of its standard deviation, so that we 
are not likely to be seriously in error by concluding 
that the variations due to sieving are of the same 
order of magnitude as the variations due to sampling 
with this type of sand and with the technique adopted 
in these tests. 

Taking the two sources of variation together, the 
variance (s*) of a single observation is 5.82 and the 
standard deviation (s) is therefore 2.4. When n = 24 
and P = 0.1, t = 1.7 and ts = 4.1, which is 3 per 
cent of the general mean, and when n = 24 and P = 
0.01, t = 2.8 and ts = 6.7, which is 5 per cent of the 
general mean. Thus approximately 10 per cent of the 
observed values may be expected to differ from the 
mean by at least 3 per cent, and approximately 1 per 
cent of values to differ by at least 5 per cent. 


Appendix 1|—Statistical Analysis of Amounts Remaining 
on 200-Mesh Sieve, Table 4 


TABLE 2A—ANALYSIS OF VARIANCE 








Variation Degrees of Sums of Mean 
Due to Freedom Squares Squares 
Sampling 4 11.13 2.78 
Sieving 20 32.59 1.63 
Total 24 43.72 1.82 





Taking the two sources of variation together, we 
have s? = 1.82, whence s = 1.3. Then for n = °%4 
and P = 0.1, we have t = 1.7 so that ts = 2.2 which 
is 5 per cent of the general mean, and for n = 24 and 
P — 0.01 we have t — 2.8 so that ts — 3.6, which is 9 
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per cent of the general mean. Hence it may be ex- 
pected that in a sieving analysis of this type, with 
samples obtained by the riffle method, 10 per cent 
of the results would differ by at least 5 per cent from 
the mean, while 1 per cent of the results may be ex- 
pected to differ by at least 9 per cent. 

Taking the variation due to sieving’ separately, the 
variance is 1.63 and the standard deviation 1.3. Then 
for n = 20 and P = 0.1 we have t = 1.7 and ts = 2.2 
which is 5 per cent of the general mean, and for n = 
20 and P = 0.01 we have t = 2.8 and ts — 3.6, which 
is 9 per cent of the general mean. Hence in resieving 
the one sample, 10 per cent of the results may be ex- 
pected to differ by at least 5 per cent from the mean, 
and | per cent of the results by at least 9 per cent. 


Appendix !|1—Statistical Analysis of Results of Table 2 
TABLE 3A—ANALYSIS OF VARIANCE 























Variation Degrecs of Sums of Mean 

Due to Freedom Squares Squares Ratio 
Time (Inclyno) 2  ~—s«412.93 6.47 papa: 
Samples (Inclyno) 4 15.06 3.77 
Time x samples 8 3.73 0.47 

14 31.73 

Samples (Ro-Tap) 4 3.20 0.80 
Shakers l 24.07 24.07 17:44 
Total “1959.00 a . 
All samples i 
+ time x samples 16 22.00 1.38 





The variance of a single observation is 1.38 and 
consequently the variance of the difference betwen 
any two shaker means is 

2 
1.38 x —— = 0.55, 
5 
and the standard deviation 0.74. 


TaBLE 3B—COMPARISON OF SHAKERS 











Time in Mean Diff. from 
Shaker min Fineness Mean of Ro- t 
tap 
Ro-tap 15 92.4 = on 
Inclyno 20 88.6 3.8 5.1 
Inclyno 30 90.2 2.2 3.0 
Inclyno 40 90.8 1.6 4 





For P — 0.01 and n = 16, t = 2.92. Hence for Sand 
C, with fineness number approx. 90, there is no sig- 
nificant difference between the values for sieving on 
the Ro-tap shaker for 15 min and on the Inclyno 
shaker for 40 min. 

The results for sieving on the Ro-tap shaker for 15 
min differ significantly from those obtained after 
sieving for 30 min on the Inclyno shaker. The ratio 
of the mean fineness numbers is 1.024. The variance 
of this ratio may be obtained as follows: 


Let R = mean fineness for 15 min on Ro-tap, 
= mean fineness for 30 min on Inclyno, 
R 
F = —— 
I 


and let V(F) stand for the variance of F. 
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Appendix |V—Statistical Analysis of Results of Table 12 


TABLE 4A—ANALYSIS OF VARIANCE 




















Variation Degrees of Sums of Mean 

Due to Freedom Squares Squares Ratio 
lime (Inclyno) 2 32.67 16.34 
Sampies (Inclyno) 3 19.67 16.56 
Time x Samples 

(Inclyno) 6 1.33 0.22 

Ti 83.67, 

Samples (Ro-tap) 3 17.00 5.67 
Shakers 1 120.33 120.33 21.22" 
Total 15 221.00 
All samples + time 
x samples 12 68.00 5.67 





The variance of the difference between any two 


shaker means is 
9 





5.67 X — = 2.84 
4 
and the standard deviation 1.7. 


TABLE 4A—COMPARISON OF SHAKERS 





Time in Mean Diff. from 
Shaker min Fineness Mean of Ro- t 
tap 
Ro-tap 15 141.5 — _ 
Inclyno 20 133.0 8.5 5.0 
Inclyno 30 135.5 6.0 3.5 
Inclyno 40 137.0 4.5 2.6 





For P = 0.01 and n = 12, t = 3.06. Hence for 
Sand D,, with fineness number approx. 140, there is 
no significant difference between the values for siev- 
ing on the Ro-tap for 15 min and on the Inclyno for 
40 min. 

The results for sieving on the Ro-tap for 15 min 
differ significantly from those for 30 min on the In- 
clyno. The ratio of the mean fineness numbers is 
1.044. The variance of this ratio, determined by the 
method given above, is 


5.67 l 141.52 
( 4 = .000161 
4 135.52 135.54 
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\e may now determine the significance of the dif- 
fercnce between the ratios obtained above for sands C 
and D,. The variance of the difference is: 

0.000070 + 0.000161 = 0.000231 
and the standard deviation is, therefore, 0.0152. Since 
the difference between the ratios is 0.020 
0.020 


C= = 1.32 





0.152 

Che variances 0.000070 and 0.000161 are based on 
16 and 12 degrees of freedom, respectively. The best 
value of n with which to enter the t table is the 
harmonic mean of these two numbers, and this is 


12 16 
25 —— p = 13.7. 
124-16 
For P = 0.01 andn = 14,t = 2.98. 
Hence we must conclude that the ratios do not differ 
significantly and to correct fineness numbers for siev- 
ing for 30 min on the Inclyno to the values to be ex- 
pected for sieving for 15 min on the Ro-tap shaker 
we may multiply by the average of the two, i.e., by a 
factor of 1.03 (at least for sands with fineness num- 
bers 90-140). 


Appendix V—Statistical Analysis of Results of Table 13 


TABLE 5A—ANALYSIS OF VARIANCE 
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Appendix Vi—Statistical Analysis of Results of Table 15 


TABLE 6A-—ANALYSIS OF VARIANCE 





Degrees of 


























Variation Sum of Mean 
Due to Freedom Squares Squares 
Inclyno 7 <" : eee A ee 
Times 2 162.89 81.45 
Sieves 2 0.39 0.20 
Times x sieves 4 6.44 1.61 
Samples + times 
x samples 
within sieves 27 161.50 5.98 
35 331.22 
Ro-tap 
Sieves 2 8.17 4.09 
Samples 9 138.75 15.42 
46 146.92 
Shakers l 416.84 416.84 
“Total 47 894.98 , 
Samples + times nig AP 
x samples 36 $00.25 8.34 





The variance of the difference between any two sieve 
9 

means is 8.34 « ——— = 1.04 and the standard de- 
16 

viation 1.0. 


TABLE 6B—COMPARISON OF SIEVES 




















Variation Degrees of Sums of Mean 
Due to Freedom Squares Squares Ratio 
Inclyno 
Times 2 148.17 74.08 
Sieves 2 392.67 196.34 33.85** 
Times x sieves { 2.66 0.67 
Samples + Times 
x Samples within 
Sieves 27 156.50 5.80 
35 700.00 
Ro-tap 
Sieves 2 234.50 117.25 8.13** 
Samples 9 129.75 
11 364.25 
Shakers 151.56 451.56 
Total 47 1515.81 
Samples + times 
x samples 36 286.25 7.95 





The variance of the difference between any two 
9 

—_— = 0.9931 and the stand- 
16 


sieve means is 7.95 & - 


ard deviation, 1.0. 


TABLE 5B—CoOMPARISON OF SIEVES 











Sieve Mean Fineness Difference from t 
mean of ASTM 

ASTM 1368 —< - 

BSS 137.1 0.3 0.3 

Foundry “A” 144.5 7.7 7.7 





For P = 0.01 and n = 36, t = 2.7. The results 
for Foundry “A” sieves differ significantly from those 
for both ASTM and BSS sieves, but the latter types 
do not differ significantly. 











Sieve Mean Fineness No. Difference from t 
Mean ASTM 

ASTM — oo ae ; jae 

BSS 136.8 0.0 0.0 

Foundry “A” 137.4 0.6 0.6 





For P — 0.01 and n = 36, t = 2.70. Hence there is 
no significant difference between results with ASTM 
and either BSS or Foundry “A” sieves, using the new 
factors in the calculation of fineness numbers. 


DISCUSSION 


Chairman: H. J. WILLIAMS, New Jersey Silica Sand Co., Mill- 
ville, N. J. 

Co-Chairman: STANTON WALKER, National Industrial Sand 
Ass’n, Washington, D. C. 

Recorder: D. C. WiLLiaMs, Ohio State University, Columbus. 

Co-CHAIRMAN WALKER: The mounting for the Ro-tap sieve 
shaking machine is very important. The machine set on a 
wooden base will produce results quite different from those 
obtained when a concrete base is used. The paper “Reproduc- 
ibilitv of Tests of Foundry Sand” by myself, published in A.F.A. 
TRANSACTIONS, vol. 49, pp. 789-835 (1941) presents many of the 
difficulties in trying to obtain reproducible results among labor- 
atories for the grain size distribution. 

CHAIRMAN WILLIAMS: The A.F.S. Grain Fineness Number 
does not mean a thing for it gives no indication of grain dis- 
tribution. Furthermore the Grain Fineness Number or grain 
distribution as furnished by the supplier is of little value when 
dry sand is dumped into a silo and subsequently drawn off as 
required. 

M. F. DrumM:? The A.F.S. Grain Fineness Number provides 
no indication of the gravity packing ability of sands for the 
production of shell molds. I would like to know if there is less 
vatiability in the cumulative curves than there is in the Grain 
Fineness Numbers for small lots. 

Co-CHAIRMAN WALKER: There is better reproducibility for 
the cumulative curves. 


1 Research Chemist, Monsanto Chemical Co., Plastics Div., Springfield, 
Mass. 











This subject will bring many different comments 
from members of the Institute of Australian Foundry- 
men. From the big steel manufacturer, making thou- 
sands of tons each day for re-rolling, we may find 
indifference; from the small jobbing steel foundry, 
using expensive electric arc or induction melting, 
we may find criticism and doubt; from others tem- 
porary interest before final disinterest. To the few, 
having the gift of adding imagination to the process 
of analysis, this achievement could suggest enormous 
possibilities, 

While no novelty is claimed for any individual 
feature of the process, the entire cycle being a simple 
application of well known technical facts, the achieve- 
ments of this rather small foundry organization reflect 
the spirit of progressive metallurgical and foundry 
enterprise that brought our Institute into being. 

To introduce the subject we will say that first 
interest would lie in the fact of being able to replace 
forgings with sound castings of high grade tool steel 
in not just ordinary rough blanks, but very intricate 
and difficult shapes, more economically and more 
accurately than the corresponding forging. Second 
claim to interest lies in the method of production of 
both mold and metal; and third, the application of 
the product to usages that are systematically destruc- 
tive, and for which previously only tailor-made steels, 
laboriously produced through many expensive and 
complicated processes, were considered. 

The manufacture of edge tools started in 1943, 
when the production of bren gun carrier sprockets 
was undertaken in an arrested cycle malleable iron. 
This proved so successful, giving three times the life 
of those made from the specified steel, that tool mer- 
chants and users, starved for supplies, asked the possi- 
bility of making many types which they required. 
Prominent among them were axes, which are un- 





*Keech Castings Pty. Ltd., **President, and +Vice-President, 
Institute of Australian Foundrymen, New South Wales Division, 
Sydney, Australia. 

Official Exchange Paper from the Institute of Australian 
Foundrymen (New South Wales Division), Sydney, Australia 
presented at A.F.S. International Foundry Congress, May 7, 
1952. 





MANUFACTURE OF CAST EDGE TOOLS 
IN ROTARY FURNACE STEEL 


Gordon Keech,* A. T. Batty** and W. M. Dummett} 











doubtedly in this country the most abused of all tools, 
and expected to stand such abuse in cutting ours, the 
hardest and toughest timbers in the world. This tool 
presented the most problems, but having in mind 
the building of a post-war tool industry, competitive 
against all products in price and quality, local and 
imported, it provided a challenge. After much re- 
search and experiment, an order for hatchets was 
accepted from U. S. Navy Stores, and delivered with 
entire satisfaction, passing severe tests with flying 
colors. 

Black sand molding was quickly abandoned 
because of its failure to produce sound and accurate 
castings, which are now made in pitch-bound core 
sand. A silicon-manganese steel was adopted for the 
process of tool manufacture, and heat treatment fur- 
naces were installed. 

With the cessation of hostilities in 1945, this firm 
found itself the proud possessor of a complete tool 
manufacturing plant, useless in their everyday pre- 
war activities when it supplied gray and malleable 
iron castings to the engineering trade, They had to 
decide whether to return to their well known steady 
business, or whether to attempt to break into the tool 
trade, knowing that buyers in peacetime would 
exhibit preference for the long established drop 
forged tools. 

Having faith that their products were top-grade, 
they made the decision to specialize in tools, and were 
encouraged by two successful procedures they had 
developed and perfected, namely:— 

(1) Inoculation of the molten metal with special 
alloys to give toughness and fine-grained structure so 
essential in tools, and 

(2) The core sand mold not only produced most 
accurate castings but had increased production per 
molder up to eight times of that in black sani. 

To-day the firm is Australia’s largest manufacturer 
and supplier of hand tools and edge tools, and simple 
multiplication could make it the largest in the world. 
To a country already famous for producing the 
world’s cheapest mild steel rolled sections, they have 
become the first producers of cast alloy steel hand 
tools. The cost of a casting is about the same as that 
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Fig. 2—Producing coresand molds—continuous core 
oven in rear. 


of the piece of rolled steel required to make a forging, 
leaving a greater margin in which to finish the tool 
and sell competitively. 

Having briefly described the origin of this develop- 
ment, we shall devote the rest of the paper to the 
detailed description of the various tools and their 
actual manufacturing procedure. 

The products include axes, hatchets, carpenters’ 
hammers, tinsmen’s snips, tailors’ and trimmers’ 
shears, etc. 

In making the mold, two grades of sand are used, 
and these are dried in a rotary oil-fired drier and 
conveyed to overhead storage bins ready for mixing. 
An edge runner mill of 1080-lb capacity carries out 
the mixing cycle in 15 min. The whole cycle of drying 
and preparing the core oil sand is done by one man, 
handling an average of 10 tons per day. 

The material used in this process is: 

Sand a—Average bulk screen, 120-150 GFN. 
Sand b—Average bulk screcn, 70 GFN. 


Fig. 3 (Left)—Continuous vertical core oven and 
instrument panel. 


Fig. 4 ( Below)—Mouth of conveyor oven. 











Fig. 5—Pouring molten metal from buggy ladles in 
casting area. 


Sands a and b are mixed in the proportion of 1a:4b; 
to which is added 214 per cent of soft pitch binder 
and is used as a facing sand. Sand b is mixed with a 
pitch binder at 1.5 per cent and is used as backing 
or bulk sand, 

Half mold weight varies from 5 to 10 lb. These are 
at present made by hand at an average rate of 1000 
halves per man, per 8-hr shift. See Fig. 1. 

Core box equipment is made so that each single 
plate makes both halves. Male and female dowels ou 
each plate provide perfect indexing and no molding 
boxes are used. The plate and shroud are in one 
piece and molds are turned over onto a cast alumi- 
num tray. 

Molders work in pairs and can fill the conveyor 
oven with four halves to each shelf in a 114-hr cycle. 

The coremaking process has been made a quite 
simple one, perfect pattern equipment has eliminated 
any need to trowel the mold and patterns need only 
be cleaned every 10 or 12 molds. The process clearly 
illustrated in Fig. 2 shows a molder in the process of 
adding the facing sand, this is quickly spread over 
the pattern face, followed by a double-handed scoop 
action which fills the remainder of the box with 
backing sand. The box is then scraped level with the 
bar shown opposite the molder, the core tray placed 
on, followed by the cross jig on the molder’s left. 
The mold is next turned over, vibrated for several 
seconds, then stripped. This leaves the core on the 
plate ready to be placed on the automatic spray 
turntable by the molder on the right hand side of 
the illustration. The mold is then given a light spray 
coating of linseed oil and kerosene, and placed onto 
the oven shelf, the complete molding cycle requiring 
about 20 sec. 

Mold baking is done in a conveyor type oven (Fig. 
3) with two horizontal and two vertical sections pro- 
viding 4 zones, (1) the pre-heating, out through 
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which passes the exhaust gases; (2) a superheating 
zone where the temperature is 100 degrees above ‘he 
baking temperature to allow quick raising of ‘he 
mold temperature without the addition of new oxy.- 
gen; (3) the baking zone, where oxidizing conditions 
exist, and (4) the cooling zone, through which the 
new air is admitted, cooling the mold and taking on 
much of the heat to the oxidizing or baking zone. 
No molding boxes are used, indexing being done 
with mounds or recesses molded onto and into the 
faces. The whole sequence is automatically controlled 
once the cycle in each particular area is decided and 
set. Figure 4 shows an empty shelf arriving at the 
mouth of the oven. 

Figure 3 shows the conveyor oven, specifications of 
which are as follows: 


Maximum Rating............... 240 kw 
Speed range of Belt... .0.5 to 3 ft per min 
SE rrr er 200 ft 
PN Oe Rs Ss ian 5. os seennwenwaeen 4 ft. 


The belt consists of 138 two-storied trays. The 
average cycle is 75 min on a hot oven and the average 
operating temperature in the baking zone is 500 F. 

Cores for hollowing out cavities for handles and 
forming the claws are made on a small core blower 
and pass through the oven with the core sand molds. 
They are made from the same sand that is used in 
the molds and are bonded with the same binders. 

On leaving the oven the molds are cooled enough 
to handle, they are immediately assembled and 
clamped tcgether between plates in groups of 14 and 
conveyed on special trolleys to the casting area. 

This area is adjacent to the rotary melting furnaces 
and is open on three sides, which makes a quite 
comfortable process of casting by quick dissipation 
of oil fumes and heat. (Fig. 5.) 

Metal is poured from two-wheel pneumatic-tired 
buggy ladles, holding 100-lb of steel. Casting time for 
a bank of 14 molds is 114 min after which the cast- 
ings are allowed to cool until the mold is greatly 
burnt away. Castings are picked out of the sand and 





Fig. 6.—Tapping rotary furnace into buggy ladle. 
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hauled away for cleaning. The casting area is then 
cleaned up with a small bulldozer and loader and 
the used sand dumped. 

The method of melting is of some interest, and a 
description of this phase of the production now 
follows. The melting of steel for foundry work 
usually requires electric furnaces of one type or 
another, and it is freely admitted that they are pref- 
erable from the viewpoint of control of temperature, 
chemical analysis, etc. However, as Keech Castings 
Ltd. pioneered, developed and perfected the process 
on the basis of tar-fired rotary furnaces, no change is 
warranted on account of quality or melting cost, and 
shortage of electric power in this Country is a further 
deterrent to a change to electric furnaces. 

The metal is melted in a battery of five acid-lined 
rotary furnaces, each of l-ton capacity (Fig. 6). A 
monolithic lining of rammed siliceous ganister has 
been found more reliable than a brick lining, anc the 
average life of this rammed lining is about 25 melts. 
The average time per melt is 114 to 2 hr, and the 
charge mainly comprises steel scrap drawn from 
sources where there is no likelihood of contamination 
from unwanted alloy steels, sulphur, freecutting 
steels, etc. Use of good quality spring steel minimizes 
the problem of building up the carbon content, and 
all runners and risers are returned for melting. Car- 
bon is added inside steel tubes, and pig iron is not 
favored as a means of increasing the carbon, because 
pig iron available in Australia does not generally 
contain a suitably low phosphorus content. 

The alloy content of the metal is composed within 
the furnace by means of ferro-alloys, the following 
being the basic analysis of all tools:— 


ae ree 0.75 per cent 
a eee 0.06 max per cent 
Manganese......... ..0.8 per cent 
SE epee cer ee 1.1 per cent 
Sere ee 0.06 max per cent 


Small amounts of chromium, molybdenum, tung- 


Fig. 7—Sections of chemical laboratory. Routine carbon determinations are made before tapping any heat of steel. 








qualities for specific applications. 

The molten charge is carefully check-analyzed be- 
fore tapping, and the metal is inoculated in the ladle 
to produce an inherently fine austenitic grain size. 
(Fig. 7 shows chemical laboratory.) 


In handling the metal between furnace and molds, 
good equipment and perfect teamwork ensure the 
minimum delay, so that a pouring temperature of 
3200 F or better can be maintained. Needless to say 
the whole process depends for its success on clean, 
sound castings, free from molding or metallurgical 
defects, and every casting has been the subject of 
individual research to develop the most perfect 
methods of running, risering, etc. 


This job of producing good castings is the most 
important part of the process, but yet the shortest. 
There still remain dressing and finishing processes, 
as well as carefully evolved heat treatment pro- 
cedures. 

A good hand tool is required to resist a combina- 
tion of abrasion and shock. Ordinary mechanical tests 
do not give an accurate indication of the quality of 
hand tools and it has been found necessary to per- 
form arduous, practical tests on a vast number of 
tools to appraise their fundamental requirements. 
For this reason heat treatment cycles and microstruc- 
tures (Figs. 8-13) do not necessarily conform to theo- 
retically perfect ideals, but are to a large degree 
determined by trial. By these methods it has been 
established beyond doubt that the as-cast structure 
is more resistant to pure abrasion than is any other 
produced from the same composition. As can readily 
be appreciated, the quenched and tempered structure 
is more resistant to shock, but complete removal of 
the as-cast ferritic dendrites is unnecessary, and pos- 
sibly undesirable. Some evidence of incomplete an- 
nealing can be seen in Figs. 11 and 12. 

Getting down to details, the following heat treat- 
ments of axes and claw hammers are typical of all 
tools produced, 
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Fig. 8—Annealed and normalized structure of axe, Fig. 9—Hardened structure of racing axe close to cutting 
Rockweil C 24. Lamellar pearlite. x 600, Nital etch. edge. Rockwell C 60. Fine grained tempered martensite. 
x 600, Nital etch. 





Fig. 10—As-cast structure of claw hammer Rockwell Fig. 11—-Structure of annealed hammer body, Rockwell 
C 26. Fine lamellar pearlite with interdendritic ferrite C 24. Partially spheroidized pearlite. x 600, Nital etch. 
dotted with manganese sulphide inclusions. x 100, Nital. 





Fig. 12—Structure of quenched and tempered body of Fig. 13—Structure of flame-hardened face of hammer, 
hammer (Rockwell C 28)—partially spheroidised lam- (Rockwell C 58), tempered martensite. x 600, Nital etch. 
ellar pearlite with interdendritic ferrite still apparent. 

x 600, Nital etch. 








. 
\ 














G. Kercu, A. T. Batty anp W. M. DUMMETT 





Fig. 14—View of heat treat department. 


\xes and hatchets are first of all annealed at 1650 
F and then normalised at 1560 F to break up the as- 
cast dendritic structure to the required degree. The 
actual annealing time and temperature depends on 
the mass and the ruling of the tool in question. To 
harden the cutting edge, 2 in. of the blade is im- 
mersed in a lead bath at 1560 F, the axe being sus- 
pended by a bar through the eye. After heating for 
a sufficient time to complete austenitization, the 
whole axe-head is oil quenched, and before being 
allowed to cool down to room temperature, it is 
transferred to a lead tempering bath at 650 F. 

This treatment gives the tool no chance to form 
quench cracks, and a uniform structure of fine tem- 
pered martensite found at the cutting edge has a 
hardness of Rockwell C 52-60. (Racing axes are main- 
tained at Rockwell C 58-60, and the structure is 
shown in Fig. 9.) The back of the axe is lamellar 
pearlite, with a Rockwell hardness of C 24, as shown 
in Fig. 8. Manganese sulphide crystallites are readily 
visible, but do not seem to act as stress raisers or 
cause the axe to fail in any way in service. This is 
probably because they are equiaxed and not elon- 
gated by rolling or forging. Claw hammers are an- 
nealed in a carburizing atmosphere at 1650 F, then 
oil quenched from 1560 F and tempered at 1100 F 
to produce a partially spheroidised fine grained 
pearlite. 

Figure 10 depicts the as-cast structure, with pro- 
nounced ferrite dendrites which become partially 
removed by annealing (see Fig. 11). The quench and 
temper treatment produces very fine partially spher- 
oidized pearlite as shown in Fig. 12. This structure 
is strong but tough, and has a hardness of Rockwell 
C 28. There are two parts of a claw hammer which 
do hard work, viz the striking face and the claw, both 
of which are now flame hardenec to produce a local 
hardness of Rockwell C 58. The martensitic structure 
partly tempered extends to a depth of more than 
\4 .a., and is capable of withstanding the rigors and 
abuses to which the hammer is subjected. In all heat 
treatment, particular care is taken to avoid decar- 
burization by putting carbonaceous matter on the 
hearth of the muffle furnaces where any air is likely 
to leak in. This is particularly important in the case 
of the claw hammers, as there is no practical way of 
grinding the inside of a claw, and a soft decarburized 
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claw will be burned and damaged by allowing nails 
to slip through. 

The heat treatment equipment is all batch type at 
the present moment, electric muffle furnaces as shown 
in Fig. 14 and 15 being used for annealing and 
austenitizing with oil-fired lead baths for some hard- 
ening and tempering. The tools are charged in 
buckets and long soaking times are necessary to 
ensure that the center of the charge reaches temper- 
ature for adequate time. To overcome this disadvan- 
tage, a continuous process is being designed and built, 
embodying rotary-hearth gas-fired furnaces for hard- 
ening, and apron-conveyor furnaces for tempering. 

At this stage, most of the dressing operations have 
been already performed as may be expected on the 
raw castings, elastic abrasive wheels being mostly 
used for removing runners and risers. Because of 
fine core-sand molds the skin is smooth, and does not 
need shot blasting. Better finish is obtained, in fact, 
by rumbling, and this is generally performed before 
any heat treatment is commenced. 

In the case of axes, hatchets, etc., requiring grind- 
ing over an extensive area, or pliers which must be 
machined, these operations are carried out after 
annealing. 

All of the grinding is carried out at the Works 
itself, and grinding jigs ensure perfect control of 
shape and profile so essential to the balance of tools 
such as axes, and so important in the smooth cutting 
properties of tailors’ shears, tinsmen’s snips, and the 
like. A certain amount of machining must be carried 
out at this stage in such tools as pliers and wrenches, 
and it is generally found more convenient to let this 
work out to other firms. 

After the hardening and tempering operations 





Fig. 15—-A load of mattock and plier castings entering 
electric annealing furnace. 
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described previously, the tools are polished and given 
one of several finishing treatments. Axes are pro- 
tected by a rust preventive grease, and hammer heads 
may otherwise be given a coat of crinkle paint or 
they may be chrome-plated. Handles of tailors’ shears 
or tinsnips are given a smooth decorative finish of 
synthetic enamel. 

Wooden handles as used for so many tools are 
made entirely at their own woodworking shop. The 
billets are bandsawn to a rough form and then 
shaped in copying lathes. Sand belt smoothing down 
and barrel-rumbling ensure that the handles are free 
from splinters and rough spots before fitting and 
packaging. 

North American hickory is the best timber pro- 
curable for handles, being strong, tough and resilient. 
The only other timber put into handles by this firm 
is Australian spotted gum, which is quite good 
enough for utility tools, and allows the tool to be 
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sold at a considerably lower price. 

Like every manufacturer, this firm receives some 
complaints from its clients. Hand tools are the most 
commonly abused articles either in the home or tie 
workshop, and many failures are due to the use of 
the tool in a manner or for a purpose for which it 
was not intended. The few failures due to founding 
or metallurgical shortcomings, however, are carefu!ly 
noted, and recurrence prevented. 

The successful application ef the process to hand 
tools and edge tools has made this foundryman realize 
that many other small steel articles or parts could 
likewise be made cheaper or better than they could 
by forging, pressing, machining or welding. 

Let us realize, therefore, that founding is not an 
old-fashioned, obsolescent, crude or inferior method 
of shaping metal, but one that can, by thought and 
care, maintain and improve its position of impor- 
tance amongst modern manufacturing processes. 
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It is well known that it may be difficult at times to 
attain the desired pressure tightness in copper alloys, 
including gun metal, cast in sand. The reason may 
be, for example, the presence of pores caused by 
freezing shrinkage, of blisters produced in the melt 
by dissolved gas that has been released during solidi- 
fication of the metal, or of some harmful impurity 
such as aluminum. 

Opinions are rather divided on the aluminum con- 
tent that may be permitted in gun metal. Thus ac- 
cording to ASTM the aluminum allowance should be 
none,+ while the tentative Swedish Standards allow 
maximum 0.005 and D.I.N. (German) up to 0.01 
per cent. 

In the present investigations the influence of alum- 
inum on the pressure tightness and mechanical prop- 
erties of gun metal have been examined, and experi- 
ments have been undertaken to remove aluminum 
from brass and gun metal by means of slag-forming 
refining agents. The pressure tightness and mech- 
anical properties have again been examined after 
removal of the aluminum. 

The investigations have been carried out under the 
direction of a Research Committee within the 
Foundry Section of The Federation of Swedish Mech- 
anical Engineering Industries. The following have 
taken part in the work of the committee: S. Bren- 
nert, chairman; P. O. Bjérkman; O. Carlsson; M. 
Claesson, A. Larsson; E. O. Lissell; $. Lundqvist; and 
B. Lunn. B. Léfgren and B. Wadell, AB Svenska 
Metallverken, cooperated in the performance of the 
practical experiments. 


Influence of Aluminum on Mechanical Properties and 
Pressure Tightness 


Experimental Procedure: The investigations into the 
influence of aluminum on pressure tightness and 
mechanical properties have been exclusively made on 





* Mer., Development Dept., AB Svenska Metallverken, Vast- 
eras, Sweden. 

+The term “none” as applied to aluminum allowance is 
defined as 0.005 per cent when determined on a 10-gram sample. 

Official Exchange Paper from the Foundry Section, Federa- 
tion of Swedish Mechanical Engineering Industries, Stockholm, 
Sweden. 
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a leaded gun metal (83-6-5-6 copper-tin-lead-zinc). 

For examination of the pressure tightness, test cast- 
ings were selected as used, among others, by Baker, 
Child and Glaisher,' i.e., a poorly-fed disc shown in 
Fig. 1. For examination of the mechanical proper- 
tics a well-fed test bar was cast, the so-called D.T.D. 
bar, Fig. 2. Test discs and bars were separately cast 
in the experiments. The investigations were made 
on 50-125 kilo (110-275 Ib) melts. Melting was done 
either in an oil-fired or a coke-fired crucible furnace. 
The charge consisted of alloyed ingots. 

The following procedure was generally adopted. 
After melting under charcoal or an oxidizing cover 
and heating to pouring temperature, the melt was 
deoxidized to 0.05 per cent phosphorus with phosphor- 
copper. 

Immediately the pouring temperature was attained 
discs and bars were cast in sand molds dried at 180 
C for 10 hr. The aluminum was then introduced, 
new test specimens were cast, the aluminum-remov- 
ing slag was introduced into the melt, and aluminum 
was removed. Further bars and discs were then cast. 

An account is given later in the paper of the meth- 
od adopted for removing aluminum from the melt 
by means of slag. In the present experiments, the 
removal of aluminum was accomplished with a slag 
consisting of sodium fluoride (30 per cent), calcium 


$22(%") 











~ 
w 


214" 


Fig. 1 — Test 
disc for inves- 
tigation of 


pressure tight- — = 
ness. 8 0/2 

ot 

r=65 r © 


Ya" 
619 (34") 
$127 (5") 














6 



















































































¢67 (02 Y8") 
ou 
oa 
Nv 
tz 
oO 
= $64 (92 v2 ) Fig. 2—Test bar, vertically 
~ CH cast (D.T.D. bar). 
J iH 
o 
| 
622 
(> Ye) 


fluoride (20 per cent), sodium aluminum fluoride (20 
per cent), sodium sulphate (20 per cent), and sodium 
carbonate (10 per cent). 

The tightness of the discs as cast was tested with 
compressed air under water. Those discs which 
proved to be tight were retested after machining. 

The test bars were examined for density, tensile 
strength and elongation. The contents of aluminum 
and other impurities were controlled by means of a 
spectrograph. Strength tests were carried out on a 
test bar of normal Swedish type. 

Causes of Pores in Castings: As stated above, among 
the factors influencing the tightness and other prop- 
erties of a casting are the following: 

a. Gases absorbed by the metal during melting 
and casting. 

b. Shrinkage occurring on solidification of the 
metal, and which usually is especially concentrated 
when the metal is “gas free.” 

c. Impurities such as aluminum which can only 
be removed from the melt by special methods. 

If the disc used in the experiments proves to be 
leaky, it does not give any certain clue as to the 
cause. This may be gas, which has been released on 
solidification of the metal and given rise to pores, or 
freezing shrinkage due to poor feeding or the pres- 
ence of some impurity such as aluminum. 


TABLE 1—PRESSURE TIGHTNESS IN Discs CAsT BEFORE 
AND AFTER ADDITIONS OF 0.01, 0.02 AND 0.2 Per CENT 











ALUMINUM 
Time of Alum- No.of No. of Pressure Tightness 
Casting inum,% Melts Discs No.of No.of 
Tight Leaky Tight 
Discs Discs Discs,% 
Before All” .- 
addition <0.005 19 52 22 30 42 
After Al- 
addition 0.01 8 24 l 23 4 
0.02 2 6 0 6 0 
0.20 5 20 0 20 0 
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In order to determine the cause of the leakage, 
test bars were cast as well as discs from the same meit. 
The test bar used has a very good feed, and freezing 
shrinkage in the bar itself may therefore be consid- 
ered as completely eliminated. Since it is known, ac- 
cording, to, for example, Baker, Child and Glaisher,! 
that ultimate strength and density fall comparatively 
quickly with an increase in the amount of gas, the 
test bars can give indications as to whether the pores 
in the disc are caused by freezing shrinkage or by gas. 

With high dens‘ty and good strength it may be con- 
sidered probable that the leakage is caused by freez- 
ing shrinkage, and with low density and poor strength 
by gas in the metal, provided that no impurities are 
present that would impair pressure tightness. 

Experience teaches that melts of certain types of 
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Fig. 3—Curve according to Baker, Child and Glaisher' 

showing percentage of pressure-tight discs secured for 

different densities in an 88-8-4 copper-tin-zinc alloy. 
Density determined on D.T.D. bars. 


alloy should normally contain a small amount of gas 
in order that a poorly-fed casting shall have a proper 
chance of being pressure tight. However, investiga- 
tions by Baker, Child and Glaisher! and Mantle? 
show that the circumstances are somewhat different 
in casting leaded or lead-free gun metal. 

These authors came to the conclusion that an 88-8-4 
copper-tin-zinc alloy should contain a small quantity 
of gas, while an 85-5-5-5 copper-tin-lead-zinc alloy 
should contain as little gas as possible if the castings 
are to be pressure tight. The findings of Baker, Child 
and Glaisher are shown graphically in Figs. 3 and 4. 
The pressure tightness was investigated after machin- 
ing. Casting was done at 1180 C in green sand con- 
taining 5 per cent moisture. 

Figures 3 and 4 show that the majority of 88-8-4 
alloy discs become pressure tight at a density of 8.67— 
8.68, and that practically all discs become leaky when 
the density exceeds about 8.8 and falls helow about 
8.45. For an 85-5-5-5 alloy the optimum pressure 
tightness is obtained at a density of about 8.8 or 
above. 

In order to be able to study the influence of im- 
purities on pressure tightness, the influence of gas 
and freezing shrinkage must be eliminated. This 
means that the melt must possess such properties 
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that the discs become pressure tight when no impur- 
ity that would impair pressure tightness, such as 
aluminum, is present. 

Normally, there is no difficulty in obtaining a 
“oassy” melt. On the other hand, it is much more 
dificult to reproduce a given gas content, which, on 
solidification of the metal, prevents the creation of 
too large and concentrated cavities. 

Influence of Pouring Temperature on Strength and 
Density: Pouring temperatures exercise a predominat- 
ing influence on strength. To illustrate this, and 
partly to attempt to explain the occasionally low 
tensile and elongation values, Fig. 5 gives results of 
an experiment in which test bars were cast from the 
same melt at ‘different temperatures. The first were 
cast at 1230 C, whereupon the melt was left to cool, 
further rods being cast at 1130 and 1050 C. 

The diagram shows that ultimate strength, elonga- 
tion and density fall with a rise in pouring tempera- 
ture. The reason must be the slower solidification 
which gives rise to a coarser solidification structure, 
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Fig. 4—Curve according to Baker, Child and Glaisher! 

showing percentage of pressure-tight discs secured for 

different densities in 85-5-5-5 copper-tin-lead-zinc alloy. 
Density determined on D.T.D. bars. 


and the greater gas solubility with rising temperature. 
Influence cf Aluminum: An addition of 0.2 per cent 
aluminum was made to certain melts. The content 
was selected as being representative of that which 
might occur in refining. It is considered, however, 
that considerably lower aluminum contents impair 
pressure tightness, and therefore the influence of con- 
tents down to 0.01 per cent has been investigated. 
a. Pressure Tightness: The results of investigations 
of pressure tightness have varied somewhat, and in 
the cases where leaky discs were obtained before the 
addition of aluminum no opinion on the influence 
of aluminum could be formed. Nevertheless, the com- 
paratively large number of discs cast from several 
separate melts have made a reasonable judgment on 
this point possible. It should be pointed out, how- 
ever, that melting and casting were performed under 
proper operating conditions, and that no special mea- 
sures were taken to make the melt “gassy” or “gas 
free.” 
It will be seen from Table 1 that an aluminum 
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TABLE 2—TENSILE STRENGTH, ELONGATION AND DENSITY 
oF D.T.D. Bars Cast BEFORE AND AFTER ADDITION OF 
001, 0.02-aANp 0.2 Per CENT ALUMINUM 





Timeof Alum- No.of No. of U.TSS. Elong- Density, 
casting inum,% melts bars kg/sqmm psi _ ation, 


%  gm/cc 





Before Al- 
addition <0.005 ll 28 20.9 29700 13 8.80 
After Al- 


addition 0.01 4 11 19.3 27450 11 8.91 
0.02 2 3 18.4 26150 8 8.87 
0.20 4 12 12.9 18350 $3.5 8.67 





content of 0.01 per cent exercises an unfavorable in- 
fluence on the pressure tightness of leaded gun metal. 
Of the discs cast, 42 per cent were pressure tight be- 
fore the addition of aluminum, while only one disc 
out of 24 became tight after the addition of 0.01 per 
cent aluminum. On additions of 0.2 and 0.02 per 
cent aluminum, no disc became pressure tight. 

In the presence of aluminum, the melt becomes 
more viscous. Fluidity normally increases with a rise 
in temperature, and it has therefore been questioned 
whether it would not be more possible to attain 
pressure-tight metal if the pouring temperatures 
were kept comparatively high in melts containing 
aluminum. The experiments proved, however, that 
the same result was obtained in spite of pouring 
temperatures varying between 1060 and 1200 C for 
0.02 per cent aluminum, and 1050 and 1130 C for 
0.01 per cent aluminum. 

b. Physical Properties: It is not only the pressure 
tightness which deteriorates in the presence of alum- 
inum, but also the physical properties. Even with a 
content as low as 0.01 per cent this influence is pro- 
nounced both in gassy and comparatively gas-free 
melts. The result is shown in Table 2. 

The number of melts with aluminum is limited, 
but the result shows a successive lowering of the 
tensile strength and elongation with increased alum- 
inum content up to 0.2 per cent. 

Properties After Aluminum Removal: In experi- 
ments for the purpose of determining the properties 
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Fig. 5—Tensile strength, elongation and density as func- 
tion of pouring temperature for 83-6-5-6 alloy. 
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TABLE 3—PRESSURE TIGHTNESS IN Discs CasT AFTER 
REMOVAL OF 0.01, 0.02 AND 0.2 PER CENT ALUMINUM 





Aluminum Aluminum No.of No.of Pressure Tightness 


Added, After Melts Discs No.cf No.of Tight 
% Removal, % Tight Leaky Discs, 
Discs Discs % 
0.01 < 0.005 2 5 0 5 0 
0.02 < 0.005 2 6 1 5 16.5 
0.2 < 0.005 7 19 17 2 89.5 





of the alloy after removal of aluminum by slag, alum- 
inum in quantities of between 0.01 and 0.2 per cent 
was introduced as in the experiments for determin- 
ing the influence of aluminum on mechanical prop- 
erties and pressure tightness. Aluminum was sub- 
sequently removed, after which the discs and bars 
were cast. The pressure tightness data are recorded 
in Table 3, and the strength data in Table 4. 

As shown in Table 3, it is possible to obtain pres- 
sure-tight discs after the removal of aluminum. In 
comparing Tables | and 3, it is seen that percentage- 
wise a greater number of discs became pressure tight 
after the removal of 0.2 per cent aluminum than 
before the addition of aluminum. The number of 
pressure-tight discs before the aluminum addition was 
42 per cent as against 89.5 per cent after the removal 
of 0.2 per cent aluminum. 

On the other hand, a very small proportion of 
the discs became tight when 0.02 and 0.01 per cent 
additions were removed. But as only a very few 
melts were made with these low aluminum additions, 
it is unwise to draw any definite conclusions from 
them. -It does, however, appear probable that pres- 
sure-tight metal would also be obtained after re- 
moval of aluminum of the order of some 0.01 per 
cent, as after removal of 0.2 per cent. 


Aluminum Removal Improves Properties 


In a comparison between Tables 2 and 4, it is 
found that a vital improvement in physical prop- 
erties is achieved by the removal of aluminum. The 
most striking improvement was obtained in the metai 
containing 0.2 per cent aluminum before refining. 
The tensile strength has increased from 12.9 to 19.0 
kg/sq mm, and the elongation from 3.5 to 10 per 
cent. After the removal of 0.01 per cent aluminum, 
tensile strength and elongation were higher than be- 
fore the aluminum addition. The density is also 
higher, indicating that the melt had been degassed by 
the treatment with the aluminum remover, which 
contains oxidizing agents. Table 4 moreover demon- 
strates that a higher tensile strength was obtained 
with an increase in density, while in Table 2 this 
connection does not exist since aluminum is present 
there. 

Influence of Silicon: In the investigations referred 
to later in the paper for developing a method of re- 
moving aluminum from melts, the metal has at times 
been contaminated by silicon. The removal of alum- 
inum was carried out in silica-bonded granhite cru- 
cibles, from which silicon in small quantities some- 
times dissolved and was found to be present in the 
discs and bars after casting. 
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The silicon has presumably influenced the prop- 
erties of the gun metal in the subsequent tests. Ho 
ever, the experiments have proved that the metal his 
largely regained its normal properties after the re. 
moval of aluminum. The small quantity of silicon 
which has probably been present has therefore not 
exercised any pronounced influence on the propertics 
of the metal. 

In order to study the influence of silicon on the 
properties of gun metal more closely, small quantities 
of silicon were added to some melts and a numbci 
of bars and discs were cast. The additions were 0.0!, 
0.05 and 0.1 per cent silicon. In the case of the two 
higher silicon contents, only the physical propertics 
were examined, while with the lower content the 
pressure tightness was also tested. 

Judging from the results of the experiments, sili- 
con does not possess the same deteriorating influence 
on the properties of gun metal as aluminum, either 
as to pressure tightness or physical properties. It is 
possible that 0.05-0.1 per cent silicon causes a slight 
deterioration in elongation. Pressure-tight discs have 
been cast in the presence of 0.01 per cent silicon. 


TABLE 4—TENSILE STRENGTH, ELONGATION AND DENs- 
ity OF D.T.D. Bars AFTER REMOVAL oF 0.01, 0.02 
AND 0.2 PER CENT ALUMINUM 





Aluminum Aluminum U.T.S. Elong- 


Added, % After Re- No.of No.ofkg/sq _ psi_ation, Density, 
moval, % Melts Bars mm % gm/cc 


5 239 34000 16 889 
6 199 28300 10 883 
$ 190 27000 10 8.69 





0.01  —<0.005 
0.02 < 0.005 
02  <0.005 


“J NO NO 
no 





ASTM Standards do not allow more than 0.003 per 
cent silicon in leaded gun metal. The D.I.N. Stand- 
ards lay down no maximum silicon content. The 
tentative Swedish Standards allow maximum 0.003 per 
cent. 


Removal of Aluminum from Brass and Gun Metal by Slag 

The object of the experiments in removing alum- 
inum as described below has been to examine the ef- 
ficiency of different agents for aluminum removal and 
to prepare instructions for the best removal method. 

The principle involved in the removal of aluminum 
by slag is the oxidation of aluminum in the melt to 
Al,O3 and the absorbtion of the oxide in the slag. 
The oxidizing process is performed by the oxidizing 
agents in the slags and the oxygen in the atmos- 
phere. Fluorides of sodium, calcium, aluminum and 
of sodium aluminum (cryolite) , possess the property, 
both individually and in combination, of dissolving 
aluminum oxide, so facilitating the removal of the 
oxide from the melt. 

Methods Described in Literature: Attempts to re- 
move aluminum from brass, nickel silver and gun 
metal have been made by Samson-Himmelstjerna,* 
who used among other things slags of zinc oxide dis- 
solved in borax. 

Similar investigations have been carried out by 
Claus, who used a commercial aluminum removing 
agent. According to Claus the agent consisted of a 
mixture of sodium and aluminum fluorides and man- 
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eanese and iron oxides. His experiments were made 
on alloys of tin bronze, gun metal and brass. 

in the investigations of both Samson-Himmelstjerna 
and Claus, a few hundredths of | per cent of alum- 
inum generally remained in the metal after refining. 

since the aluminum contents in leaded gun metal, 
as allowed by American and German standards, are 
considerably lower, and moreover investigations by 
the Copper Committee of the Federation of Swedish 
Mechanical Engineering Industries have shown that 
even 0.01 per cent aluminum is sufficient to make it 
practically impossible to cast pressure-tight metal, it 
would appear that the means of aluminum removal 
found by Samson-Himmelstjerna and Claus were in- 
adequate. 

Experimental Procedure: Refining experiments were 
first carried out on a brass (copper 58-60, lead about 
3 per cent, balance zinc) with a comparatively low 
melting point (solidification range). However, it 
was discovered at an early stage that an alloy which 
melted at so low a temperature could only with dif- 
ficulty become free of aluminum, since the slags were 
insufficiently fluid at a temperature when moderate 
zinc fumes occurred. 


Slags Tested for Removal Efficiency 

Subsequent experiments were carried out on a brass 
with higher copper content (80-85 per cent), and 
tests were made to find efficient slags with this alloy. 
Determinations were made both of the minimum 
quantity of slag required at constant refining time, 
and of the shortest refining time, to reduce the 
aluminum to less than 0.01 per cent for a quantity 
of slag five times that of the aluminum in the melt. 
The most efficient agents were finally tested on 83-6-5-6 
gun metal. 

The experiments were made with 50-kilo melts. 
Melting was done in graphite crucibles in a coke- 
fired furnace. The metal was protected against oxi- 
dation during melting by a covering of charcoal. 
After melting and heating to a suitable refining tem- 
perature, the charcoal was skimmed off and the slag 
added and mixed with the melt. . 

In the first experiments the slag was stirred in with 
an ordinary round graphite rod. It later proved ad- 
vantageous to employ a special agitator (Fig. 6), with 
which more efficient mixing of the slag into the melt 
was obtained. 

Samples were taken from the melt at given inter- 
vals with a spoon and cast in a small mold for spec- 
trographic determination of the aluminum content, 


TaBLE 5—CoOMPOSITION OF ALUMINUM REMOVAL 
AGENTs UsED 





Slag Composition of Slag, % 
NaF CaF, Na, Na,SO, Na,CO, Na, ZnO MnO, 

' AIF, B,O, 
“oe ee ee eee ere 

B* 
Cc — 50 20 20 10 _— cose es 

D we 70 = 20 10 _— _— on 
E — — 50 —~ — 25 25 — 
F 25 15 15 15 10 — —_— 20 


* Commercial product consisting of fluorides 
and manganese peroxide. 
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Fig. 6—Plan and elevation of 
graphite agitator used in test 
melts. 
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and for study of the influence of aluminum on the 
surface appearance of the sample. 

Slags Used: In the experiments for aluminum re- 
moval, tests have been made both with commercially 
available agents and with compounds made in the 
laboratory. The compositions of slags are shown in 
Table 5. 

Influence of Temperature on Refining Speed: The 
influence of temperature on the speed of refining was 
studied in two experiments, using a brass containing 
58-60 per cent copper. The temperature of the melt 
was in the one case maintained at about 900 C, and 
in the other at 1050 C. In both experiments 0.4 per 
cent aluminum and 1.2 per cent of slag (A) were 
added. The slag was mixed in with a graphite rod. 

At the lower temperature the aluminum content 
decreased from 0.38 to 0.25 per cent in 30 min. At 
the higher temperature a marked improvement was 
obtained with an aluminum reduction from 0.35 to 
0.035 per cent in the same time. 

A melt at an even higher temperature (1180 C) 
was made with an 85 per cent brass, to which 0.4 per 
cent aluminum and 1.2 per cent slag had been added. 
As before, the slag was mixed in with a graphite rod. 
The aluminum content fell from 0.45 to below 0.01 
per cent after 30-min agitation. These experiments 
confirm what could be expected—that a high temper- 
ature is beneficial to refining speed. 

Efficiency of Different Types of Slags: Determina- 
tion of the minimum quantity of slag necessary to re- 
move | per cent of aluminum was made in an 85-15 
copper-zinc alloy. The refining time generally was | 
hr. The slag quantity was reduced from test to test 
according as it was established that complete removal 
of aluminum had taken place. It proved to be most 
important that the slag was properly mixed into the 
melt. 

The test results were somewhat widespread, which 
may be attributed to varying intensity in agitation 
and certain variations in melt temperatures. 
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The tests made it apparent that, for equal addi- 
tions of slag and aluminum, it is possible under cer- 
tain circumstances to lower the aluminum content 
from | to below 0.01 per cent in | hr. With this pro- 
portion of slag a long refining time is required, even 
with good mixing of the slag. 

Appreciably better mixing than with a graphite 
rod is obtained by utilizing the graphite agitator 
illustrated in Fig. 6, which consists of a rod to which 
is fixed a disc with a number of drilled holes. 

The resuits of the tests are shown in Table 6. For 
an addition of 2 per cent of slag (A), being twice the 
amount of aluminum, the aluminum content fell 
after 1-hr agitation from 0.94 to below 0.01 per cent. 
A reduction of the slag addition by half, while main- 
taining the same intensity of agitation, was not suf- 
ficient to bring the aluminum content down to the 
desired figure. However, with the agitator shown in 
Fig. 6, and equal additions of aluminum and slag, 
adequate removal of aluminum was achieved with 
slag (A). S!ags (B) and (D) proved the most efficient 
of the other types tested. 



















Large Slag Addition Reduces Refining Time 


A refining procedure as described above, i.e., with 
small s!ag additions in relation to the amount of 
aluminum in the melt, is neverthe!ess uneconomical 
due to the large metal losses and high fuel costs oc- 
casioned by the long refining time. A larger slag ad- 
dition makes refining quicker. In a new series of 
tests on an 85 per cent brass with 0.3 per cent 
aluminum, a slag addition was made of five times the 
aluminum quantity. Only the best slags from the 
foregoing tests, namely, (A), (B) and (D), and a new 
slag (F), were included in the new series. 

The results shown in Tab!e 7 indicate that agita- 
tion for 10 min, using the best slags, sufficed to lower 
the aluminum content from 0.3 to less than 0.01 per 
cent. 

Control on Gun Metal: The test results were finally 
controlled in an 83-6-5-6 gun metal. Additions of 
0.3 per cent aluminum and 1.5 per cent slag of types 
(A), (D) and (G) were made to the melts. 

Generally speaking, the same results were obtained 
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as in the tests on brass, in that the aluminum content 
went down from 0.3 to below 0.01 per cent in 10 min. 
Samples taken after 5-min refining showed incom- 
plete removal of aluminum, but the content did not 
amount to more than a few hundredths of | per cent. 
The results are given in Table 8. 

Silicon Absorption in Refining—Removal of Silicon: 
It was noticed that the metal, after some of the re- 
fining tests, contained a small amount of silicon, in 
certain cases amounting to 0.1—0.2 per cent. 

Experiments established the fact that the sil‘con 
originated from the silica-bonded crucibles used in 
the tests. The slag released silica, which was then re- 
duced by the aluminum present in the melt and dis- 
solved in the metal in the crucible. 

It proved that aluminum must be present in the 
melt for silicon to be absorbed. No silicon has been 
observed in test melts treated with fluoride-containing 
slag without addition of aluminum. However, it may 
be assumed that silica is also released when alumin- 
um is not present in the melt, but that in this case 
it is either directly absorbed in the slag or reacts 
with the slag to give off silicon fluoride. 

Experiments have also shown that silicon can be 
removed from the metal by the slag used, if the metal 
is free from aluminum. The silicon content does not, 
however, fall with quite the same speed as aluminum. 
Thus it is possible to first remove the aluminum, 
and subsequently the silicon from the crucible mater- 
ial. Between the refining operations an exchange of 
slag is recommended. 

Manganese Absorption in Refining: In refining op- 
erations with slags containing fluorides with mangan- 
ese dioxide as oxidizing agent, the melt has absorbed 
manganese. After accitions of 0.3 per cent aluminum 
and 1.5 per cent slag (B), the melt contained about 
0.4 per cent manganese after completion of refining. 
If the melt absorbed the entire manganese content 
of the slag, the slag must have contained about 40 
per cent manganese dioxide. 

ASTM makes no mention of the manganese con- 
tent allowed in jeaded gun metal, while D.LN. 
Standards permit 0.2 per cent. The tentative Swedish 
Standards allow 0.1-0.2 per cent Mn. 


TABLE 6—ALUMINUM REDUCTION IN A 50-KILo (110-LB) MELT oF AN 85 Per CenT Brass, REFINED WITH Dir- 
FERENT SLAGs. Approx. 1 PER CENT ALUMINUM ADDED 
























* Agitator—round graphite rod. In the other tests an agita- 
tor was used as shown in Fig. 6. 
**55 minutes. 


Slag Slag Composition Slag,% Temp.,C % Al Content at Different Refining Times, min 
0 10 20 30 40 50 60 
A*) 30%, NaF, 20%, CaF:, 20%, 2 1170 0.94 0.44 0.28 0.18 0.12 0.05 <0.01 
A*| Na.AIF,, 20% Na,SO,, 1 1170 1.00 0.84 0.37 0.29 0.23 0.18 0.12 
A*( 10% Na,CO,; 1 1130 0.99 0.71 0.62 0.54 0.45 0.36 0.28 
A J 1 1150 0.83 0.47 0.33 0.27 0.11 0.02 <0.01 
B_ Flucrides and MnO, 1 1180 0.73 0.24 0.18 0.14 0.09 
C 50% CaF., 20%, Na,AlF,, 3 1100-1150 0.89 0.52 0.37 0.37 0.21 0.08 0.03** 
20% Na,SO,, 10% Na,CO, 
D 70% CaF,, 20% Na,SO,, 1 1170 1.05 0.59 0.40 0.31 0.16 0.11 0.06 
10%, Na,CO, 
E 50% Na,AIF,, 25% Na,B,O,, 2 1100-1150 0.98 0.67 0.57 0.43 — 0.20 
25% ZnO 
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Sulphur Absorption in Refining: Some of the refin- 
ing agents employed contain sodium sulphate as oxi- 
dizing agent. Since even comparatively small quanti- 
ties of sulphur have a detrimental effect on the prop- 
erties of the material, and the melt may absorb sul- 
phur from the sodium sulphate, an investigation was 
made as to whether a deterioration in material prop- 
erties might have occured through sulphur absorp- 
tion. 

In a 50-kg melt of 83-6-5-6 gun metal, 0.3 per cent 
aluminum and 1.5 per cent slag (A) were added. 
The sulphur content was determined before and 
after refining. Sulphur contents of <0.001 and 0.014 
per cent, respectively, were found. The sulphur in 
the slag was estimated at 0.07 per cent of the weight 
of the melt, so that only a part of the sulphur had 
been absorbed. 

ASTM and the tentative Swedish Standards allow 
0.08 per cent sulphur, and D.IL.N. 0.05 per cent; 


TaBLE 7—ALUMINUM REDUCTION IN A 50-KILO (110- 
LB) MELT oF AN 85 Per Cent Brass, REFINED WITH 
DIFFERENT Stacs. 0.3 PER CENT ALUMINUM AND 1.5 
Per CENT StaG ADDED. AGITATOR AS SHOWN IN Fic. 6 





Slag Slag Temp., 
Composition Cc 


% Al Content at Different 
Refining Times, min 


0 2 4 5 0 15 
A) 30% NaF, 20% CaF; 1170 028 — — — 0.015 <0.01 





A] 20%, Na,AIF,, 20% 1150— 

Na.SO,, 10% Na,CO, 1200 0.30 0.08 0.03 0.02 
A 1050— 

1100 0.30 0.14 0.06 0.04 

A 1150 0.27 0.11 0.05 0.03 
A 1050 0.34 — — 0.06 
A 1090 0.27 — — —<0.0l 
A 1180 0.21 — —~<0.01 
B) Fluorides and MnO, 1100* 0.33 — — 0.06 0.02 <0.01 
B( 1100* 0.34 — — 0.03<0.01 
D) 70%CaF., 20%Na,SO, 1150° 0.27 — — —<0.01 
D{ 10% Na,CO; 1150 029 — — — 0.015 <0.01 
F 25% NaF, 15% CaF, 1240 0.24 0.03 0.01 


15% Na;AIF,, 15% 
Na,SO,, 10% Na,CO, 
20% MnO, 
Approximaie 





therefore, no problems caused by sulphur need be 
expected. Refining was carried out in a coke-fired 
crucible furnace, and it is therefore conceivable that 
part of the sulphur in the metal came from the 
furnace gases. 

Slag Attack on Crucibles: Crucibles are attacked by 
refining agents that contain fluorides. This action, 
which is confirmed by the release of silica referred to 
earlier, has been determined approximately by weigh- 
ing a crucible before and after a number of refining 
operations. After ten operations with slag (A), a 
silica-Londed graphite crucible, weighing 23 kg (50 
lb) had lost 5.5 kg (12 Ib) in weight. The action by 
the slag has teen found to be due not only to the 
slag quantity and the aluminum present, but also to 
the temperature and fluidity of the metal, and thus 
of the slag. 

Hygroscop‘city of Different Compounds: The hygro- 
scopicity of slag (A) and of its chemical constituents 
was determined by normal methods. The following 
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TABLE 8—ALUMINUM REDUCTION IN A 50-KILO (110- 

LB) MELT oF 83-6-5-6 GuN METAL, REFINED WITH Dir- 

FERENT SLaAGs. 0.3 PER CENT ALUMINUM AND 1.5 PER 
CENT SLAG ADDED. AGITATOR AS SHOWN IN Fic. 6 





Slag Slag Composition Temp., % Al Content at Different 





Cc Refining Times, min 
. > * 10° 
A) 30% NaF, 20% CaF, 1120 03° — 0.02% <0.01 
A{ 20% Na,AIF,, 20% 1100 03% O.1* 0.04* 
Na,SO,, 10% Na,CO, 
D 70% CaF», 20% Na,SO, 1100 03* — 0.03* <0.01 
10%, Na,CO, 1100 0.3" 0.05-0.1 0.05* 


F 25% NaF, 15% CaF, 1070 3° Gir. Gua 
15% Na,AIF,, 15% Na,SO,, 
10% Na,CO;, 20% MnO, 
* Approximate 





results were obtained: 


Compound Hygroscopicity (water, %) 
BP Gah 440 dueckiawus stexseneteschas boone 0.5 
RIE $6 by 0c ck +0 56g dae ssenndecendessaniueeee 0.01 
Pa och cchavewenrovetecdscctstasnnanbass 5.0 
MUG Shas o6acsewsenccadansheanes ee sesubee 4.9 
srr liT Tere rrr itr teers 4.5 
BEE. ks ca wcnverewiedenssansssseeusansageas 3.2 


The fluorides and fluoride slags should be kept pro- 
tected against water absorption. 


Recommended Foundry Procedure for Aluminum Removal 
from Brass and Gun Metals 


After melting the aluminum-containing alloy un- 
der a suitable cover, the melt is heated to refining 
temperature (about 100 C above the liquidus temper- 
ature). The cover is skimmed off and |—1.5 per cent 
of the aluminum removal agent is added. The addi- 
tion should be made in portions under careful agita- 
tion to avoid splashing of the metal in the event of 
the slag being moist. When the whole slag has been 
added, the melt is violently agitated, eg., with an 
agitator such as shown in Fig. 6. 

After about 5-min agitation a suitable sample is tak- 
en from the melt. With some experience it is possible 
to judge, with fairly high accuracy, from the appear- 
ance of the solidified specimen whether aluminum 
still is present. If even very small amounts of alum- 
inum are present (0.01—0.02 per cent) the appearance 
of the specimen will differ slightly from that of alum- 
inum-free metal. An aluminum-containing specimen 
has a comparatively bright and smooth surface, while 
the surface of an aluminum-free metal is duller and 
rougher (Figs. 7 and 8). 

If the test casting shows that aluminum still is 
present, the melt is stirred for a few minutes longer 
with or without a new addition of slag, after which 
a new sample is taken. When the appearance of the 
specimen resembles that of the specimen in Fig. 8 
the aluminum content is quite low. Since 0.01-0.02 
per cent aluminum seems to be the lowest content 
that indicates the presence of aluminum in a test 
casting, refining must continue a minute or so longer, 
after coming telow this aluminum content, in order 
to ensure that aluminum removal is complete. If 
there is any doubt about the amount of aluminum 
remaining, it is recommended that refining continue 
a minute or so longer than is really necessary. 














Fig. 7 (top)—Test specimen containing 0.2 per cent 

aluminum. Bright, smooth surface. Fig. 8 (bottom)— 

Test specimen containing <0.01 per cent aluminum. 
Dull, rough surface. 


Before pouring, dross and slag should be skimmed 
off the melt. There may be some difficulty in doing 
this if the slag is very fluid, but it can be thickened 
with sand and is then easier to skim. The melt should 
be left standing awhile before pouring in order to 
allow any oxides present to rise to the surface. The 
foundry treatment with slags must, of course, vary 
with the equipment and control measures available. 


Summary 


The influence of aluminum on the strength and 
pressure tightness of 83-6-5-6 gun metal has been ex- 
amined. Different refining agents have been tested 
for removal of aluminum from brass and gun metal 
melts. The findings are as follows: 

1. Strength and pressure tightness deteriorate with 
only 0.01 per cent aluminum present. 

2. If a gun metal melt containing aluminum is 
treated with a slag-forming refining agent so that 
complete aluminum removal is achieved, normal 
strength and pressure-tight metal is again obtained. 

8. The most efficient aluminum removing agents 
were slag (A) with 30 per cent NaF, 20 CaF,, 20 Na; 
AIF,, 20 Na.SO,, 10 NasCO,;:; slag (D) with 70 per 
cent CaF,, 20 Na SO,, 10 Na,CO3; and slag (F) with 
25 per cent NaF, 15 CaF, 15 NA3AIF¢, 15 Na2SO,, 10 
Na,COsz, and 20 MnQOsz. 

4. A content of 0.3 per cent aluminum in gun 
metal or 80-85 per cent brass can be brought under 
0.01 per cent in 10 min by adding 1.5 per cent slag. 

5. Refining speed is dependent on the amount of 
slag added, the temperature of the melt and the in- 
tensity of agitation. 

6. An opinion of the aluminum content in the 
melt can be obtained by casting small test specimens 
and studying the surface of the frozen metal. 

7. If the slag contains manganese dioxide as an 
oxidizing agent, the melt absorbs manganese dur- 
ing refining. 

8. Fluoride slags release silica from silica-bonded 
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graphite crucibles. The silica is reduced by aluminum 
and dissolved in the metal. 

9. Silicon does not have the same harmful effect 
as aluminum on the material properties. 

10. Silicon, like aluminum, can be removed by 
treating the melt with slag. Aluminum must be ‘e- 
moved first, after which a new slag is prepared. 

11. Sulphur absorption when refining with slag 
containing sodium sulphate as an oxidizing agent is 
not of a serious order. 

12. Recommendations are made on methods of 
removing aluminum under practical conditions. 
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DISCUSSION 


Chairman: G. P. HALttwe_t, H. Kramer & Co., Chicago. 

Co-Chairman: H. J. Roast, London, Ont., Canada. 

Recorder: R. A. Cotton, American Smelting & Refining Co., 
Barber, N. J. 

J. G. Kura (Written Discussion):* Mr. Larsson has presented 
very interesting data on the influence of aluminum on the 
properties of cast gun metal. The method developed to remove 
aluminum from the melt appears to be quite efficient. 

Because neither metallographic nor radiographic examination 
was made of the leak-test discs, there may be some question as 
to the actual cause of leakage. The turbulence encountered with 
tcp pouring and rapid solidification of the test disc could 
readily resuJt in the formation of dross and entrapment of dross 
and gas bubbles. Shrink cavities may also be the cause of leak- 
age, and, in this test piece, their occurrence would be dependent 
upon the amount cf gas in the melt and the pouring tempera- 
ture.',? If the gas content of the melt is very low, if the pouring 
temperature is low, and if feeding of the casting is not adequate, 
shrink cavities are apt to form. Examination of the discs for the 
cause cf leakage may result in a better concept of how the 
presence of aluminum promotes leakage. 

The author has shown that the addition of aluminum has a 
marked deleterious effect on tensile properties and density. It is 
known that the D.T.D. test-bar design is relatively insensitive to 
melt quality and normally yields low tensile preperties.* There- 
fore, it must be assumed that the deleterious effect of aluminum 
is, indeed, very streng. 

It is not unusual to find no clear correlation between the 
density of a tensile bar and the leak tightness of a separate 
casting. Comparing the data in Table 1 with those in Table 2, 
it appears that the correlation follows somewhat the accepted 
trend depicted in Fig. 4. In other words, too l-w a gas content 
can result in excessive shrinkage which, in turn, will not mate- 
rially lower the density but couid be the cause of leakage. Thus, 
with reference to the data in Table 1, the low gas content of the 
melt rather than the addition of 0.01 per cent aluminum may 
be the reason for the decreased leak tightness. This reasoning 
may also be applicable to the specific data in Tables 3 and 4, 
which deal with melts containing additions of 0.01 per cent 
aluminum. 

Tables 3 and 4 show that leak tightness and tensile properties 
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are improved by the removal of the aluminum. The disturbing 
obsc: ation is that the density of the tensile bars is of the 
samc order after removal of aluminum as it was before the 
trearment. If the treatment had resulted in degassing the melts, 
all the density values in Table 4 should have been of the 
samc order of magnitude, say 8.88. Furthermore, it would 
appear from the data that a higher incidence cf leak tightness 
was obtained at the lower density levels. The lower density 
values were obtained with the treated melts which originally 
had the highest aluminum content. Perhaps the author may 
have some explanation for these disturbing observations. 
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R. A. Cotton (Written Discussion): On numerous cccasions | 
have had the opportunity to observe a corollary effect of alumi- 
num in tin bronze and leaded tin bronze allcys. It should be 
noted that aluminum is a strong deoxidizer and undoubtedly 
will scavenge for oxygen in many of these common copper-base 
alloys. On several occasions we have encountered unusual shrink- 
age conditions in bronze castings which upon thorough investiga- 
tion was found to be due to aluminum picked up as an impurity 
during the melting operation. 

The most striking example of what a small amount of alumi- 
num can do is the extraordinarily deep pipe found both in the 
risers and in the sprue of tin bronze and leaded tin bronze 
castings which have been unintentionally deoxidized with alum- 
inum. Apparently, the effect is to degas the metal rather thor- 
oughly by removing the oxygen available for the steam reaction. 
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rhis action is so complete that metals which normally never 
exhibit deep shrinkage cavities or pipes exhibit a shrinkage more 
characteristic of narrow freezing range alloys. 

In every case where we have found this extraordinary shrink- 
age, which many times has caused castings to be rejected, upon 
carcful analysis we have found aluminum to be present in quan- 
tities up to 0.10 per cent. Usually this much aluminum can be 
detected on the surface of the casting as a silvery film. If the 
aluminum content runs 0.01 per cent or less, however, it may be 
difficult to detect it by appearance but its effect may be seen, 
nevertheless, in the unusual shrinkage pattern. 

It is only ccmparatively recently that we have had analytical 
methods sensitive enough to detect aluminum contents below 
0.10 per cent with any degree of accuracy. Since these techniques 
have been available, we have been able to attribute these ccca- 
sional unusual shrinkage cavities to the presence of aluminum 
as contamination in these alloys. 

R. H. Gitsert:? Mr. Larsson’s findings confirm our research 
data on the effect of aluminum on leak tightness of 81-3-7-9 
alloy castings. A few hundredths of a per cent of aluminum 
seriously affects the density of the alloy and leakers become ex 
cessive. Castings that normally tested 5 per cent leakers, leaked 
100 per cent when 0.05 per cent aluminum was added to the 
melt. Incidentally, the fractures were excessively discolored and 
while tensile properties were never determined it was obvious, 
from the extent of microporosity that was present, that they 
would be extremely low. 

I am interested in the mechanism that is involved and am 
wondering if Mr. Larsson has any information that would shed 
any light on this phase of the subject. 

W. B. Scott:* The role of the aluminum is to decrease the 
tin solubility resulting in a continuous tin-rich phase predomin 
ating in effecting the physical properties toward a brittle weak 
material. This comment is based on private unpublished obser 
vation. 





1 Asst. Supervisor, Nonferrous Metallurgy, Battelle Memorial Institute, 
Columbus, Uhio. 

2 Metallurgist, H. B. Salter Mfg. Co., Marysville, Ohio. 

® Metallurgist, National Bearing Div., American Brake Shoe Co., Meadville, 
















DEVELOPMENT OF 





India with all her past glory of civilization with 
philosophies, architects, arts and culture was not lack- 
ing in the art of forming metal to shape. Although 
an agricultural country, India also had her own in- 
dustrial activities on metal industries particularly iron 
and steel. The late great Indian economist Justice 
V. R. Ranade in his “Essays on Indian Economics” 
(First edition pp. 159-160) wrote on Indian iron and 
steel industry the following: 

“The iron industry not only supplied all local 
wants, but it also enabled India to export its finished 
products to foreign countries. The quality of the 
materials turned out had also a world-wide fame. The 
famous iron pillar near Delhi, which is at least 15 
hundred years old, indicates the amount of skill in 
the manufacture of wrought iron, which has been 
the marvel of all who have endeavored to account for 
it. Mr. Ball (late of Geological Survey of India) ad- 
mits that it is not many years since the production 
of such a pillar would have been an impossibility in 
the largest factories of the world, and even now, there 
are comparatively very few factories where such a 
mass of metal could be turned out. Cannons were 
manufactured in Assam of the highest caliber. Indian 
steel furnished the materials out of which Damascus 
blades with a world-wide reputation were made; and 
it paid Persian merchants in those old times to travel 
all the way to india to obtain these materials and 
export them to Asia. The Indian steel, found once 
considerable demand for cutlery even in England. 
The manufacture of steel and wrought iron had 
reached a high perfection at least two thousand years 
ago.” 

Recent history of the Indian steel foundry industry 
has linked up with the development of her railways, 
some time in the later part of the 19th Century. 
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The first steel foundry in the country was estab- 
lished in 1890 in a railway workshop which is now 
known as the Central Railway. An acid Tropenas 
convertor of 2 tons capacity was installed mainly for 
the purpose of producing steel castings for the main- 
tenance of locomotives, carriages, wagons, etc. At that 
time pig iron was not available in India and hematite 
pig iron and refractories used to be imported from 
the United Kingdom. It is interesting to note that 
this foundry is still in existence producing about 
40/50 tons of steel] castings per month mainly for 
internal consumption by the railway. Between the 
period 1890 and 1920, the major iron and steel pro- 
ducing units were installed and developed in the 
country. 

The success obtained by the promoters of these 
plants enccuraged Indian business men to develop 
other subsidiary branches of iron and steel industry 
and steel foundry industry is one of them. Between 
the period of 1920 and 1940, seven commercial steel 
foundries have been set up in the country by private 
enterprise, three steel foundries by the Defense De- 
partment of the Govt. of India and one state spon- 
sored. Leaving aside the foundries of the ordnance 
factories which are mainly engaged on defense re- 
quirements there are altogether nine foundries in 
the country with a productive capacity of 12,000 to 
13,000 tons of black castings per annum. In addition 
to this the two major Indian iron and steel producers 
have their own steel foundries for the purpose ot 
meeting their own maintenance demands, 

I would like to mention here a brief picture of the 
working of the Indian steel foundries. 

Melting Units 

The melting processes employed by our steel found. 
ries are as follows: 

1. Acid Tropenas convertor in one foundry (2 tons 
capacity) . 

2. Acid open hearth in one foundry (Two 5-ton 
capacity) . 

3. Basic openhearth in one foundry (5-ton ca- 
pacity) . 

4. Basic electric Herolt-type in 6 foundries (l-ton 
to 10-ton capacities) . 
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Iu these commercial steel foundries only 4 per cent 
of ie total steel is produced by acid Tropenas pro- 
cess, 25 per cent by acid openhearth, 12.5 per cent by 
basic openhearth and 60 per cent by basic electric 
pre ess. 


Raw Materials 

Basic pig iron and scrap steel— The only Indian acid 
Tropenas convertor entirely depends for its raw ma- 
terial upon selected steel scrap containing very low 
sulphur and phosphorus. These steel scraps are 
melted in a cupola with sufficient Fe-Mn, Fe-Si and 
high coke ratio and then brought to the Tropenas 
and blown. Formerly, this particular melting unit 
used to be fed by English hematite pig iron. 

\t present due to high cost and very short supply 
of English hematite pig iron, Indian acid furnaces 
except ordnance factories have to depend entirely on 
selected stec: scrap, as hematite pig iron cannot be 
produced in India due to bad quality of Indian coke 
which contains high percentages of sulphur and phos- 
phorus though very good quality hematite iron ore 
is available. So, the Indian acid openhearth furnaces 
also have to depend on 100 per cent selected steel 
scrap. 

The basic openhearth furnace in one of the found- 
ries generally uses 50 per cent steel scrap and 50 per 
cent basic pig iron. The Indian basic electric steel 
furnaces use 100 per cent ungraded steel scrap as 
this is the cheapest material available in abundance. 
Cost of power so far as electric furnaces are concerned 
is comparatively high but is compensated for to some 
extent by using comparatively cheap raw material. 
These basic electric furnaces are remelting and re- 
fining units. , 


TABLE 1—ANALYsIS OF INDIAN COKE 














A B 
Fixed Carbon, % on 78 to 82 65 to 70 
Ash, % 14 to 18 20 to 25 
Volatile matter and. moisture, % 4 4 





TABLE 2—ANALYSIS OF INDIAN IRON ORE, % 





SiO, FeO, FeO  AlO, MnO CaO P.O; 
~ 0.90 94.2 0.47 0.98 0.18 0.26 0.072 


lron Ore and Mn-Ore 


Iron ore and Mn-ore required for the Indian 
foundry melting units are available very cheaply as 
huge deposits of these ores are available in our 
country. 

Fuels—The quality of Indian metallurgical coal 
and coke is not very good due to the high ash content 
and the high percentage of sulphur and phosphorus. 
They are however available in abundance in our 
country. The openhearth furnaces of our country 
are fueled by producer gas which is made in producer 
plants near the furnaces using Indian steam coal and 
Indian hard coke and an attached boiler. The com- 
position of producer gas is as follows (by volume) : 

CH,—3 to 5 per cent, CO,—8 to 10 per cent, H,— 
13 per cent, O,—2 to 6 per cent, CO—18 to 22 per 
cent, and N—Balance. 
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The electric furnaces obtain the power supply from 
city electric supply companies at industrial unit rates. 
None of these foundries have their own power plants. 


Refractories and Fluxes 


Refractories both acid and basic such as ganister, 
silica sand, magnesite, dolomite, etc. are available in 
India. Silica bricks, fire-bricks, magnesite bricks, etc. 
are now manufactured for the lining and roof making 
of these furnaces. Fluxing material such as limestone 
and lime is available in India in abundance. Good 
quality fluorspar however is not available in India. 


Ferro-Alloys 


Ferro-alloys such as Fe-Mn and Fe-Si are now manu- 
factured in India and new plants for manufacture of 
Fe-Mn are going to be set up in our country. This 
will not only make India self-sufficient so far as this 
important item is concerned but also a major portion 
of the same will be exported to earn more dollars 
for our national industrial development. As regards 
Fe-Si, we are not fully self sufficient and have to de- 
pend partially on Canada for the supply of this im- 
portant material. 

Other ferro-alloys such as Fe-Ti, Fe-Va, Fe-Cr, etc. 
are not manufactured in India and our foundries 
depend entirely upon import from foreign countries. 


Carbon Electrodes for Electric Furnaces 


For the supply of carbon electrodes for electric 
furnaces our country is dependent entirely on foreign 
supplies particularly from U. S. A. and small per- 
centages from Germany and Japan. 


The Furnaces 


The capacities of the furnaces in Indian foundries 
varies from one to ten tons. All except one are hand 
charged units. One 10-ton unit however is provided 
with top charging arrangements by overhead crane. 
The foundry industry has not been developed in India 
in a planned way as a result of which there has been 
surplus melting capacity in each foundry producing 
liquid steel by electric furnaces. This surplus liquid 
steel is cast as ingots for rolling and invariably every 
foundry producing steel by electric furnaces had had 
to put up rolling mills to consume the ingots thus 
produced. As a result the rolling mill industry has 
been developed side by side with the foundry industry 
where electric furnaces are used as melting units. 
The foundries with Tropenas and acid and basic 
openhearths as melting units utilize the whole of 
the liquid steel produced, for the consumption of 
their foundries only. 


In the Field of Modern Development 


The latest development in the field of melting 
practice of steel, such as injection of oxygen for mini- 
mizing oxidation period, raising bath temperature 
without loss of time, minimizing the loss of oxidizable 
costly metals such as chromium in case of alloy steel 
making, is not generally employed except in the field 
of experiment in some of the foundries. 

















Alloy Steel 


In addition to ordinary plain carbon steel castings 
some of the foundries produce austenitic Mn-steel 
castings and Ni-Cr steel castings according to the de- 
mands of the specification. 


Pattern Making 


Pattern making is an integral part of steel found- 
ing in India as it is in all countries but commercial 
pattern making is not so popular yet. Many good 
carpenters were available in India during the period 
when foundries were being developed in the country. 
The European technicians of Indian railways and 
ship yards trained many of these carpenters to pro- 
duce patterns as per blue prints. At the present time 
good pattern makers are abundant in the country. 
The former Indian pattern shops were not well equip- 
ped and the pattern makers used simple tools such as 
hand-saw, chisels, jack-planes, etc. for their bench 
work. 

Now, at the present time, almost all the foundry 
pattern shops are well equipped with band-saws, cir- 
cular saws, cross-cut saws, planing and thicknessing 
machines, lathes, etc. Recently, there has been some 
commercial pattern shops whose business it is to sup- 
ply patterns to customers as per specifications. The 
bulk of the work done by these pattern makers is for 
iron foundries only; but they also undertake jobs for 
steel foundries too. But reliable commercial pattern 
makers for steel castings are limited in numbers. 

At the present time Indian pattern makers are quite 
competent to prepare patterns and core boxes as per 
drawing, to mount thtze patterns on pattern plates, 
avoiding cross-joints, making arrangements for the 
methods of gating and feeding and contraction and 
finishing allowances. 

Pattern materials: Materials used for pattern mak- 
ing are mainly wood but, metal patterns are also 
used in cases when large numbers of castings justify 
the use of metal. Cement, plaster and plastics are 
very rarely used. Generally seasoned Burmah teak 
timber is used for pattern making in India. If sea- 
soned properly, the expansion and contraction due 
to seasonal variation of temperature and humidity 
is almost negligible. Patterns and core boxes made 
from this timber can be retained for 15 to 20 years 
without much disintegration or crack. Presently how- 
ever due to the limited supply of Burmah teak timber, 
seasoned C.P or Assam teak are also used for pattern 
making. Metals used for pattern making are generally 
duralumin, brass and cast iron depending on the 
nature of the work and the method of molding to be 
employed. 

Coloring of Patterns: There is no Indian standard 
specification for painting and varnishing patterns but 
every foundry has its own color code. Generally 
small patterns are varnished and larger ones are 
painted red to indicate machined surfaces, yellow for 
core-prints and black or gray for other surfaces. 

Pattern stores: In every foundry, a proper pattern 
store is maintained for storing the old patterns and 
core boxes with a simple method of indexing. 








DEVELOPMENT OF STEEL FOUNDRIES IN Is\i4 


Foundry Sand 


As in every other country, in India also foundry 
sands are produced by weathering and disintegration 
of massive igneous rocks. Sources and qualities of 
sands for steel foundries are Jabbulpore silica, }.aj- 
mahal quartz, river sand and Damodar rock sands. 
These sands differ in chemical compositions, grain 
size and clay contents. The latter contain high per- 
centages of clay and are generally mixed with the 
fermer varieties for different types of work. Pias- 
ticity, green and dry strength, permeability, refrac- 
toriness and grain size and shape are the qualities of 
foundry sand. Bentonite powder, full bond, molasses, 
dextrin, linseed oil, etc. in different proportion are 
also used in foundries for preparation of different 
sands for green and dry sand molding and core- 
making. 


ANALYSIS OF SAND 





Source SiO. Fe,O;, Al,O, etc. 
% % % 

Taljuri 90 9 

Jubbulpore 95 5 

Yellow Sand 70 30 





GRAIN SIZE OF SAND 











Mesh 
Source 8 10 6 2 30 44 6 10 
Taljuri 06 10 2 37 #138 6 


Jubbulpore 6 26 16 17 19 13 «14 8 





In India, there was no sand testing equipment for 
scientific control of foundry sands and the molders 
used to guess the properties of the prepared sands 
simply by feeling and pressing the same in their 
palms. 

Presently, almost every steel foundry is well equip- 
ped with a modern sand laboratory containing equip- 
ment for making sand test specimens, green and dry 
permeability, green and dry strength, shatter test, 
moisture tester, sand drying ovens, laboratory sand 
mill for making new batches of sands for standarizing 
the foundry sands, clay determining equipment, physi- 
cal balance, riddles for grading sands and arrange- 
ments for chemical testing of sands. Silica sands and 
quartz sands containing 95 per cent to 98 per cent 
SiO,, and rock or yellow molding sands containing 
10 per cent to 14 per cent of clay substance are gener- 
ally used for molding purposes, whereas river sands 
with comparatively small grain size and uniform grain 
shape are used for core-making. Previously, in Indian 
foundries, only roller type pug mills used to be em- 
ployed for sand mulling. At present improved types 
of plow scraper, kneeding roller, and aerating type 
mixers have been installed in various foundries with 
better sand mulling practice. For mixing core sand, 
core sand mixers have been installed. Dry sand mold- 
ing practice is widely employed in all the steel found- 
ries in India with only one foundry successfully carry- 
ing out green sand molding. This improved equip- 
ment made it possible to have better control of 
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foundry sand which has ultimately made the green 
sand practice a success at least in one foundry in our 
country. 






































Dry 
Perme- Flow- Strength, Moisture Perme- Strength, 
ability ability psi % ability _ psi 
Green Sand Big Wy cathe aes Oe ed 
Facing 150to 70to ll to 4to 
200 72 15 4.5 
Backing  120t0 72to l0to 35to | 
160 75 14 4.5 
Dry Sand  60to 74to 35to 6to 80to 180min 
Facing 70 80 6 8 100 
Backing §§ 36t0 68to 5to 6to 52to 180min 
48 72 8 8 60 
Core Sand 48to 68to 6to 6to 52to 160min 
52 72 8 75 60 
Core Sand 
Dextrine & 119 75 3.8 75 226 340 min 
Linseed Oil 





Sand Handling 

Prior to World War II, manual handling of foundry 
sand was the only handling process. Now, after the 
termination of the War, labor problems are becoming 
more and more complicated. This situation coupled 
with high wages, is inducing the Indian industrialists 
to introduce various labor saving devices and the 
mechanization of foundries particularly sand handling 
devices such as belt conveyor, magnetic separator, sand 
elevator, rotary screen, bucket loader, storage hopper, 
sand mills, core sand drier, and sand distribution 
arrangements are being introduced in Indian found- 
ries. 


Molding and Core-Making 


After the patterns and core-boxes are made they are 
finally checked by making sample molds and sample 
castings with proper molding sand. From _ these 
sample castings the accuracy of the patterns and core- 
boxes is checked before they are finally handed over 
to the molding and core-making shops for mass pro- 
duction purposes. If necessary, corrections and recti- 
fication of patterns and core boxes are made at this 
stage after comparing the patterns, core boxes and 
sample castings. 


Mold Boxes or Flasks 


Selection of pairs of mold boxes (flasks) is another 
important factor as slight defects in flasks may cause 
cross-joints and ultimately the whole lot of castings 
may be rejected due to this. The difficulty of getting 
supplies of mold boxes in India is very great. Every 
Indian foundry has to make its own mold boxes. 
These boxes are made either from cast steel or fabri- 
cated, machined and drilled in their own shops. There 
is not a single firm in India specializing in the manu- 
facture of mold boxes. In extreme cases it is found 
economical to import them from Europe. There is 
no general standardization of mold boxes and as such 
every foundry has different types of mold boxes for 
the same type of job. 








Molding 


Previously all the steel foundries of India were 
accustomed only to dry sand molding practice. Floor 
molding by hand ramming and board or plate mold- 
ing in case of small castings by dry sand process in- 
cluding sweep molding in case of symmetrical cir- 
cular castings and gear molding were known to Indian 
steel founders. Later on, simple types of hand ram- 
ming pattern draw type hand-operated molding ma- 
chines were installed in our steel foundries, 

At the present time, Indian foundries will be mech- 
anized and in the meantime some foundries have 
completed mechanization and modernization for in- 
creased production from the same floor space with 
comparatively reduced number of workers. In these 
mechanized and semi-mechanized foundries, jolt 
squeeze turnover pattern draw type pneumatic mold- 
ing machines, sand slingers and plain bumping type 
pneumatic molding machines have already been in- 
stalled. In addition pneumatic rammers are widely 
used. 

Previously, whatever may be the shape and size of 
the job, the molder had to rely on his skill for making 
proper molds in two or three parts, according to the 
need of the job, by hand ramming process. Only 
recently, machine molding has become popular and 
many foundries are installing latest type molding 
machines. Demands for mass produced items in large 
quantities have justified introduction of machine 
molding. 

So far, only in one foundry, green sand molding 
has become successfully introduced. This foundry is 
putting up complete mechanization units consisting 
of roller conveyors, knock-out grids, underground belt 
conveyors for knocked-out sand, magnetic separators, 
elevators, rotary screen, sand storage hopper, bucket 
loader, overhead sand conveyors, feed hoppers with 
gate valves for feeding sands to the various types of 
pneumatic molding machines for green sand molding 
practice. 

The selection of method of molding to be employed 
for making a particular casting depends on the size, 
shape, weight and intricacy of the casting and the 
total number of castings to be made. Indian foundries 
are gradually realizing the value of scientific method- 
ing. In some foundries this is done on the blueprints 
but in majority of cases the selection of method of 
molding, gating and feeding are left to the discretion 
of the foreman in charge of molding shops. It is 
hoped that in course of time, every foundry will 
realize the value of scientific methoding for the 
standardization of these processes and introduce this 
methoding arrsngement in their own foundries. 


Core-Making 


Formerly, cores used to be made by hand in Indian 
steel foundries but presently, some of our foundries 
have installed core-blowing machines for standard 
jobs, though the old method of manual core making 
is still practiced in all of our foundries. For com- 
paratively larger cores, the use of core irons and bent 
or circular rod insertion to give better mechanical 








88 





support to the cores, provision of vent holes and 
cinder packing inside the cores are also done to ob- 
tain better permeability of the cores to produce sound 
castings. Core making is sometimes practiced accord- 
ing to the demand of the job, for example, striking 
type cores for cylindrical castings in almost all such 
cases the core is built upon a perforated iron pipe 
with straw rope winding over which a coating of 
loam sand mixture is applied and finally finished by 
applying facing sand. 

The mystery of core blowing or sand blowing is 
gradually becoming clear to the Indian founders. The 
principle of blowing consists of applying a stream of 
air at a pressure varying from 70 to 90 Ib through 
the sand reservoir. The air carries a stream of sand 
suspended in it at high velocity through the holes 
in the blow plate into the cavity of the core mold. 
While the air stream continues on to the atmosphere 
through the vents in the box arranged so that air is 
allowed to pass out of the box, sand particles will be 
trapped and rammed automatically by abruptly arrest- 
ing the travel of the sand grains. The practical know- 
ledge of sand blowing is confined to the users of these 
machines in our country, and though the principle 
of blowing is very simple it is not a popular practice 
due to lack of knowledge on the part of foundry en- 
gineers who are more inclined to the old and ortho- 
dox methods and not sincerely interested to the 
modern developments in these lines. 


Mold and Core Drying 


Bogie hearth-type coal or coke-fired furnaces are 
generally used for mold and core drying in Indian 
foundries. Some foundries also have muffle type fur- 
naces for drying of small cores. The temperature of 
these furnaces usually varies from 350 F to 400 F. 
For skin drying of floor molds and the molds which 
cannot be dried in the bogie hearth furnaces due to 
their size and shape, our foundries have to depend 
on sawdust and coal firing and only recently portable 
oil or coke-fired mold driers are used for drying of 
these types of molds. The coke-fired driers are pro- 
vided with blowers and the oil-fired ones are provided 
with burner arrangements. Only recently, some of 
the foundries have installed coke-fired vertical core 
ovens with temperature recorders, etc. for drying of 
small and medium-sized cores. But for drying of 
molds and bigger cores, the bogie hearth type ovens 
are still extensively used. 


Assembling and Closing of Molds 


After the molds are dried, they are brought to the 
closing section for proper core setting, checking the 
correctness of placing of chaplets and cores, the molds 
are closed on trial before final closing. 


Casting and Teeming 


During assembling and closing the molds are placed 
on the floor in such order that these can be cast from 
the teeming ladle without back or forward move- 
ment of the rope-carriage of the casting crane. The 
casting temperature of molten steel varies according 
to the sections and dimensions of the job and in 
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certain important cases the teeming temperature is 
recorded by immersion type pyrometers. 


Stripping, Annealing and Fettling 


After the castings are solidified and cooled down 
to some extent castings are stripped from mold boxes 
and the majority of adhering sands are removed by 
hammering either by ordinary or pneumatic hammers. 
Then the heads, runners, risers and extra metal are 
removed by flame cutting, gouging and sawing. Alier 
these are removed the castings are loaded on a truck 
and sent into the annealing furnace. In our country, 
both coal and oil-fired annealing furnaces are used. 
These annealing furnaces are generally provided with 
temperature recorders for the guidance of the heat 
treatment supervisors. Also the same type of furnaces 
are used for the heat treatment of austenitic Mn-steel 
castings. After annealing the adhering sand particles, 
scale, etc. are removed by shot-blasting. 

After cleaning the castings by shot-blasting they are 
then brought to the dimensions as specified in the 
drawing by grinding over grinding wheels if possible 
or by swing grinder or portable pneumatic grinders 
then chipping. In India, none of the foundries have 
methodical arrangements for fettling (cleaning) of 
the castings. Proper fettling booths are not to be 
found in any foundry. There are, of course, swing 
grinders, floor grinders, chippers, welders, etc. which 
are distinct processes of fettling operations which the 
castings are subjected to but handling of castings from 
one operation to the other is tremendously heavy. It 
is hoped that sooner or later Indian foundries will 
gradually appreciate the value of having proper fett- 
ling booths. 

Inspection 


Apart from inspection at various stages in different 
shops, every foundry has its own Works Inspection 
Department to check quality from the point of knock- 
ing out, after fettling and before shipping. Besides 
these, inspection from Indian Stores Department is 
very, very severe. No casting can be welded, either 
major or minor, unless the inspectors have permitted 
such welding. Our customers are very rigid and even 
a little surface defect will bring forth a frown and 
minor welding is looked upon with suspicion. In our 
under-developed foundries such a strict customer is 
looked upon as a future investment towards greater 
production and better quality. 


Market Conditions 


India with her extensive railway communication 
system covering nearly 44,602 miles of track and with 
200,645 wagons, 12,813 carriages, 7,732. locomotives 
and with a new building program of 6,000 wagons, 
400 carriages and 220 locomotives, the Indian Rail- 
ways are the largest consumer of steel castings in the 
country. Besides the large numbers of cement fac- 
tories consume several thousand tons of Mn-steel cast- 
ings. Sugar mills, agricultural tractor manufacturers, 
ship building yard and other engineering industries 
also require steel castings regularly for their main- 
tenance. 
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The productive capacity of Indian foundries has 
already been given before, which is not adequate to 
meet the country’s demand and the major portion 
of the requirements are still imported from European 
countries. There is therefore, greater scope for not 
only increasing the capacities of existing foundries 
but establishing new units in the country not only 
to meet her ever growing internal demands but also 
to export to her neighboring countries like Burmah, 
Siam and Indonesia, etc. 


Conclusion 


| would like to say a few words about Indian 
foundry workers. As different components of different 
machines have to undergo different manufacturing 
processes and treatment, so also human labor in 
modern foundries has to undergo different process- 
ing or training for different jobs. Labor is very cheap 
in India, but it is very difficult to obtain skilled help. 
This difficulty is however solved by training Indian 
boys in different foundry trades such as molding, core- 
making, pattern making, etc. by individual foundries. 
To obtain increased production introduction of some 
suitable incentives for betterment of the standard of 
living of the workers is necessary. Also to maintain 
good relations between employer and employee and 
in the interest of both parties it is necessary to make 
the workers conscious of the national need for our 
future development by properly educating them. At 
least a few foundries have better co-operation and 
increased production from their workers by follow- 
ing the above principles. 

In conclusion, I must admit that the condition of 
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the Indian steel foundries are far from satisfactory. 
The layouts of most of the existing foundries are ill 
designed. As a result, even the scope of re-orientations 
of these are restricted from the point of view of in- 
creased production from the same floor space by mech- 
anizations and semi-mechanization, improving the 
working conditions, minimizing handling of the ma- 
terials. These difficulties, however can be overcome 
by planning some new model foundries which our 
country needs along with the expansion and modern- 
ization of the existing foundries. Even by remodeling 
the old foundries with correct plan of layouts and 
introduction of latest plants and machinery as far 
as possible we can increase the productive efficiency 
appreciabiy. 

Now after the attainment of freedom of our Coun- 
try, our National Government is doing its utmost for 
rapid industrial development of the country. Ameri- 
can technical aid, both by investment of capital in 
our country and by the services of American experts, 
is playing a very important part in different fields of 
industrial development of our country, such as con- 
struction of river valley projects, developing a big 
factory for production of ferromanganese, construc- 
tion of oil refineries and in every other field of in- 
dustry including rural development. 

Recently, the services of an American foundry ex- 
pert has also been obtained by the Government. We 
hope, after careful study of the position of the Indian 
foundries both commercial and Government-spon- 
sored, this American foundry expert will do much 
for the improvement and expansion of this particular 
branch of industry in our country. 










Introduction 


The object of this paper is to focus the attention of 
foundrymen upon relations between the variables 
and more or less constant physical quantities decisive 
“in groups as new independent variables” for the 
temperature distribution in the cooling metal body 
and therefore for the production of sound castings. 

This paper would have a logical start in a demon- 
stration of. how such a relationship can be deduced, 
but this would divert interest entirely from the object 
stated. 

The equations, being new, cannot be found in 
literature, and something has to be told in their 
favor. For example, before the interface tempera- 
ture in equation 3 begins to fall, the cosine function 
has become very flat and Fourier’s Theorem (the dif- 
ferential equation of heat flow) is nearly fulfilled and 





a,t 
even better with higher values of - 
x2 
The boundary condition used is the heat flow 
l 
w= — .B. 6,, for a surface heat transfer coéffi- 
\rt 
cient , = © changing for , = , into: 
l l 
"= Be Bas 
Va = 
a eee 
\ mra~.t. 


This new boundary condition is the backbone of 
this work and can be deduced by an indirect demon- 
stration. So there is enough sound proof to warrant 
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the introduction of these equations. Using them to 
check the experimental findings of thermal analyses 
will convince the skeptic, utilizing Tables 2 and 3. 


The Equations 
The equation for unidimensional heat flow reads: 
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To use unidimensional heat flow equations for the 


TasBLeE 1—TABLE OF THERMAL Property UNITs 








Symbol Units Factor 

t h Time 

y kg/m? Specific weight 

c cal/kg.°C Specific heat 

r cal./m.°C.h Conductivity 

A °C Pouring temperature 


(above room temperature) 





e oT © Liquidus temperature (above room 
temperature) 
6.—@ 
a= Superheat 
1) 
A 
a= mm/h Temperature Diffusivity 
yc 
b= VycA cal./m*°C.h* Heat Diffusivity 
100 8 % liquid and solidification contrac- 
tion of the casting 
v. ¥, m* Volume of casting or riser 
eo S, m? Surface of casting or riser 


100 ¢ % liquid in riser on the moment 
casting is solid 


q cal/kg Heat of fusion 

B— bibs cal/m*.°C.h* Heat diffusivity of system 1-2 
b,+-by 

w cal/m*.h Heat flow 

a cal/m*.°C.h. Surface heat transfer coefficient 

Bor °C Temperature at center at moment t 





52-19 
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TABLE 2—THERMAL PROPERTIES OF METALS 
Temperature 
Thermal Diffusivity, m*/h 
Spec. Weight x Conductivity, a Heat Susceptibility, Heat of Fusion, 
Temp. Range Near Spec. Heat, cal/m* cal/m°Ch a,=—--—— cal/m*°Ch* cal/kg 
Metal Solidification mX Aa hela by=V ¥1-Cr-Ai qh 
~ Steel Liquid 7200.0.20 ? me 
Steel Solid 7500x0.165 25 0.02 176 
Cast Liquid 6900x0.20 ? 47 C 4.20 
Iron Solid 7100x0.165 25 0.0214 170 54.5 C 2.50 





cooling of metals in molds, even for the most simple 
forms seems to be an unusual proposition but it is 
not. As soon as the cosine function is flat enough to 
Vv 
—— takes the place of X 
S 
in our equations, that can be used for bodies as well. 
This has to be done carefully, Whole surface S 
must represent a “sufficient” mold and therefore we 
see that even during solidification parts of S will no 
longer be “sufficient” but more or less saturated with 
heat (internal thin cores, re-entrant angles). 
V 
So - 
S 
mal surfaces tend to become spheres. 


write S.W.dt=yC; V.d3.:, 


~ tends to become a maximum and isother- 


Equation One 
B2 





In this equation the term (having the dimen- 


Ta” 

sion of time) is the direct result of the temperature 
difference at surface. There are two distinctly dif- 
ferent temperatures at the interface, one for sand 
side and the other for the metal side. To understand 
this phenomenon, producing a temperature discon- 
tinuity and air gap time, the reason is evident, metals 
being non-wetting against sand molds as well as in 
chills. 

If during the start of freezing a diminishes by spon- 
taneous widening of an air gap (e.g. casting against 

B2 


chills) the air gap time ——— becomes greater, the 
Ta 


cooling slackens, the temperature curve flattens and 
the interface temperature (metal side) rises accord- 
ingly. 
B2 
Moreover the term 





tells us that only systems 
ma” 

with the same value for this time can produce the 

same temperature distribution. 


Equation Two 
B2 
If molding material and metals are the same ——— 
ma? 
is constant and this equation involves only the in- 
fluence of: 





l be | a,t aX B? 1 
— and of ie" 
Vr b,+b, X2 Ai Ta" Vr 
be “it a,t 
—— - or only of —— 
b, +b. Xx? X? 
a,t 
Therefore we can treat ——— as the only independ- 
x2 


ent variable: 
(1) during the casting of metals in molds the di- 
a,t 
mensionless quantity ——— tells everything about 
x2 
the temperature distribuiion in the metal body. 
(2) possessing a successful solution for a casting, an 
equally successful solution for a similar casting 


TABLE 3—-THERMAL PROPERTIES OF MOLDS 

















Temperature 
Diffusivity, 
As 
Thermal as Heat Diffusivity 
Temp. Range, Spec. Heat, c, Spec. Weight, y. Conductivity, dg: ls bo= V y2:Co-Ag 

Material Room to °C cal/kg kg/m* cal/m°Ch m?/h cal/m*°Ch* 
Silica sand 1,000 0.27 1,600 0.40 0.00093 13 
dry 50-70 
Linoil core 
sand baked 1,000 0.27 1,500 0.40 0.001 12.6 
50-70 
Synthetic mold 
sand, dry 1,000 0.27 1,600 1.0 0.0023 20.7 
10-70 
Cement sand 1,000 0.27 1,500 0.60 0.0015 15.4 
50-70 
Synthetic mold 
sand, dry 1,000 0.27 1,600 0.60 0.0014 16 
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is at hand by calculating all time quantities keep- 
at 


ing for this quantities in both castings at 





X2 
the same level. 


Equation Three 


This equation follows from Equation 1 and 2 by 
(other factors being constant) making the air gap time 
zero, or making , equal to infinity, neglecting the tem- 
perature difference at surface. 

This equation can be used conveniently to calcu- 

a,t 


late for the moment the interface (metal side 





x2 
and sand side) reaches solidification temperature ® 
as follows: 
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re b,tb, © b,+b, 1 
In —— = In = — — |] 
Bo b, P, b; H+1 
b,+b, 1 1 be J 4rayt 
; —|i= — 
b, H+l mw b,-+be x? 
be f xX? be 
ae + 
b; 4ra,t b,; 
4ra,t (b,-+-b.)? H 4rayt b,+b, 
—_ pane 4+r—_=0 
x2 b, b, H-+1 2 b, 
4ra,t 
With: = ¢é 
X2 
b,+b, 
wT = P 
by 
b,-+-b, H 
. —Co 
bo H+1 
t 2 t ] 








SPACE, TIME, TEMPERATURE RELATIONS DuRING METAL Cas1 





Metals in Sand Molds 


The hyperbola, Fig. 1, being the boundary betweon 
the entirely fluid state and the start of solidification 
at the interface with pouring time zero, we can use 
this same figure to derive certain conclusions about 
the pouring time of castings: 

b,-+-b. H 
(1) for the superheat : = | is the 
be H+1 


- 





lowest limit (or H = 0.1). 
(2) to arrive at progressive solidification in a top 
poured sand mold without denseners or chil!s 
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Fig. 1 


and with H = 12.5 per cent the value of 








a,t 
— es 
X2 
(3) for clean sound castings top pouring with super- 
a,t 
heat and the condition of the cross-hatched 
X2 
field. 


(4) here we have a formula for the pouring time of 
castings depending only on superheat and wall 
thickness. To use it for cast iron a, = 7mm7*/sec, 
X = half wall thickness in mm and t is ex 
pressed in sec. 

(5) using more superheat gives points below the hy- 
perbola and as a consequence more feeding is 
required. 

(6) using superheat at the low side and a quick pour 
is not a reasonable answer (dirty castings). 

(7) superheat and pouring time cooperate in pro- 
ducing superior conditions. 


Solidification 
(a) From Equation 3 we derive for the moment 


Vv 


superheat has disappeared (here using in the 
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place of X): 
1 bs S$? 
© aoe — —— - co 
x  b,+b, v? 
@ l be $ H 
nS SS fsa 
Io w b,+b, ns H+1 


(b) During solidification we have: 


qi 
S . Wdt = yi —— dv 
Cy 


] qi 
S B.@dt = y101 ——4V 
Vat Cy 


] be t. qi 
S | pean 4 4na,t | = (I—e) V 
b,-+-b, t, 0 


























7 
= fluid part 
l be 4 qi H 
_-—- 4qra,t, = (1—e) + —— 
T b,+be Vv? c,8 H+1 
or: 
® ] bs S? qi 
In — = — ——_ ——_,,, | 4v t, (1—e) 
v, . b,-+-b, v2 c,0 


(c) After solidification we have: 


1 be S2 qi 
d=—3,€ — —— - 4qra,t op 
T b,+b, v2 C,® 


a= | Fes V; a ve ] 
b;+b, V 4na,tS? 


(d) The end of solidification is reached for: 


























l bs lrayt, qi H 
, hn Aatacieinanaiin ed -= + — = 0.35 
T b,+b, X2 C,9 H+1 
(c.i. in sand molds 
H ~ 0.11) 
Swtate 
——— ws if 
V x: 


(e) For the proportion pouring time and solidifi- 
caution time we get: 
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(f) By augmenting the superheat this proportion 
can be bettered. A slow hot pour promotes self feed- 
ing. 

Dimensioning Risers and Heads 

Making use of this temperature, time and space 
relation we can deduce an equation for this dimen- 
sioning as has been shown at the International Con- 
gress at Brussels in 1951! by the equation: 

Vz ¥, V. 
= 1—-A - 
Ss. S&S, V; 
See Figs. 2 and 3 








This calculation, slightly changed, is repeated here 
to complete this paper. Writing the equation for the 
end of solidification for the thickest part of the cast- 
ing where a head is to be put on, we have: 


S,4 qi H 
4qra,t = fe 
V2 ¢@ H+1 


i * 


7 b!+-b, 








and for the partly solidified head: 


~~ qi H 
4ra,t = (1—e) + — 
V2 ¢@ H+1 


l bo 


TT b,+b, 











Dividing both equations: 














qi H 
— (I) — 
Va V, c,9 H+1 € 
- . = =l— 
Sn S, qi H c,9 H 
|. ——— 1+ ace 
¢(® H-+l qi H+1 


« being the fluid part of the riser (volume V,) 
100 8 being percentage of fluid and solidification con- 




















traction of the casting we have «eV, = BV, or 
Ve 
= 8 
V, 
Ve 
B 
¥,, V; V, V. 
- : =1— = 1I— A—— 
S, S, ¢(® H V, 
1+ -—— 
q: H+! 
See Ref. 2. 


If the head or riser is insulated (heat susceptibil- 
ity bo!) and the pouring time is not zero but the head 
is filled the pouring time later with metal of the same 
temperature of the mold we get: 








Conclusions 


1. A mathematical treatment, making use of a 
temperature discontinuity at the metal-mold interface, 
gives a temperature distribution very nicely in ac- 
cord with recently published experimental results 
(thermal analyses of Fifield and Schaum, Schwartz 
and Bock, Dunphy and Pellini). 

at 


2. The dimensionless time can be used by 





X2 
foundrymen to calculate pouring time, ingates, risers, 
heads for a casting starting from a successful geo- 
metrically similar one. 
a,t 


3. Using the value for for the start of freez- 





X2 
ing at the interface for a zero pouring time, this 
value is a minimum for the pouring time in the case 
of well distributed top pouring and a maximum in 
the case of bottom pouring of vertical slender picces, 
but mostly can be used with minor changes for both. 
4. End of freezing is found as 


s* b,+be qi H 
tat — = 2 —t 7 
Vv? by ¢(® H+! 
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5. A formula for the dimensioning of risers and 
heads follows from this theory. 
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APPENDIX 
DIMENSIONING RISERS AND FEEDING HEADS 


If the gating system in the production of sound 
castings in any metal is inadequate to pour and feed 
the casting at the same time, risers or feeding heads 
are introduced. Hereby the casting yield is influenced 
and becomes less in most instances. 

It is good foundry practice to design the pouring 
system as long as possible for both purposes, as at- 
tained successfully in many newer solutions (Connor 





block, Winte and Barlow whirlgaie) . Two conditions 
have always to be fulfilled: the pouring time has to 
be correct and the feeding has to be sufficient. By 
this feeding through an ingate or pouring through a 
riser, there are two advantages: firstly a gain in time, 
because the casting is already losing heat during pour- 
ing and in the same time the metal in the feeding 
system is replenished and cooling is postponed; and 
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secondly a gain in temperature, because the mold 
walls of the feeding system are heated up by metal 
filling the mold. 

in practice the mold walls are so dimensioned that 
during casting and solidification no heat from the 
mold is lost to the atmosphere. In thermal respect 
the mold walls are therefore infinite. This circum- 
stance makes it possible to treat the subject mathe- 
matically. As soon as heat is lost to the atmosphere, 
the thermal processes are accelerated. This can be 
expected especially in the case of bigger molds. 

Efficient feeding can be promoted by using the 
metal in the riser to full advantage by correct dimen- 
sioning, insulating or exothermal compounds for ris- 
ers, or chills and denseners in the mold and other 
means. 

We shall treat the simple case that there is a “suff- 
cient” mold (infinite in thermal respect), the whole 
mold filled with metal of the same temperature (the 
pouring time is zero) the metal has no freezing 
range, there are no convection currents in the metal 
and there is no other heat-flow in the casting or in 
the head, then perpendicular to the mold walls. 

All these assumptions do not reduce our case to a 
strictly hypothetical one, without any practical value; 
on the contrary, the solutions make clear, which mea- 
sures can be taken to improve a situation. 

Take e. g. the Williams core: with metal having a 
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Fig. 4—Chworinov’s graph and H.M.F.A. end of freeze 
times. 
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freezing range, the solidifying metal passes through a 
mushy state and can be forced into voids that will 
form inside the casting even at a higher level and 
therefore for this case is imperative, but the atmos- 
pheric pressure improves also the situation if the 
mushy feeding metal has to flow down. 

In expressing the pouring time as a fraction of the 
solidification time, we find for steel, according to 


Chworinov: 
t, = (0.01 — 0.03) ¢, § ‘>= pouring time 
) t. = solidification time 
This formula can only be used for steel in connection 
with its small superheat. For cast iron with 10 per 
cent superheat this formula can be modified into: 
t, = (0.03 — 0.20) 2, 
and with 20 per cent superheat into: 
t, = 0.20 ¢,. 
In this latter case we have to resort to top pouring 
and promote by this slow pouring directional solidifi- 
cation. The requirement of feeding metal for the 
casting will be less than with pouring time zero: as 
the risers and head are filled at the end of pouring 
with the hottest metal, the solidification begins late 
and the largest percentage of feeding metal is pro- 
duced. 

This time lag ¢t,, known as a fraction of the solidi- 
fication time ¢t, of the casting, as well as the use of 
isolating material for riser or head, can be taken into 
account in introducing this time lag and different 
heat susceptibilities b, and b’s, in the fundamental 
equation. 


A Controversy 


In the published literature on heat transfer prob- 
lems is a controversy to the point whether Chworin- 
ov’s claims for the solidification times of castings in 
sand molds are too broad or not. 

This controversy has been given rise by the fact 
that, comparing the results of bleeding tests with the 
curves found by the Heat and Mass Flow Analyser 
Laboratory, a good agreement is found, taking the 
start of freeze curves (see the Reports of the Heat 
transfer Committee of the A.F.S.). 

On comparing the H.M.F.A. end of freeze curves 
with Chworinov’s graph (Fig. 4), there proves to be 
a complete agreement. Taking e. g. Dr. Paschkis’ 
discussion of the paper: “Dimensioning Risers” by 
J. B. Caine (Transactions A.F.S., vol. 56, page 500) , 
we read:— 

“A sphere, 414 in. diameter, has a value of 
volume 
—— = R = 0.75. Its solidification time depend- 
surface 
ing on the temperature is 270-330 seconds, against 
540 seconds according to Chworinov.” 

Now 270-330 seconds is the start of freeze, but ac- 
cording to Dr. Paschkis’ own curves, the end of freeze 
time is 500-600 seconds. 

A slab, 41% in. thick and large enough to have no 
end effects, has a value of R = 4.5. Its solidification 
time is 695-1105 seconds whereas Chworinov gives 324 
minutes. 

Here Dr. Paschkis makes a mistake: the value of 















volume 
of a slab without end effects is half 


4¥%, 


2 

The end of the freeze time found with this value 
in the H.M.F.A. graph is 4200 seconds, the same 
value as found by Chworinov. 

The phenomenon of a difference in start and end 
of freeze is only found in metals with a freezing 
range. If this freezing range becomes narrower, the 
start of freeze time will draw nearer to end of freeze 
time and in the end they will coincide. 

The experimental results of others e. g. of R. W. 
Ruddle (British Non-Ferrous Metals Research As- 
sociation) are also in agreement with Chworinov. 


R= 


surface 


the thickness — = 2.25. 





The Solidification Equation 


In order to have a start, it is necessary to make cer- 
tain assumptions: — 

(a2) The contact temperature between metal and 
mold wall equals the solidification temperature @ 
from the beginning till the end of solidification. 

(6) The heat flow through the mold wall first dis- 
sipates the superheat before solidification starts, so 

, 
a Vi=—re (9, — 6) 
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For the solidification we get:— 
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v2 b, c, 9 


In this form the solidification equation has also 
validity for metals with a freezing range. For metals 
without a freezing range, the formula can easily be 
transformed in an equation for the thickness of the 
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solidified layer. Such a layer does not form in metals 
with a long freezing range. Bleeding these metals is 
impossible. 

Omitting the above mentioned assumptions, start- 
ing only from a “sufficient” sand mold and the super- 
heat:— 


b, + b, 6, + b, H 


3, —- §9>————-s,__ or: . an 





b, b, H+1 
it is possible to demonstrate on a theoretical basis, 
that, taking the cooling of the metal until the wall 
temperature = @ is reached separately into consider- 
ation, this equation has to be changed into:— 


Seni teas b, + b, q: b, LamaS mag) 
| ind b, }¢,8 b+, 


4 it >: H 








b, H+1 


and with a freezing range 6, — 62. we can write down 
the same equation once for @ = 6, and H= H, and 
once for @ = 6. and H = Hg». 

As soon as the mold walls are no longer sufficient 
(infinite in thermal respect) e. g. losing heat to the 
atmosphere, the cooling is accelerated and from that 
moment the equation changes. 

Feeding and Risering 

If a casting (volume V,, surface S,) with a riser or 
feeding head (volume V, and surface S,) is cast in a 
sufficient sand mold (walls infinite in thermal respect 
for the time of solidification) with a pouring time 
zero, the riser must be dimensioned to feed the cast- 
ing. 

In most castings the wall thicknesses are different 

V y,, 
and also ——— differs from the mean value 
S S, 
So we have to seek for a given casting the maxi- 
Vy 





mum value or values and put the risers at these 





Si 
places (Fig. 5). 
Writing the solidification equation for the riser and 
casting at the moment the last metal is setting we 
get:— 


ene, teenth 
v3 b; 


hopes goge SE. 
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(e being the part of the riser metal not solidified 
in the riser but in the casting.) 




















m1 . + th a a ¢ 
S, c, 6 b, +b; b, H+1i c, 6 b, +b, 
. 2. ® 6 by +b, iH 

S, c, 6 6,+ 0b, b, H+1 

V, 

Pe : 

, 14218 rat H 

S, | b, H+1 


At the moment the casting has solidified, all the 
metal in the casting and riser is solid if the riser has 
minimum proportions. 

If g is the percentage of fluid and solidification 
contraction of the metal, the amount of metal that 
during that time has been left in the fluid state in the 


V. 





riser must be: BV, . So BV, = eV, ore = B 
V, 


Substituting this value in the preceding formula, 
we get:— 




































Ve 
Ss, art, 8 Vv, 
we. 14 £18) a H V, 
S, qq \ b, H + 1 
By replacing the different terms as follows:— 
V. 
Ss, 
=Yor= ae 
We zx 
S, 
B et: 
ned Gone H 
11 b, H+1 
V, | 
= X or = —— :.we can write:— 
v. y 
l l A 
‘=1 —A X or =1 —A —— or x=] 4+ ———_-. 
x y y—A 


This equation represents the theoretically deter- 
mined boundary between shrinkage and solidity in 
the casting, when pouring time is zero and the cast- 
ing and riser are in the same way surrounded by 
molding material. 

In the official Exchange Paper of the A.F.S. to the 
French Foundrymen’s Society (Paris 1948),* J. B. 
Caine published an experimentally determined curve 
from Research Report 13 (1947) Steel Founders So- 
ciety of America, 





A 
Instead of our curve: x = 1 + —————, Caine 
y—A 
deduced by logic reasoning a curve: 
a 
x=1+4+ —. 
y-~—6 


With the values a = b = A = 9.09 we get a per- 
fect agreement between our curve and the value of the 
experimentally determined boundary (Fig. 6). 

So Caine’s hyperbola is reduced to a straight line 
(Fig. 2). 

The Value of A 


From published literature we have to find the 
value of 


B 
A= ss 


C10 =) H 








1+ 
b, 


q1 
(Fig. 3, Tables 2, 3 and 4). 
From: “Volume changes of Cast Iron,” by Saeger & 
Ash (TRANsactions, A.F.A. 1932) and other sources 
we deduce for metal in sand molds values in Table 4. 
From Fig. 6 we know that the boundary between 
shrinkage and solidity for steel is found with a value 
A = 0.09. Knowing that even with atmospheric riser- 
* See TRANsAcTions, A.F.S., vol. 57, pp. 66-75 (1949). 


H+1 























98 
>|>" 
u 
' 
if . 
| 3 
818 4 
~ pea 3 
4° 
ie § 
22 & 
G 
a 
) a < 
S| 
> 
g 4 46 18 439 10 18 hp 10 18 20 21 22 23 24 25 
2 Surface area of casting s, 
. "Volume of casting _V- 
" x = Freezing ratio ee See = v. 
b Surface area of riser s. 
Volume of riser v, 
Formula: x = : — << § 
For : —- 
Steel: x = ————__ + 1 
y — 0.09 
.067 
Low carbon cast iron: x = —"O? __. 
y — 0.067 
0.033 
Ordinary cast iron: x = ———___ 5. ] 
y — 0.033 
Fig. 6 


ing it will be impossible to drain the last drop of, 
mostly, semi-fluid metal from a riser a safety factor of 
50 per cent is acceptable, the more so, as for cast iron 
the solidification shrinkage or -expansion also de- 
pends upon the cooling rate. 












































TABLE 4 
A (theo- A (in 
Material Formula retica!ly) practice 
« i 0.06 4+ 0.25H 
om SS a 0.09 
1448 
H+ 1 
Low Carbon 0.03 + 0.15 H 
low Silic.n H — 0.04 0.06 
cast iron 145 
H+ 1 = 
Rank heii 0.02 + 0.15 H 
high Silicon H —~ 0.025 0.04 
cast iron 145 
H +1 
0.003 + 0.15 H Per 
Gaatnery eae a 0.02 
cast iron H 
145 a 
H+ 1 
—0.01 + 0.15 H 
Soft Hematite H —~ 0.005 0.01 
cast iron 14 
H+1 
Solving Our Equztion 
Vv. OV V, 
The equation -=l1—A contains 
‘ S, V, 


the factors V, and S, as unknown quantities. 
We have to construct our risers or heads in such a 
V, 





way. that becomes a maximum. 
Se: 
To obtain this maximum, height and width of the 
riser must be the same. The easiest way to solution 
y, 


is by expressing and V, both in R,. 
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If a riser or feeding head touches a casting in ove 
plane, the dimension of heat flow is 1.5 when ths 
plane has the whole length of the casting and is 2 5 
if this is not the case and width, height and leng:1 
are equal. 

Example: Calculate a feeding head for a plaie 
2R X H X L dimension of head: 2* . 2* . L (see Fi. 


7). 

















ee ois aig,” 

% & V, 

28n 48.» 2RH 

2H § 6X 4X2 
3 9 A 


X mR = aah? + == RH 
4 16 2 





—  R+R recta tt 
4 4 9 R 


For low carbon, low silicon cast iron the value of 
8 



































we ff 
9 
TABLE 5 
H Vv. 
aa xX V, V.=2RH Yield = — 
ee ee Ve+\ 
1,000 6.1 R 148 R? ~ 2,000 R? 93.5% 
500 4.55 R 82 R? 1,000 R? 93% 
100 26 R 27 R* 200 R? 88.5 °% 
50 215R 19 R? 100 R? 84 9% 
10 1.7 R 12 R® 20 R* 63% 
5 1.58 R 10 R? 10 R* 50 % 
-\ - 
2x { 
2x 
L 
a 
2Fz 
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By winding this plate around a vertical axis, we get a 
liner or cylinder. 





Promoting Efficiency 


\s the cooling curve of a metal in a mold (bg and 
H constant) solely depends on the dimensionless 
S2 


a.t , it is clear that linear wall thickness has noth- 





V2 

ing to do with feeding requirements. We often find in 
literature a steeper temperature gradient predicted for 
small wall thicknesses and in consequence better feed- 
ing properties. With small wall thicknesses it becomes 
however soon impossible to feed a casting properly 
over a certain distance: the feeding metal cannot run 
down along the large surfaces in the available short 
time in narrow channels, normal feeding is impossible 
and tapering has to be used to prevent centerline 
porosity. In metals with easy feeding properties, for 
instance ordinary cast iron, saleable castings, even 
with larger uniform wall thicknesses, e. g. when the 
castings are flat pieces, are produced without risers. 
In the cast iron foundry the pouring system goes a 
long way to dispense with risers and heads, especially 
when the sprue, cup or pouring basin can be used as 
a riser. 

Top pouring with a pouring time ¢, and solidifica- 
tion time of the casting t, changes our equation in- 











to:— 
V, 
S 
v, v, 
S, 


If in connection herewith the riser or head is in- 
sulated (heat susceptibility of the insulating material 
b’,) the formula changes into:— 


V, 








Pouring through a riser (riser used as a pouring 
cup) makes the equation change into:-— 








V, 

etwas 
v, v, 
S, 


When pouring through an insulated riser, which is 
also used as a pouring cup, the equation changes in- 
to:— 
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V V. 
— in this case — 
Sn Ss. 
Ve V, Ve 
ame 2 oe oF ae A aw 
oe V. 

2R, Vv. 
h:—x=-I1-—A 

5 2”7R, 

Fig. 8 
Example: Calculate the feeding head for the same 


plate, dimensions 2 R & H & L, dimensions of the 
head 2X . 2X .L. The plate is poured at the top in 
a time ¢,. The feeding head is surrounded by insul- 
ating material with a heat susceptibility b’, 











Vv, 

. ns = (1-4 ve) 
. «& Vv, 
S, 








3 RH 














0.76 R—— =1—A —— 
2X 2 X? 
| 3 H 
X = 0.57 R + 0.57 R Vit a A 
2 R 
3 
For a low carbon, low silicon cast iron ———A = 0.09. 
2 
TABLE 6 
H e 
— xX V.=4xX? V.=2RH Yield = 
R V.+V; 
1,000 6 R 144 R’ 2,000 R* 93.5 % 
500 45R 81 R? 1,000 R* 93 % 
100 24R 23 Rt 200 R? 9 % 
50 .: 2 16 R* 100 R* 86 Y% 
10 14R 8 R* 20 R* 71% 


5.8 R* 10 R? 
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4 bs 
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The temperature difference in the direction of heat 
flow of a solidifying casting being very small, a con- 
dition aggravated by grain growth at random in the 
liquid (in the case of low carbon cast iron if still 50 
per cent of the metal is fluid, pouring out ceases com- 
pletely) conditions must be improved by a thermal 
gradient in the direction of feeding by every con- 
ceivable technical means. 

If we put a big riser or head on a slender piece (e. 
g. cylinder or plate) of this cast iron, half of this 
solidification shrinkage escapes from feeding “per se”’ 
and more if the slenderness purpasses a certain value 
(for parallel walls 1:4 for cast steel) and a smaller 
head performs the same job, if calculated for the part 
it can feed maximally. 

Incorporating half the solidification shrinkage in 
our calculation of course is impossible for the riser 
metal is in the same condition, but we see clearly 
that computing the riser dimensions is only the whole 
story for chunky castings and normally only part of 
the story. 

In normal production, things are much more com- 
plicated and the question is not wholly answered by: 
the riser is big enough to feed this casting. 

That in the cast iron field it is possible very often 
to get sound castings without heads or risers, proves 
the ingenuity of this old trade, but was helped in the 
past by the solidification expansion of charcoal pig 
and now with our low carbon mixtures probably by 
the undercooling associated with superheat. 


Conclusions 
1. For the same superheat, mold and metal, Chwor- 
inov’s claims are in accord with the end of freeze 
times of the “Heat and Mass Flow Analyzer Labora- 
tory.” 
2. Superheat is of paramount importance on start 
of freeze time, and in a lesser degree on end of freeze 


od 
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times and feeding. 


§. Risers and heads can be calculated mathem,- 


tically somewhat simpler as with Caine’s equation by: 
A a V. 
-—- = 1— A 
s. S, V, 
4. For the relation volume of casting divided by 
surface of casting has to be taken the maximum value 
V, 











and the riser or head has to be put on that place. 
Sn 

5. If feeding proceeds as anticipated depends large- 
ly upon the hydrodynamics of the case (ferrostatix 
and atmospheric pressure, time available and distance 
to flow), the thermal gradient in the direction of flow 
and the influence of this gradient on fluidity. 

6. In metals with a solidification range, freezing 
proceeds through the whole mass simultaneously, ob- 
struction at least part of the feeding. 

7. It is of little use to calculate riser or head for a 
whole casting that only partly can be fed. The prin- 
ciples of how to feed a casting first have to be solved. 

8. It is good practice to dispense with risers and 
heads as long as possible: wall thicknesses, height and 
kind of metal and mold being the limiting factors. 
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NEW PROCESS FOR NODULAR IRON PRODUCTION 


AT LOW TREATMENT COST 


Carlo Longaretti* and Mario Noris** 


Cost of magnesium treatment is still the most 
important obstacle to wide production of nodular 
graphite cast iron. The present paper shows what 
was done for making possible the nodulizing treat- 
ment with direct use of pure magnesium or high 
magnesium alloys. We consider that we have gained 
an economic solution to this problem. More than a 
year of continuous industrial production confirms 
the possibility of getting safe and constant results 
with pure magnesium treatment. 

Magnesium contents necessary for complete nodul- 
ization of a common gray iron are in the range 0.04— 
0.08 per cent, relatively low. Due to violent reaction 
taking place by magnesium introduction in a cast iron 
bath, it is necessary to use alloys with magnesium con- 
tent under 50 per cent. Of common use are alloys 
with magnesium contents about 20 per cent. 

Melting point of pure magnesium is 657C (1215F) 
and its boiling point is 1102C (1835F). Above this 
temperature the vapor pressure of magnesium in- 
creases rapidly, according to results from a diagram 
of Eucken, Hartmann and Schneider, reported by 
E. Piwowarsky (Fig. 1). 

At mean temperatures of a gray iron submitted to 
nodulizing treatment, magnesium vapor pressure has 
remarkable range of 2.5 to 8 atmospheres. This is the 
reason violent reactions of explosive character occur 
when lumps of pure magnesium or magnesium-rich 
alloy are submerged in the iron bath. Immersion 
trials of pure magnesium in cast iron melts are re- 
ported in the technical literature; in every instance 
magnesium recovery was very low, from 2 to 8 per 
cent, and inconstant. Hence this treatment was not 
suitable for industrial application. Only low magne- 
sium alloys then were in use in the foundries, in the 
form of binary and ternary alloys. At present those 
mainly used are alloys of nickel-magnesium, copper- 


*Istituto Siderugico “Finsider” and ** Fonderie Ansaldo, 
Genoa. Italy. 

Official exchange paper of the Foundry Center of Associazione 
Italiana de Metallurgia to the American Foundrymen’s Society 
presented at the International Foundry Congress, May 4, 1952 
in Atlantic City, N. J. 
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Fig. 1—Relation between temperature and magnesium 
vapor pressure. 


magnesium, copper-silicon-magnesium, nickel-silicon- 
magnesium and ferrosilicon-magnesium, with magne- 
sium contents about 8-20 per cent. 

Magnesium recovery with these alloys was good. 
For instance, nickel-magnesium 80/20 alloy has a 50 
per cent recovery when used for treating an iron melt 
at 1350C (2465F). This temperature, as other tem- 
peratures mentioned in this paper, were read with an 
optical pyrometer, without correction. 

After about three years of experience in nodular 
iron production and study, the authors feel that low 
magnesium alloys are the safest alloys to introduce in 
cast iron melts, but their use presents many draw- 
backs. 


Drawbacks of Low Mg Alloys Treatment 


Inconveniences encountered in treating cast iron 
melts with low maenesium alloys can be summarized 
as follows: 


1. Undesirable alloy elements introduced in the iron 
melt: If we treat, for instance, a cast iron with 0.1 
per cent S, 0.075 per cent nodulizing magnesium plus 
0.075 per cent desulphurizing magnesium, 0.15 per 
cent total Mg, should effectively pass in the melt. 

Using Ni-Mg 80/20 alloy, having 50 per cent Mg 
recovery, 0.3 per cent Mg should be added; that is, 
1.5 per cent of Ni-Mg alloy. We thus get in the cast- 

















102 





ings a nickel content of about 1.2 per cent. 

Using Cu-Mg 80/20 alloy, having 30 per cent recov- 
ery, we should add 2.5 per cent of the alloy and we get 
a final content of 2 per cent Cu in treated cast iron. 


2. Temperature drop of treated me/ts Foreign elements 
introduced in a .cast iron melt with low magnesium 
alloys are an economic disadvantage, but they are also 
the cause of temperature drop of treated melt. With 
sulphur contents about 0.10 per cent and with 20 
per cent Mg alloys, temperature drops are of the order 
of some 10C or 50F with maximum figures experi- 
mentally controlled up 80C (175F). 

Temperature drop following low-magnesium alloys 
treatment makes it necessary to treat iron melts at 
temperatures much higher than temperatures desired 
for pouring in molds. In this manner increasing per- 
centages of magnesium alloy additions mean treat- 
ment at higher temperatures and of course, lower 
recoveries. 

3. Pure cast irons are required: From the above listed 
drawbacks appears the necessity of submitting to 
nodulizing treatment only cast iron melts with sul- 
phur and oxides contents as low as possible. These 
iron melts must be further delivered at high temper- 
atures. 

Having to treat small iron ladles, from 10 Ib to 
hundreds of pounds, temperature must be regarded as 
very important. As a matter of fact, if sulphur is not 
low, e.g. above 0.08—0.1 per cent, using low magnesium 
alloys, cupola iron results often are not suitable for 
the treatment. Other furnaces should then be re- 
quired, where melting is more expensive. 


4. Only scme iron quality is suitab’e to become fully 
nodu’ar: As reported from technical literature and 
often confirmed in our own trials, only a few iron 
mixtures appear to become perfectly nodular if 
treated with due quantity of low magnesium alloy. it 
was found that when in a mixture we change only the 
quality of pig iron and maintain constant the C, Si, 
Mn, S and P, magnesium treatment results are differ- 
ent, referring to quantity of nodules in treated iron. 


5. High preduction cos‘s: Due to the previously men- 
tioned drawbacks, production cost of nodular iron 
with low magnesium alloys treatment is high. This 
item can be unimportant when producing small or 
complicated castings, for which molding and other 
foundry operations are the biggest factors of total pro- 
duction cost; but it is clear that a high treatment cost 
for large quantities of castings can be so important 
as to prevent nodular cast iron from having a compet- 
itive position against malleable and steel castings. 


Use of Pure and High Magnesium Alloys 


From the foregoing considerations it can be con- 
cluded that an ideal solution of the problem should 
be the use of pure magnesium or high magnesium 
alloys, if that use could be accompanied by a high 
magnesium recovery and a safe treatment. Particular 
attention should be paid to prevent explosions or iron 
emissions out of the ladle. 

This problem has been studied jointly by the Isti- 
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tuto Siderurgico Finsider and Ansaldo Foundrics 
during the first months of 1951 and today it can he 
considered solved, although further improvements a 
possible. On the basis of the experimental work, ¢ 
was then possible since spring of 1951 to do all dai., 
nodular iron production using only pure magnesiuin 
or alloys of the “elektron” type. 

The explosive effect obtained by introducing and 
also by simply putting the pure magnesium lumps 
into the iron melt, is due to the rapid formation of 
magnesium vapors at relatively high pressure. When 
plunged in the bath magnesium lumps act like an 
exploding body with liquid cast iron emissions froin 
the ladle. When magnesium lumps are put on the 
bath surface we get in the same way a quick powertul 
magnesium vapor development, without liquid iron 
emission, but with very big flames due to oxidation of 
magnesium vapors. 

The problem was to find a way to control the form 
ation and development of magnesium vapor in such 
a manner that we could get a controlling bubbling of 
magnesium vapors through liquid iron. In other 
words, our scope was to let magnesium vapors pass 
through the melt like the air in a converter. 

The production of magnesium vapors with a special 
generator outside of the melt and the following intro- 
duction of these vapors through the melt presented 
difficult problems. It was then thought to produce 
magnesium vapors within the melt under treatment in 
the ladle, using latent heat of the melt itself. 


Treatment With Magnesium Vapors 


First trials to get bubbling magnesium vapors 
within the cast iron melt contained in the ladle were 
done with special porous compacts constituted ol 
small sized pure magnesium and inert material, 
bonded in a suitable manner and dried with care. 
Pure magnesium was in the form of chips produced 
by rough turning. 

Inert material should possess good thermal conduc- 
tivity, not react with magnesium at high temperature, 





Fig. 2—Compact of magnesium and graphite. 
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be refractory and have a thermal capacity as low as 
possible to prevent considerable heat abstraction from 
the melt. Graphite was used from crushed electrodes, 
which was found suitable, 

Characteristics of bonding agent should be: no 
reaction with magnesium, good strength in the com- 
pact without sacrificing permeability, and to prevent 
compact breaking during immersion. Ethyl silicate, 
as well as sodium silicate, was successfully applied. 

The compact slightly pressed in a core box, was 
dried in an oven like a common foundry core. Usual 
form of the compacts is shown in Fig. 2. 

There were some cylindrical holes in the compact. 
One of them was used to insert the extremity of a steel 
bar for maintaining the compact under the surface cf 
liquid iron in the ladle. Other holes were useful for 
a better development of magnesium vapors. 

Experiments were made with compacts containing 
various magnesium chip contents. Trials in that way 
gave interesting information toward final solution. 

Ladles containing cupola iron were treated with 
compacts of graphite-magnesium in the volumetric 
proportion 50/50. These compacts when plunged in 
gave a regular continuous development of magnesium 
vapors, lasting from 60 to 120 seconds. All iron in the 
ladle received a strong boiling action by magnesium 
vapors but only small flames were on top of the ladle. 

By chemical analysis of the melt before and after 
treatment, it was ascertained that magnesium from 
compact was passed in the melt with about 60 per cent 
recovery. 

An exhausted compact after the above treatment, 
still retained its original form. Examination of the 
compact after fracturing it at room temperature, re- 
vealed that throughout the entire compact pores were 
found where previously magnesium chips had been 
present, the magnesium chips having been entirely 
vaporized during immersion. 

No significant results were obtained in the trials 
about temperature, because the quantity of iron in 
the ladle was too small and the time allowed for 
development of magnesium vapors was relatively long. 

On the other hand, one important observation was 
made, which later proved to be essential, namely, that 
with a porous mass even though the magnesium con- 
tent in it was very high, magnesium vapors did not 
develop either too rapidly or become explosive. The 
last step was attained when the porous compact of 
pure magnesium was made, using no diluent or bond- 
ing agent. These magnesium chip compacts were 
submerged in the melt, using a plunger of such form 
as to assure safe holding of the porous mass up to its 
complete consumption. 

The plungers usually used are made with welded 
steel sheet, bored throughout, and painted with a re- 
fractory wash. They last for about 20 treatments. 


Trial Results With Magnesium Compacts 
First trials using porous magnesium compacts gave 
the following results: 
1. Treating many ladles in which iron was at the 
same temperature, magnesium recovery was practic- 
ally constant. 
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2. When treatment temperature is varied, magne- 
sium recovery varies from 25 to 35 per cent. 

3. Magnesium vapor development lasted from 20 
to 50 seconds. There was a rather big flame on the 
ladle top, but no liquid iron projection took place. A 
shield was sufficient to give safe protection against 
flames. 

4. No temperature drop was discerned after treat- 
ment. 

Trial results were very promising and allowed con- 
version of the entire nodular production of our found- 
ry from the low magnesium alloys process to a new 
pure magnesium process. 

A steel hood with fume-exhausting duct was pro 
vided. Under this hood the ladles to be treated are 
placed. The plunger with porous magnesium charge 
is operated with lifting devices controlled from the 
outside of the hood. 


Results Obtained with New Process 


Characteristics of the process for nodular iron pro- 
duction with the use of magnesium chips are as fol- 
lows: 

1. Magnesium recovery: Essential factors governing 
recovery figures are: 

a. Size of magnesium chips or particles used for 

charging the plunger. 

b. Treatment temperature. 

c. Height of liquid cast iron over submerged 

plunger. 

In order to obtain good uniform results the pro- 
duction of nodular iron with pure magnesium treat- 
ment must be standardized in operational phases and 
in equipment. 

At the Ansaldo Foundry cast iron from electric arc 
or graphite resistor furnace is treated in ladles con- 
taining from 500 to 5000 lb of metal. The ladles were 
treated under protecting hood at standard tempera- 
ture. Standard temperature is changed only when 
particular characteristics of the casting to be poured 
require it. 

Under usual working conditions, magnesium recov- 
ery ranges from a minimum of 25 per cent up to 35 
per cent, with reference respectively to higher and 
lower treatment temperatures. 


2. Inoculation with ferrosilicon: Graphitizing inocu- 
lation can be made at the same time as magnesium 
treatment, providing the required quantity (75 per 
cent) ferrosilicon is put into the magnesium charge 
in the plunger. The percentage of inoculant varies 
with the desired characteristics of the castings, but 
usually it is about 0.6 per cent. The size of ferrosili- 
con is 0.25 to 0.5 inch. Using these sizes, the effects 
of simultaneous inoculation were found to be equi- 
valent to those of an inoculation following magnesium 
treatment. 

3. Temperature drop: On cast iron melts treated 
with a plunger containing the entire charge of mag- 
nesium chips and inoculant, no noticeable tempera- 
ture drop was discerned. On the contrary, sometimes 
temperatures increased slightly (5-10C) after treat- 


ment. 
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It is possible to treat cast iron melts at temperatures 
below 1300C or 2375F (read with optical pryometer) 
with the advantage of better magnesium recoveries. 

4. Treatment safety and uniform. y: The usual mix- 
ture used at Ansaldo Foundries for the electric fur- 
naces employed to provide cast iron for nodulizing 
treatment, is the following: 


ke eer or Tre 55 per cent 
Nodular returms .......... 30 per cent 
Mild steel scrap ........... 15 per cent 


When best mechanical properties are required, we 
take care to get melts with about the following chemi- 
cal composition: 


cy rr ee 3.3 per cent 
MON raha ce hes a ls wel bektare bus 2.0 per cent 
OND oo cnrcan canes wae 0.3 per cent 
ee er 0.06 per cent 
0 errr Tere = 0.03 per cent 


Using low magnesium alloys for treatment, which 
was Ansaldo’s practice until a year ago, results were 
strongly affected by quality and composition of the 
pig. Although apparent chemical identity was present, 
at least for the elements which are usually determined 
by analysis, only a few pig irons which were used 
produced perfect nodular structures, It was common 
to talk in terms of per cent of nodules obtained in 
treated irons. Some pig irons, as for example a Swedish 
and a Russian pig iron which were in our inventory, 
gave mixtures unsuitable to nodulizing treatment. 

With the new treatment process every pig iron 
quality of our stocks is successfully treated and when 
treated under standard conditions, graphite structure 
is always 100 per cent nodular. A year of systematic 
metallographic control confirms these results: 98 per 
cent of treated melts became fully nodular. The reason 
for this is not yet explained and studies are in process. 

Consequently the present production of electric 
furnace cast iron shows a constant and equal nodu- 
lizing of cast iron. In the ordinary cupola we can 
regularly and successfully obtain cast irons which cor- 
respond to Meehanite GC and GD, and also special 
acicular and austenitic cast irons. In any case, the 
magnesium must be added if satisfactory results are 
to be obtained. 

5. Production Costs 

Good savings are effected with this process, because 
no expensive foreign elements occur in the treatment. 
Treated cast iron presents a chemical composition 
nominally equivalent to composition before treat- 
ment, except for sulphur and magnesium. 

A practical example will show in more comprehen- 
sive terms savings which are possible using pure mag- 
nesium process instead of the low magnesium alloys 
process. 

Referring to the beforementioned case, we have to 
treat a cast iron melt with 0.1 per cent sulphur using 
pure magnesium or copper or nickel alloys with 20 
per cent Mg. With this sulphur content 0.15 per cent 
Mg should be effectively introduced to the bath. For 
the three cases additions will be as in Table 1. 

For a comparative treatment analysis we can omit 
FeSi inoculation cost because it is constant by the 
various processes. 
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Treating with pure magnesium there are major 
costs due to installation of the protection hood, .o 
plungers consumption and to magnesium preparatio 1. 
As average figures the three terms given in Table | 
have a 1000/ton incidence on nodular iron produce |. 

For the case under consideration and with nick«|- 
magnesium alloy at official price, treatment costs cia 
be summarized in Table 2. 

On a cupola iron, for instance, available in liquid 
state at 75.000 lire/ton, and treated with 20 per ceit 
magnesium alloys or with pure magnesium treatme:t 
costs will have on liquid treated iron cost an inciden<e 
as reported in Table 3. 


6. Mechanical Properties of nodular cast iron pro- 
duced with this process are equivalent to properties 


TABLE ]—-ApbDITION ALLOYS 





% % Mg % Alloy % Foreign 
Alloy Recovery Addition Addition Elements 
Ni-Mg 80/20 50 — Se ee “Meow 
Cu-Mg 80/20 30 0.5 2.5 Cu —2 
Magnesium 25 0.6 0.6 — 





TABLE 2—TREATMENT Costs 





Treatment 


Alloy Cost, Extra Costs, Additions, Cost, 

Alloy Lire/Kg Lire /ton Kg/ton Lire/ton 
Ni-Mg 80/20 1000 ant 15 15.000 
Cu-Mg 80/20 1000 — 25 25.000 
Magnesium 400 1000 6 3.400 











TABLE 3—MaAJor TREATMENT Costs IN PER CENT 
Treated 
Treatment Liquid Major Cost, 
Alloy Cost, Iron Cost, per cent 
Lire/ton Lire/ton 
Ni-Mg 80/20 15.000 90.000 =—20 
Cu-Mg 80/20 25.000 100.000 33.3 
Magnesium 3.400 78.400 4.55 





TABLE 4—MINIMUM GUARANTEED MECHANICAL 
PROPERTIES FOR THE NODULAR CAsT IRON 
Types OF NORMAL PRODUCTION 
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Fig. 5—Nodular cast iron of NP type. Pearlitic structure. Fig. 6—Nodular cest iron of NPF type. Ferritic-pearlitic 
2% Nital etch. Mag. 300x. structure. 2% Nital etch. Mag. 300x. 





Fig. 7—Nodular cast iron of NFR 10 type, annealed, ob- Fig. 8—Nodular cast iron of NFR 15 type, annealed. 2% 
served in polarized light. Around the nodules there is a Nital etch. 300x. 

crown of temper carbon deposited during annealing. 2% 

Nital etch. Mag. 300x. 
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of nodular iron produced with low magnesium alloys 
treatment, 

It must be noted, however, that the absence of 
undesirable elements such as Cu and Ni, results in 
structures desired for metallic matrix of castings. 

Common nodular irons produced at Ansaldo Found- 
ries are of four different types, varying in mechanical 
properties and in metallographic structure. Table 4 
reports main characteristics of these irons, Properties 
shown are minimum properties guaranteed in test 
bars machined from cast-on bars. Usually, however, 
mechanical property figures result in testing remark- 
ably higher than guaranteed minimums. 

Impact figures refer to notched Mesnager bar tested 
in a Charpy impact test machine. (UNI Tab. 565 = 
ASTM — E23 — 47T). 

Obtaining mechanical properties corresponding to 
the four nodular iron types of Table 4, depends 
mainly on chemical composition of treated iron. In 
particular, type NFR 15 is easily obtained only when 
phosphorus and manganese contents are very low 
(under 0.1 per cent and 0.4 per cent, respectively) . 
When these elements are higher than the above men- 
tioned figures, in annealed castings we get character- 
istics corresponding to NFR 10 type. 


7. Production Control 

There are three phases of nodular iron production 
control. 

a. Immediate control: In the melting shop before 
tapping the furnaces, chemical composition of cast 
iron is controlled, particularly with reference to sili- 
con and carbon content, with a chill test as reported 
in Fig. 3. Eventual corrections are made in the fur- 
nace after chill test observation in such a way as to 
get the desired characteristics in tapped metal. 

Following the magnesium treatment a new chill 
test specimen is immediately poured. The specimen 
after chill testing, is fractured and the fracture is 
examined and interpreted. 


(1) For fracture color, which if treatment is suc- 
cessful, will be bright and brilliant; 

(2) For fracture conformation, varying from NP 
to NPF type. Fracture of NPF type is markedly con- 
choidal. 

(3) For chill depth to ascertain that the charac- 
teristics of the iron are suitable for the mean section 
of the castings to be poured. 

(4) Shrinkage trend. The shrink formed in the 
chill test, which appears on the fractured section as 
a dark spot, is a good indication of the shrinkage trend 
in the treated iron. This nodular iron chill test 
further indicates two depressed zones symmetrically 
located on major surfaces resulting from atmospheric 
pressure during solidification, 

In Fig. 4 examples are given of chill tests: at the 
left untreated cast iron; at the center NP nodular 
cast iron, and at the right NPF nodular cast iron. 

b. Metallographic and chemical control: Structural 
characteristics of nodular iron are inspected and con- 
trolled as routine work in the metallographic labora- 
tory. At Istituto Siderurgico Finsider research is being 
done in the field of heat treatment and studies are 
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Fig. 11—Clutch plate, railway axle sleeve and high 
pressure valve body. 


Fig. 13—-Railway axle sleeves. 
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Fig. 14—-Charging of an annealing furnace. 


being made of nodular graphite formation and growth. 

In these studies, improved methods for metallo- 
graphic observation are widely used, based upon speci- 
men coloring with heat oxidation. 

Characteristic structures of normal production 
nodular iron are shown in Figs, 5, 6, 7 and 8. 

In this control phase chemical analyses are in- 
cluded. Magnesium content in castings is also chemi- 
cally controlled. 

c. Mechanical properties control: Control of mech- 
anical properties of castings is usually done on test 
bars machined from cast-on bars poured with the 
castings. Special care is taken in positioning and 
risering these appendices to get them entirely sound. 
Only exceptional test specimens are machined from 
keel blocks poured separately from the castings. 


8. Applications: Production of the nodular cast 
iron department of Ansaldo Foundry consists of small 
and medium castings, but when required, castings 
up to about 2 tons were successfully produced. 

Nodular cast iron is largely used in substitution 
of castings, which formerly were made of steel, and 
these castings are, at present, the major part of our 
production. 

In Fig. 9 are some tractor gear covers, and in Fig. 10, 
clutch rings. The casting at the left in Fig. 11 is a 
clutch plate for tractors, in the center there is a rail- 
way axle sleeve, and at the right a high pressure valve 
body. 

Two other types of railway axle sleeve are shown in 
Figs. 12 and 13. Figure 14 shows an annealing box 
of axle covers, during its charging in one of the elec- 
tric annealing furnaces. 
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Experimental production of nodular iron ingot 
molds began some months ago. Fig. 15 is a nodular 
iron slab mold fer l-ton slabs. This type of ingot mold 
is now being used in steel work and the results appear 
to be promising. 

The new process using pure magnesium, due to 
its low treatment cost, will undoubtedly find large 
application in the production of nodular iron ingot 
molds, if trial run results confirm superiority of nodu- 
lar iron in ingot mold application. 
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A. P. GaGnenin:* Dr. Longaretti and Dr. Noris are to be 
congratulated for their work in connection with developing a 
method for the direct addition of magnesium to molten iron. 
rhe Inco-Mond patents, which are based on the discovery that 
spheroidal graphite can be produced in gray cast iron by the 
introduction and retention cf magnesium in the iron, make it 
clear that magnesium can be introduced into molten iron either 
in elemental or alloyed form and that it is not necessary to in 
troduce the magnesium in the form of any particular alloy as 
has been sometimes believed by others. 


‘ The International Nickel Co., Inc., New York 





Fig. 15—-Nodular iron slab mold. 
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We have recognized that there is room for improvement in 
the methods of adding magnesium and developments in this 
direction will reduce the process ccst and obviate the introduc- 
tion of alloying elements which sometimes might not be re- 
quired. Our attention has been drawn to an abstract of Italian 
Patent No. 457,374 which proposes the use of iron and steel con- 
tainers having calibrated holes and filled with magnesium 
particles which are then plunged into the molten iron. If the 
authors are familiar with this patent, they might wish to com- 
ment on it in relation to their own work since the methods 
appear to resemble each other. 

We have a few questions that we would like to direct to the 
authors. What size ladles do the authors prefer to treat with 
their methcd? What is the maximum size that can be treated? 
Can they tell us how the magnesium recovery varies with the 
temperature of the molten iron? For example, what magnesium 
recovery is achieved at 2800 F (about 1540 C), 2700 F (about 
1480 C) and 2600 F (about 1430 C)? 

Messrs, LONGARETTI AND Noris (Written Reply to Mr. Gagne- 
bin): In this paper we made no reference to patent questions. 
We are not familiar with the details of the patent Mr. Gagnebin 
refers to. We are certain that the precess described in this paper 
is at the present time the only one used successfully on an indus- 
trial scale. 

We have no preference as to the size of ladles to use for the 
treatment with our method. We commonly use 700-lb capacity 
ladles, but ladles of some tons capacity have been used in this 
treatment. 

We find in the American literature cast iron temperatures 
as high as 1450-1550 C (2640-2820 F). We think the temperature 


readings in American practice are usually considerably high: 
than the European readings. This is probably due to the fa 
that we record the temperatures just as we read them with the 
optical pyrometer, without correction. In every case in tl 
temperature rangé where we treat a cast iron melt to get 
nodular, the magnesium recovery varies from 20 to 30 per cen 
Owing to the absence of a temperature drop due to the trea 
ment, our temperature range is between 1340 and 1300 C (2445 
and 2375 F). 

In answer to a question on the difficulty to see chill in nodula: 
iron chill tests, in the chill test samples shown in Fig. 4, it is 
difficult to see on the fracture a clear difference between th 
chilled and nen-chilled parts. That depends only on the photo 
graphic reproduction; when observed by eye the chill depth i; 
very easy to control. 

In answer to the question regarding the percentage of reco, 
ery and how it is calculated, the figures on magnesium recovery 
referred to in the paper are calculated with the same method 
and formulas, which are reported in the literature as common!) 
used in this connection. 

In answer to the question whether we tried Mg-Si and what 
the recovery was when this was used, we did not try this method 
of addition. Usually the charge of the plunger is made by 
magnesium chips (about 4xl4xl4 in.) mixed with scme 75 
pet ferrcsilicon, added as incculant. Often there is room in 
the plunger to hold at the same time magnesium chips and all 
ferrosilicon; scmetimes cnly magnesium chips are introduced 
in the plunger, while ferrosilicon is added later in the ladle 
Under these conditions the magnesium recovery was the same 
as with the compound charge. 

















BLOWHOLES 


GASES AND NATURALLY OCCURRING (CONGENITAL) 
IN FOUNDRY PRACTICE 


By 


Albert M. Portevin* 


The problem of gas and blowholes in the foundry 
frequently has been discussed and numerous papers 
have appeared on this subject eg. by C. H. Lorig, 
Budgen, etc. But the majority of these papers deals 
either with special processes or is restricted in scope 
to certain alloys, be these steels, cast irons, copper 
alloys, aluminum and light alloys. Thus it seemed to 
be in order to present the topic in such a way that all 
aspects of foundry practice are covered, drawing amply 
on the work of metallurgists and steel specialists on 
ingot blowholes, especially those in agreement with 
our long-time teachings at the “Ecole Superieure de 
Fonderie.”’+ 

Furthermore this Exchange Paper shall serve as a 
gesture cf sympathy, collaboration and gratefulness 
toward the American Foundrymen’s Society. 

This paper is subdivided in the following headings; 

Definition of blowholes; 

State of the gas in the metals; 

Origin of blowholes in the foundry; 

(1) Not originating in the metal: 
blowholes 

(2) Originating in the metal: endogenous blow- 
holes, or naturally occurring ones. 


exogenous 


A. Dissolved gases—Solubility of gases in metals: 
Factors: Temperature, pressure, composition of the 
alloys, nature of metal, supersaturation, agitation 
and nuclei 

Segregation at solidification. 


B. Gases due to the reaction— 
Two classical examples: 
(1) Copper, Cu,O and H (S and C) 
(2) Steel, FeO and C. Blowholes in steel ingots and 
in rimmed steels. 


* Member of the “Institute de France,” Honorary President 
of the “Asscciaticn Technique de Fonderie” and Honorary Di- 
rector of the “Ecole Superieure de Fonderie” of Paris, France. 

This 1s the Official Exchange Paper from the Association Tech- 
nique de Fonderie of France to the American Foundrymen’s 
Society. It was translated from the French. 

+ About 600 of our former students have been placed in the 
foundry industry, therefore it is not at all surprising that certain 
parts of the present paper duplicate papers presented and/or 
published in France. 
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C. Gases in suspension— 

Evaluation of the inclination for naturally occurring 
blowholes: 

(1) Gas content 

(2) Frothing under change of pressure. 

Character of the blowholes: Microblowholes and 
microshrinkage-holes (pipes). 

General procedures for combating naturally occur- 
ing blowholes (degassing processes). 

(1) Chemical ones 

(2) Mechanical ones 

(3) Physical ones. 


Definition of Blowholes 


Blowholes are cavities resulting from entrapment or 
retention of gas bubbles from the start of solidifica- 
tion of the metal. 

Thus the cavity or the blowhole at its very begin- 
ning of formation is occupied by a gas the pressure of 
which is equal to or greater than the sum of the pres- 
sures of the surrounding liquid metal and of the 
atmosphere above the melt,* and of the surface ten- 
sion; the shrinkage hole, on the other hand, from its 
very beginning is evacuated, therefore gases penetrate 
these holes with a pressure lower than the sum of the 
pressures of the liquid metal and of the atmosphere 
over the melt. 

The blowholes represent a state of mechanical re- 
tention or inclusion of gases in metals. 


* Pressure P in the interior of a bubble with the radius r, 
under the hydrostatic pressure Pp, is equal to 

2T 

P = Pp + — 

r 
where T is the surface tension of the metal. One should how 
ever note that according to this formula the pressure inside a 
bubble at the formation (r = QO) should be infinity, which, 
of course, is never the case. 

Thus this equation can no longer be applied for very small 
values of r; Allen (Jour. Inst. of Metals, vol. 49, 1932, p. 317) 
expressed the opinion that the first resistance which a bubble 
has to overcome at its formation is the surface tension, there- 
fore he prefers to write P = Pp +c (r) 
where ¢o (r) is a function of the surface tension, which in the 
case of nuclei, unrestricted within the range of thermodynamic 
equilibrium conditions, may for practical purposes be set equal 
to zero (see Herty and collaborators) . 











States of Gases in Metals 


A. At the surface: superficially adsorbed gases; 

B. In the interior of the metal. 

(a) dissolved gases; example: H in Al at satura- 
tion or supersaturation: * 

(b) combined gases; example: FeO, Cu,O, etc., 
compounds either dissolved (example: Cu,O in 
liquid Cu), or not in solution or precipitated (in- 
clusions; SiOz, silicates, AloOs). 

(c) gases in inclusions, or mechanically entrapped 
(sometimes called occluded gases) 

This complete classification is applicable both to 
the liquid and the solid states, 

In the solid states the gaseous inclusions (Class C) 
form the macro- or microblowholes; these are the only 
ones which interest us here. Thus we deal with the 
gas of gaseous inclusions or blowholes only, not the 
action of combined or dissolved gases, or of solid 
inclusions. Thus we shall not discuss the influence 
of oxygen, nitrogen etc. on ferrous metals especially on 
their grain size, formation of cementite, the capability 
of being tempered, etc. Blowholes originate from gases 
which exist in the liquid metal in one of the three 
above-named categories; we shall point out in this 
discussion which category we are dealing with. 

The term “porosity’’ may refer to both microblow- 
holes and micro-shrinkage-holes. 

The gases contained in industrial metals and en- 
countered in the foundry may originate from: 

(1) Methods of Fabrication—This concerns metals 
in the liquid state, viz. the amount of nitrogen and 
oxygen (in steels) may depend upon the production 
method (i.e. Bessemer converter, open hearth, electric 
furnace) and for each method the actual course of the 
operations accounts for great differences. 

Among the methods used for the production of 
metals in the solid state, mention shculd be made of 
electrolysis, because here the deposits may contain a 
considerable amount of hydrogen. 

(2) Treatments of the Solid Metals—Thus the roll- 
ing of aluminum in a moist atmosphere considerably 
increases the amount of hydrogen (Chaudron). 

The pickling e.g. of iron in sulphuric acid or of 
aluminum in soda may considerably increase the 
amount of hydrogen. 

But all this may be changed by a foundry operation, 
and this operation itself introduces new gases which 
give rise to foundry blowholes. Usually blowholes may 
occur when the gases are liberated in the solid state. 

Generally, if the gases cannot leave the ingot by 
diffusion, they develop into discontinuities in metal, 
i.e. physical defects such as blowholes if this inhibition 
of diffusion takes place during solidification or even in 
the solid state at temperatures high enough that the 
steel is still plastic (bubbles in the old-fashioned blis- 
ter steels), and flakes (in steel) if this inhibition of 
gas diffusion takes place in the solid state and at low 


*In the solid state (crystallized) the H atoms contribute to 
the distortion of the lattice; this causes an increase in hardness. 
More generally speaking the gases are in the interstices of cry- 
stalline structures, mcsaic structures, micrographic structures 
(intercrystalline microblowholes) . 
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enough temperatures. (This becomes especially n»- 
ticeable as consequence of the y — a transformatio, 
which takes place at the temperature Ar’” during 
quench‘ng of certain special steels). Also intergranul:r 
microblowholes may be brought about in this way. 


Origin of Foundry Blowholes 


The origin of the gases which form the blowholes 
may be: 

(1) Extrinsic to the metal, exogenous blowhole;; 
they depend upon the design and constructicn of the 
ingot mold and on the pouring of the metal into the 
mold. 

(a) Mechanically entrained air, entrained by the 
liquid metal from sources outside the charge. Adher- 
ence phencmena between gases and liquids used in 
water-blast. One may avoid this by keeping the runne: 
full (or choked). The amount of gas entrained de- 
pends upon the rate of pouring; more gas is retained 
by the metal when the fluidity diminishes. 

(b) Air contained in the mold which could not es- 
cape when the liquid metal was poured into it.* 

(c) Gases and vapors given up by molds, cores and 
coatings upon heating by the molten metal. 

(d) gases created in a reaction between the molten 
metal and certain parts of the mold. Example: cast 
iron reacting with a rusty core chaplet and thus devel- 
oping CO.** 

(2) Interior of the metal—Endogenous or naturally 
occurring blowholes depend upon the metal itself, on 
its state, and its prehistory during solidification. We 
shall discuss in the present paper only such blowholes. 
With respect to the state of the gas in these metals, 
we distinguish: 


*It is of importance that the mold must not be filled too 
rapidly. The entrainment of air while filling the mold becomes 
of special importance in die casting, where the metal is injected 
into the mold and somewhat atomized. The gates are restricted 
to a thickness of 0.3 to 0.6 mm (0.01 to 0.02 in.) ; thus the fluid- 
ity and not the “castability” of the metal, plays the important 
role. 

Also in the “gocseneck” hot chamber machines in which a 
pressure of 375 to 675 psi (24-45 kg/cm*) is exerted upon the 
liquid metal by means of compressed air, and even in the cold 
chamber machines where a pressure of 1050 to 1800 psi (70 to 
120 kg/cm’) is applied by means of a steel piston, it is almost 
impcssible to get castings which are absolutely free from blow- 
holes. In spite of all the mold vents, part of the air therein can- 
not escape when the metal is poured in. This air is compressed 
and its volume, distributed over a great number of minute 
blowhotes, is thus greatly reduced. This air remains in the fin- 
ished casting practically at the pressure under which the metal 
was forced in the mold. 

Thus blowhcles in an alloy cast at low pressure will be greater 
for the same amount of air, as compared to the same alloy cast 
with a cold chamber machine. If such castings be subjected to 
subsequent treatment at elevated temperature such as in baking 
on of varnish or other thermal treatments for certain light 
alloys, the prcb‘'em of air inclusions becomes accentuated. With 
rising temperature the creep strength diminishes and the pressure 
of the entrained gas rises; at a certain moment the gas pressures 
will overcome the resistance against flow in the blowhcles near 
the surface, blisters are now formed rapidly. Between two 
deeper situated blowholes a crack may now be formed, and 
therefore the mechanical properties of such a casting after heat 
treatment may not be improved at all, but might even have 
become worse, because the internal flaws have increased, and 
these are not apparent at the surface. 
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(A) Gases dissolved in the liquid metal, being dis- 
iarge during the cooling or the solidification of the 
etal. 

(B) Gases due to chemical reactions which may take 
lace in the molten metal; such reactions are influ- 
nced by temperature, pressure, concentration of the 
everal elements and by the solidification phenomena 
as these bring about changes in concentration of the 

components). Such bases also may originate from the 
lissociation of compound, one element of which, 
iS a gas, 

(C) Gases in suspension or in emulsion which are 
due to the two causes cited above; and whose elimina- 
tion is delayed. 

These absorbed or entrapped gases are either elim- 
inated from the metal or are retained in it as blow- 
holes. 


(A) Dissolved Gases 
Solubility of the gases in metals and alloys 


(a) Metals—The solubility or absorption of gases 
and their precipitation or expulsion in and from solid 
and liquid metals depends upon temperature and 
pressure. Therefore this solubility is either plotted as 
curves at constant pressure, mostly 1 atmosphere (iso- 
bars), or at constant temperature (isotherms). These 
curves furnish as a function of either temperature or 
pressure, the amount of gas, g or m, respectively, which 
is dissolved or absorbed. The quantities are expressed 
either by volume (cm* at 0° C and 760 mm) per unit 
volume of metal, or in mg per 100 g of metal, or in 
mole per mole of metal, respectively. 

The greatest number of investigations deals with 
hydrogen. There are some papers dealing with oxygen, 
nitrogen, sulphur dioxide, the oxides of carbon. The 
rare gases are practically insoluble in all the metals. 

(1) Pressure and state of the gas—The solubility in- 
creases with the square root of the pressure: q = 
k \/ p, or in the more general form q = k.p™" with n 
= 2 prevalent. 

That means that the dissolved gases are in the 
atomic state, and this explains the rapid absorption 
of atomic gases by molten metals, e.g. the absorption 
of nascent H derived from the chemical reaction of 
liquid metals with their contact with water or am- 
monia. 

(2) Temperature—The solubility of gases increases 
with the temperature in molten metals. This is just 
the opposite of what takes place with water. 

At the moment solidification sets in, the solubility 
of gases decreases abruptly: a typical example thereof 
is the sprouting of silver, known since antiquity, hav- 


** In the same way the blowholes near the surface of steel in- 
gots, situated several mm up to | cm deep, are cfien due to 
the reaction of the carbon containing metal with the oxidized 
walls of the ingot mold (poor maintenance) or with the mois- 
ture condensed thereon (ingot mold was too ccld, in general 
blowholes occur for this reason at the upper part of the ingot 
only), or they occur if the pouring was interrupted, and the new 
molten steel reacts with oxidized metal (in this case the blow- 
holes are arranged in a zone at the spot where the pcuring was 
interrupted, and finally they may be due to turbulence of the 
molten metal if it was poured too fast (blowholes at the bottom 
of the ingot). Rs 
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ing been studied by Lucas 1819, Chevillot 1820, Gay- 
Lussac 1830, and J. B. Dumas. Here the volume of dis- 
charge oxygen represents about 100 times the volume 
of the silver at the melting point. The same phenom- 
enon may be observed for platinum and palladium, if 
both metals are molten in the presence of oxygen. 

If m is the solubility (in cm*/g of metal) of hydro- 
gen in metals, then according to Borelius 

log m = f (I/T), 

where T = the absolute temperature; this equation is 
plotted (Fig. 1) for all the metals as a family of 
straight lines which converge toward a narrow limit 
of the I/T axis. 

And furthermore, in the case of hydrogen, the 
change of solubility at the transition solid-liquid is 
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Fig. 1—Solubility of H, in metals (After Borelius and 












































Dardel). 
i 2 
8 /| 
: F 
4 be 
é / 
me 
4 
cd 
fe ve LY 
les L d 
oe a 

" ‘ 
ce oe gery 








a a 
Isobars Ni-H5, Fe-Ho 
and Cu-Ho Systems 


Fig. 2—Absorption of H, by metals (After Sieverts). 
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Fig. 3—Absorption of H, by reduced iron and H). 
(Keizo Iwase). 


larger, where the absolute value is smaller. Thus at 


the melting point we have: 
Fe Al 


Solubility m, in the liquid metal 1.80 2.93 





Solubility m, in the solid metal 
Log solubility H, in solid metal 2.922 5.28 

Hydrogen shows this abrupt solubility change at the 
melting points of Fe, Ni, Cu (Fig. 2 and 3), also at 
the a = y transformation of iron, (which shows the 
same phenomenon for nitrogen, Fig. 4). Thus these 
metals show sprouting, and they become porous if the 
gas cannot be discharged. 

We know on the other hand, that the diffusion of 
hydrogen into certain solid metals at high tempera- 
tures may bring about important changes: thus steels 
are decarburized with the formation of hydrocarbons, 
and oxidized copper forms water vapor which is in- 
soluble in the metal, and accounts for its deteriora- 
tion. 

Certain rare, precious metals, or those of high melt- 
ing point (Pd, Ce, Th, Zr, Ti, Ta, V) absorb in the 
solid state large amounts of hydrogen (1 volume of Ti 
dissolves 1800 volumes of H,; 1 volume of Th dis- 
solves 1700 volumes of H,); the amount of gas ab- 
sorbed diminishes with rising temperature (See Fig. 
5). Hydrides or solid solutions of hydrogen are ob- 
tained with a density lower than the one of the metal 
and cf gray or black color. In palladium we find a 
rapid decrease of the hydrogen solubility at the melt- 
ing point. 

(b) Alloys—In molten alloys the solubility of gases 
varies with their composition. Therefore it is possible 
to increase the hydrogen solubility in copper by the 
addition of nickel, decrease it by the addition of tin 
or aluminum, and leave it uninfluenced by the addi- 
tion of silver (See Fig. 6). 

However the formation of definite compounds may 
change the solubility. Thus such compounds like Ai- 
Cu and Mg-Cu addition alloys are prepared by uniting 
the metals in a ratio approximating the formation of a 
compcund; these alloys are very brittle and easily 
pulverized due to the formation of numerous fine 
channels originating in the discharge of gases. 

As regards the solid state, the studies concerning 
hydrogen solubility in palladium and ferrovanadium 
show different results (See Fig. 7); sometimes there is 
a decrease, sometimes an increase up to a maximum. 

It is necessary to perform synthetic experiments to 
be sure that the porosity or lack of compactness of a 
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metal is really due to gas. 

Thus G. L. Bayley (Rev. Metal., Abstracts 1929; | 
204) has studied for 70:30 brass the action of hydr« 
gen, nitrogen, and sulphur dioxide by comparing th 
compactness with the apparent density; he drew th: 
conclusions that under varying conditions of castin; 
the gases have nothing to do with the porosity of 70:3) 
brass. This may be explained by the fact that th: 
vapor pressure of zinc in the liquid brass is rathe: 
high (about 200 mm at 1000 C or 1830 F, it reache. 
760 mm at 1140 or 2085 F, a temperature at which 
occurs a rapid increase of the discharged vapors 
Thus presumably a solution of the gases in the alloys 
is made impossible. We know that the solubility of a 
neutral gas in a solvent decreases as the vapor pres 
sure of the solvent increases, becoming often equal to 
zero at the boiling point. 

One may modify the solubility of gases by additions. 
Thus, e.g., the solubility of hydrogen in aluminum 
diminishes slightly if copper is added (Budgen), and 
diminishes greatly if manganese is added (Chaudron). 

Summarizing, the absorption of a gas at the fusion 
of a metal depends, for any given metal upon: 

(1) The chemical nature of the atmosphere of the fur- 
nace particularly reducing or oxidizing. A good ex- 
ample is the melting of manganese under hydrogen 
when the magnesium industry was still in its infancy; 

(2) The state of the gas, i.e. molecular (Os, Ho, Nz») 
or atomic. The absorption of atomic gases proceeds 
much easier than the absorption of molecular ones 
(by bubbling through). Thus aluminum absorbs 
(Chaudron): 
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Fig. 4—Absorption of gas by reduced iron and N, 
(Keizo Iwase). 
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a) The hydrogen from its action upon water vapor 
(moisture in the air); if droplets of water are added 
in evenly spaced time intervals to crucible furnaces, a 
very gaseous metal is obtained; 

(b) Nitrogen, by the action of ammonium salts; 

(c) Carbon monoxide, by the action of carbon di- 
oxide. 
Therefore it is often advantageous to maintain a 
slightly oxidizing atmosphere. One must always avoid 
the chance that the metal should come in contact with 
atomic gases. Water vapors and ammonia come under 
this heading, as they furnish hydrogen and nitrogen 
respectively, by dissociation. 

The alternative is to protect the metal with a flux 
or a Slag. 

(2) The temperature and the length of the melting. 

All melting should be done in as short a time as 
possible, and overheating of the melt shall be avoided. 

(3) The pressure could be total (melting in vacuo 
or partial (dilution of the absorbable gases by inert 
gases, such as fusion under argon). 


Supersaturation, Agitation and Nucleation 


The dissolved gases remain frequently in a state of 
supersaturation after solidification has occurred. In 
such a case agitation relieves the supersaturation, a 
phenomenon well known from carbonated beverages; 
but also solid particles (inclusions) present or gas 
bubbles may act as nuclei for the gas development. 
Thus we have a means to degas a metal. 

Degassing may be done by bubbling a gas through 
the metal, different from the one dissolved in it; a 
double action takes place: 

(1) The liquid is agitated mechanically, 

(2) Gas bubbles are created with an internal atmo- 
sphere where the partial pressure of the dissolved gas 
equals zero. 

From these two actions the second one plays perhaps 
the more important role, as the hydrogen treatment of 
steels proves. 
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Fig. 6—Solubility of H, in alloys (Sieverts). 
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Fig. 7—Solubility of H, in alloys (Sieverts). 


As we shall see below, in the case of steels the boil- 
ing and the blowholes are due to the reaction gas, i.e. 
the carbon monoxide which is created due to the 
simultaneous presence of dissolved carbon and dis- 
solved oxygen in the metal. This boiling may be 
reduced by killing the steel, ie. reducing agents are 
added which form irreducible oxides, irreducible by 
the carbon. But it also may be enhanced by carburiz- 
ing an oxidized heat or oxidizing a carburized one. 

But there are other gas developments, one sees them 
frequently in deoxidized metals; they are due to a 
hydrogen absorption (the hydrogen might come from 
the moisture of the raw material, or from leaks into 
the cooling units). In this case the addition of deoxi- 
dizers of course is without effect. One must treat the 
heat in such a case: 

(1) By recarburizing; 

(2) By adding ore. The metal boils up and thus 
becomes degassed. 

This is what one has to do in the case of hydrogen 
if simple stirring is ineffective. By the same token the 
addition of limestone flux in place of CaO gives simi- 
lar effects due to the development of CO,. Thus we 
draw the conclusion that the mechanical stirring is of 
secondary importance. 


Segregation at Solidification 


Just as for all the other dissolved elements, the con- 
centration of gas also changes during the solidification, 
and as the gas dissolves less in the solid, more gas con- 
centrates in the liquid as solidification proceeds. Thus 
a metal or an alloy which was not saturated with gas 
when completely liquid, may now become saturated 
and discharge gases which at the second step or defi- 
nitely at the third step cause blowholes (microblow- 
holes). 


Gas Content in Metals 


Much progress has been accomplished in controlling 
the gas contents, especially in steel. For all special 
steels the amounts of O, H, N are determined in the 
shop practice of steel mills. 

But the determined amount of gases has never 
shown conclusively that gases do damage; as regards 
physical defects, i.e. blowholes and steel flakes. Thus 
far no relation has been established between gas con- 
tent and proportion of such defects. 

Therefore it dces not make much sense to determine 
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the amount of gas in the liquid or in the solidified in- 
got. We would have to know the damaging or dan- 
gerous amount, and this amount depends not only 
upon the alloy, but upon the overall foundry practice. 
Furthermore the solubility of a gas per se is of no 
great importance. The change of solubility as function 
of temperature and solidification together with the 
retardation phenomena such as the superccoling, crys- 
tallization, etc. become important. Thus one deals 
here with a problem of physico-chemical kinetics. We 
find in the literature (G. Chaudron, Bull. A.T.F. p. 
410, 1937) reports to two samples with almost identi- 
cal gas content one evolves gases, the other does not. 

Furthermore it was never possible to establish from 
basic open hearth heats any relation between the hy- 
drogen content and the boiling of the bath. There 
was also no relation found between the change of the 
hydrogen content and the speed of decarburization. 

However it was established at the basic open hearth 
which furnished steels with a 4 to 6 per cent Cr that 
rimmed stéel was produced if the amount of hydrogen 
was 9 to 10 cm*/100 g, and that the steel was always 
satisfactory if this amcunt dropped to 7.5 cm3/100 g. 

Nowadays we must admit, based on the work and 
experiments by Houdremont and his collaborators, 
which were verified independently by Musatti and 
Reggiori, that hydrogen is the most important cause 
for “flakes” in steels. If one examines the quantity 
which the latter authors applied (Rev. Met. vol. 32, 
p. 550, Nov. 1935) one finds no differences for steels 
with flakes and steels without flakes. The authors 
make the following statement: ‘Analyses of samples 
rich in flakes and analyses of those completely devoid 
thereof, do not allow us to reach conclusions as to the 
amount present in either case.” Furthermore they 
state “that our values force us to draw the conclusion 
that hydrogen is almost completely eliminated with 
slow cooling, for the avoidance of flaking and with 
fast cooling for the promoting of flaking.” 

One must keep clear in mind that there are two 
properties, one is a physical one, simple and elemen- 
tary, such as the solubility of a gas in a given metal; 
the other is a complex technological one, the ability 
to get full of blowholes, (“blowholiness’’), which is a 
function of the above-mentioned simple property and 
its variation with the temperature. The gas solubility 
is determined by chemical analysis at different tem- 
peratures. 

But the second property, though being a function 
of the first, can only be determined by performing 
sprouting experiments at appropriate pressures.* 

Thus one must do experiments, like solidification 
under reduced pressure or “incubation in vacuo,” to 
determine the blowholiness. 


* An analogy is presented by the castability. If we want to 
know if a heat is suitable for pouring we cast it experimentally 
in a spiral, and this tells us if the heat is satisfactory. This abil- 
ity too depends upon a simple physical property, the fluidity, 
which is a function of temperature. 


In the same way we determine piping and shrinkage by direct 
experiments. We cannot deduce them from the basic physical 
property, the thermal expansion upon melting which is one of 
the factors. 
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(B) Reaction Gases 


Equilibrium reactions with the dissolved materi. |s 
take place inside the molten metal or alloy and these 
reactions give rise to gaseous compounds. We sh. |! 
give some classical examples which are of fundamen: | 
importance: 


(1) For steel: (Fig. 8) 
FeO + C = COT + Fe 
Cy C, p 


(2) For copper (Allen, Fig. 9): 
Cu,O + 2H = H,OT + 2Cu 
Cy Co p 
this reaction also may take place in brasses, where 
ZNO and SnO, take the place of Cu,O. 

The equilibrium reaction under isothermic condi- 
tions are governed by the law of mass action c, - Cc. = 
Kp. Under isobar conditions this law is replaced by 
Van t’Hoff’s isochore 9 log K/ 9 T = Q/RT?. 

If one wishes to avoid the gaseous discharge, one 
must remove either the oxidant or the reducing agent 
from the reaction, or at least lower its concentration 
considerably, below the equilibrium concentration in 
the molten metal. 

This equilibria are shifted by changes of tempera- 
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e, pressure and phase concentrations. Upon solidi- 
ition beth concentrations c, and Cy, rise simulta- 
ously in the liquid phase. This gives rise to a very 
portant gas development, called sprouting resem- 
ing effervescence in carbonated beverages. 


H*% 


0,00004 











0,05 07% 
Fig. 9—( Allen). 


These reactions must be thoroughly watched both 
in copper foundries and in steel mills. We shall talk 
about this now more in detail. 

(1) Copper—The removal of impurities from cop- 
per (called scrubbing, purifying, refining) is done 
with slags. Oxidation occurs, and the partly oxidized 
bath is reduced by stirring with a pole (“poling’’) until 
a certain amount (about 0.05 per cent) of oxygen re- 
mains. If the oxygen is reduced still further, defective 
ingots would result which are full of blowholes and 
the mechanical properties would be affected. 

The same difficulties present themselves if one pre- 
pares cathodes of electrolytic copper. 

Therefore every commercial copper ingot contains 
numerous microblowholes interspersed between the 
dendrites and at the interspace between the grains. 
Therefore its apparent density is only 8.3 to 8.7, 
whereas pure rolled copper has a density of 8.95. Any 
annealing in a reducing atmosphere changes its me- 
chanical properties considerably. 

According to Allen (J. Inst. Metals 1930, p. 43-81) 
the defects of copper ingots are due to the equilibrium 
reaction: 

H, + Cu,0 = 2 Cu + H,O 

This reaction gives rise to water vapors from the 
beginning of solidification due to traces of residual 
hydrogen. 

As scon as the amount of oxygen exceeds 0.1 per 
cent (Fig. 9), the amount of hydrogen becomes less 
than 0.00002 per cent, and this amount can no longer 
do any damage.. The ingots have a pipe, but during 
poling the oxygen diminishes, hydrcgen increases, 
the pipe becomes smaller and smaller until one 
reaches point A (Fig. 9) with ingots without a pipe, 
and with a smooth surface. If oxygen is cut down 
beyond this point, hydrogen increases tremendously. 
Thus overpoling is obtained, the ingots puff up in- 
side in the molds and they are useless.* 

One may remove the oxygen completely with a 
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flux of boric acid anhydride or of metaphosphoric 
acid, as these fluxes dissolve Cu,gO and thus prevent 
oxide absorption. Melting removes the major part 
of the hydrogen. Upon tapping oxygen is absorbed 
by additions of Mn, Mg, B, Ca, e.g. one uses 0.02 per 
cent Mg. These small additions do not influence the 
conductivity; it is quite remarkable that up to 0.1 
per cent oxygen shows hardly any influence upon the 
conductivity. 

Even copper which has solidified with formation 
of a pipe may not have a perfect compactness in the 
density test. 

A calcium addition protects the copper in the 
liquid state (tapping) as well as in the solid state 
(heating for rolling). 

An addition of 20 gr Ca/ 100 kg Cu suffices to cause 
cracking of the copper at rolling. 

If a copper wire is heated in air preceding the 
rolling, oxygen is absorbed. But a gas development 
may also take place due to the action of Cu,O upon 
either sulphur or carbon. This is because in the 
reaction Cu,S + 2 Cu,O = SO, + 6 Cu develops 
an equilibrium pressure of | atmosphere for SO, at 
750C (1382F). Sprouting or violent gassing occurs 
at this temperature. The carbon which is insoluble 
in copper may give rise to the reaction Cu,O + CO 
— CO, + 2 Cu, after the molten copper has been 
agitated with a stick of graphite. 

Thus in summarizing we might say that Cu,O may 
be removed either by the action of reducing sub- 
stances like P, Si, Al, B, Ca, Be, etc., or by flux 
absorption. The flux must have an acid base, like 
boric, silicic, metaphosphoric acid. One may apply 
both things simultaneously. Hydrogen is removed 
by the action of oxidants (metallic oxides, peroxides, 
etc.) forming water vapor which is almost insoluble 
in both the liquid and the solid metal. If this re- 
action takes place in the hot solid metal,** internal 
formation of water vapor takes place with the form- 
ation of blisters. Guichard has studied this phenom- 
enon in the laboratory; Artignan observed it in 
actual field conditions in the fire-box plates of loco- 
motives. Andoyer has pointed out that the loss of 
weight occurring this way could be used as simple 
analytical tool, but it is of course easier to observe 
the change in mechanical strength upon bending. 

We were the first ones to point out 40 years ago 
how oxidizing agents may be used to combat blow- 
holes. We did this at the Paris Foundry Congress 
in May 1913 (A. Portevin, “The Role of Oxidants 


* Furthermore the dissolved hydrogen causes blowholes all by 
itself: G. Lobley and D. Jepscn (Rev. Met. Abstract, p. 409, 
1926) fused and chilled copper in a hydrogen atmosphere be- 
tween 1100 and 2200 C (2012 and 3992 F), they found that at 
solidification gas is discharged. The duration in seconds of this 
period and the voiume per cent of blowholes in the solidified 
metal were at a minimum at 1350 C (2462 F) and at a maximum 
at 1750 C or 3150 F. 


** When hydrogen causes damage (by the formation of water), 
the defect Icoks like cracks, whereas CO causes blisters; the metal 
becomes spongy due to the development of CO,, without rup- 
ture. The change of density due to the speed of diffusion is 
thus much greater with hydrogen and water. than with CO 
and CQO,. 
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in the Copper Foundry Practice and Their Appli- 
cation,” Rev. Met., vol. X, p. 944, 1913). 

(2) Steel—The purifying or refining of pig iron 
is also done by oxidation, either with ore (open 
hearth, electric furnace), with gas (open hearth), 
or with an air blast (Bessemer converter); all this 
gives rise to FeO which is dissolved in the liquid 
steel. If one thereafter adds carburizing agents, like 
cast iron, spiegel. etc., CO is formed. The develop- 
ment of CO also causes the elimination of hydrogen 
and nitrcgen which were present in a state of super- 
saturation. * 

If casting is done at this moment, an ingot with 
blowholes is obtained, and even outbursts of liquid 
metal occur. But we shall show that it is possible to 
regulate the gas development in the ingot mold so 
that the volume of blowholes compensates for the 
pipe (“open” or “rimmed” steels with greatly re- 
duced crop ends to cut). 

If one wants to diminish the formation of CO, 
which is the reaction gas, one cannct do it by the 
eliminaticn of carbon. Carbon is a very important 
element in the steel, it is responsible for all the 
mechanical properties and for the tempering pro- 
cess. Therefore FeO is the compound worked on. 
It is acted upon by reducing agents cr deoxidizers: 
Al, Si, Ti when reacting with FeO furnish AI],Os, 
SiO., TiO., and these cannot be reduced with carbon 
under the prevailing conditicns. In other words, 
they do not act on CO. The FeO may also be removed 
by slags which are low in FeO and acids. 

Pourcel in 1878 discovered the action of silicon. 
Starting with this discovery it was for the first time 
possib'e to obtain steel castings free from blowholes. 
We know now that aluminum is more efficient (as 
found by Brinell) and may be used both for steel 
and cast iron. 

There might be an occurrence of hydrogen also 
in the case of iron. However it can be completely 
avoided. It does damage (flakes) or at least does 
not serve any purpose. This hydrogen cannot be 
removed by oxidation in the liquid metal, as in 
copper, because at the temperature of molten steel 
(1600C or 2412F) the water vapor is almost 100 per 
cent dissociated. 

Agitation, by means of a neutral gas effects the 
discharge of the unwanted gas in excess of its satu- 
ration, just as the discharge of reaction gas at the 
outset of solidification, eliminates that part of the 
dissolved gas which is in a state of supersaturation. 
Thus in copper the water vapor that is formed 
discharges the excess hydrogen simultaneously. In 





* Gas liberation from heats, at the ccoling of steel and cast 
iron has been studied by Muller (1883), Ruhfuss (1897), Munker 
1904), Herwig (1913), Baradac-Muller (1916), Piwowarsky (1920), 
Karhrs (1925), Herasymenko and Dombrowski (1941), Hare, 
Petersen and Soler (1937). The developed gases are overwhelm- 
ingly carbon monoxide with some hydrogen and nitrogen and 
with very little carbon dioxide and methane. 

In simmed stecl, carbon monoxide dominates, and hydrogen in 
killed steel. The maximum amount cf both gases is reached at 
almost the same moment in both cases. 

The time which passes between pouring in the ladle and 
casting in the mcld does not influence the gas composition, at 
least not if this time varies from 8 to 10 min to 22 to 25 min. 
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steel the discharge of CO carries the hydrogen wit) 
it; thus the discharged gas contains both H and Co. 
Let us pause for a moment and remember the famous 
controversy between Pourcel and Miller over reaction 
CO gas against dissolved hydrogen gas. Each one 
was alleged to be responsible for the blowhole,. 
Finally LeVerrier gave the correct answer as we 
just have indicated. 

Thus it is to elimination effects that one must 
attribute the effect of coatings upon the blowholes 
of ingots and castings; viz, pitch decomposes ancl 
volatile matter evolves, and this gas causes the dis- 
solved gas to blow out. 

As the gas develops during the steel solidification 
(experiments made by Kahrs in the Krupp Works 
1925, Fig. 10) one observes that first the hydrogen 
appears, to make place later on for CO. This is 
because the supersaturated gas, i.e. the gas not in 
equilibrium, is released first under the trigger action 
of the solidificaticn, whereas the gas resulting from 
an equilibrium reaction is developed slowly as the 
equilibrium changes due to solidification. 

Moreover in certain heats, especially of special 
steels, one cannot kill the casting by the action ot 
the common deoxidizers Si and Al, and here hydro- 
gen blowholes occur. It is necessary to destroy first 
the excess of reducing agent in the casting by oxida- 
tion, then one must carburize the metal, heat it 
until it sprcuts or evolves gas violently and then 
finish as usual. 
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Basic open hearth, scrap used, teemed directly into ingots of 650 
kg in an ingot mold which was covered with a lid carrying an 
iron pipe for the gas collection. (In order to measure nitrogen, 
the ingot mold was first filled with hydrogen). 


Fig. 10—Composition of the gas discharged during teem- 
ing and solidification of steel (Kahrs, Krupp, 1925). 
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jrinell has studied the most commonly used de- 

idizers Mn, Si, Al; we shall talk about them 
trther, 

\luminum is the most active deoxidizer. It is 
even suitable for the rapid and easy determination 

dissolved oxygen in liquid steel. The right amount 
i; found by adding aluminum in increasing amount 
i» every ingot of one teeming operation, until one 
ingot will be completely killed, i.e., no gas evolves 
during the solidification (a deep pipe forms con- 
tinuously under a charcoal layer). 

In summary, the factors which influence the equi- 
librium of the reaction gases (such as the pressure, 
iemperature, concentration, segregation at solidifi- 
cation) are the same which influence the equilibrium 
of the dissolved gases. Thus the solution for over- 
coming blowholes are the same, irrespective of the 
origin of the gas and the attempt to accentuate 
ability to form blowholes by avoiding conditions for 
violent gassing as explained below, will be equally 
applicable for both cases. 

The gas discharge may operate in correlation with 
the non metallic inclusions which thus might become 
of tremendous importance. They might react chem- 
ically and thus produce a reaction gas. They act 
either per se or by aid of this reaction gas to initiate 
the release of the supersaturated gases (compare the 
release of steam from superheated water when nuclei 
are thrown in). 


Conclusions from the Studies of Brinell, concerning Blow- 
holes in Steel Ingots (Fig. 11). 


According to Brinell the most important factors 
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Classification according to compactness figures, which appear on 
top of every cross-section; appearance of the ingot with the 
upper third removed; each type is asscciated with a definite 
compactness coefficient. 
Principal Factors: Content of Al, Si, Mn. 
K = Mn + 5.2 Si + 90 Al 

K—2.05 1.66 116 050 0.28 
I vype No.—4 5 6 7 8or9 
For 250x250 ingots (walls 50 mm acid open hearth, hot teeming 
(P = 0.02-0.03%). 
Secondary Factors: Amount of C and P, temperature of teeming, 
initial temperature of the mold, wall thickness of the mold, 
ingot cross-section, feeder. 


Fig. 11—Blow holes in steel ingots (according to results 
of Brinell’s experiments on exhibit in Paris, 1900). 
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are the percentages of Mn, Si and Al, because they 
influence the time at which the discharge of gas from 
the steel starts. After all the free surface has been 
covered with a solid crust the gas development must 
cease, and now a high gas pressure results from the 
discharge of gases in a closed space. 

If gas is discharged violently from such an ingot, 
the crust cannot form, thus the gas discharge con- 
tinues. 

For 250 x 250 mm ingots, wall thickness of the 
mold 50 mm, of soft steel from the acid open hearth 
(P = 0.02 — 0.03 per cent), the ingot type is de- 
fined by the compactness coefficient K. 


K = Mn + 5.2 Si + 90 Al 
the values of K for the different types are 


k= 2.05 1.66 1.16 0.50 0.28 
for type > 4 5 6 7 8 or 9 


The type of compactness once established, according 
to Brinell, K has a value smaller than the one cal- 
culated frem the amounts of Al, Si, Mn, if 
(1)—-pouring temperature is higher; 

(2)—initial temperature of the mold is higher; 
(3)—wall thickness of the mold is lower; 

(4)—amount of P is higher 

(5)—cross-section of the ingot is smaller 

(6)—there is no refractory hot top (sinkhead). 

The presence of a sinkhead does more damage than 
good, especially if ingots of the type 5, 6 or 9 are 
wanted. 

According to a note published by the Gathmann 
Engineering Co., if at tapping a heat of killed steel 
the aluminum is added to the ladle when it is filled 
to one-third or up to two-thirds, one must wait about 
8 min for a casting of 50 tons and 12 min for a casting 
of 100 tons, before one may cast in the molds. 

In a rimming steel the ingot rises generally 75 mm 
to 125 mm in an ingot mold of 1.80 meters height. 

In semi-killed steels (semi-deoxidized steels) the 
blowholes form especially at the upper outer part of 
the ingot. There is also a pipe which is not very vol- 
uminous but reaches very deep. One notes differences 
which can not only be attributed to the degree of de- 
oxidation, but to the manner of pouring or to the tem- 
perature of both the heat and the ingot mold. 

An ingot of steel which was killed in the ingot mold, 
after the teeming, may show simultaneously a second- 
ary pipe of a semi-deoxidized steel and deep seated 
blowholes in the lower part of the ingot just like a 
rimmed steel; thus these two defects are not restricted 
to the classes of steel they are supposed to be character- 
istic of. 

To summarize what we have said thus far there is 
an equilibrium in reactions between an oxidizing 
agent (Cu,O, FeO) and a reducing agent (C, CO, H, 
S) said equilibrium being influenced by temperature, 

concentration and pressure. The discharge of gases 
may be prevented by two procedures: 

(1) The reducible oxide must be eliminated: 

(a) either by dissolving it in a flux or slag, which 
must be acid if the oxide is basic, and vice versa; 

(b) or by the addition of a reducing substance which 
sees to it that the metal oxide is replaced by an 
irreducible oxide (in the common copper alloys, like 
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brasses and bronzes, Zn and Sn are the reducing agents 
for Cu,O). 

(2) The reducing agent must be eliminated by 
addition of an oxidizer. This can only be done if the 
reducing agent is not needed in the final product. 
Thus carbides cannot be removed from steel. 

One should keep in mind that these oxidations and 
reductions are governed by thermodynamic facts, like 
heats of reaction, changes of free energy, etc. 

As in the open hearth processes, one may for the 
sake of greater efficiency and speedup use slags and 
deoxidizers simultaneously. 

The second process described above must be used, 
for copper and even for iron, if the reducing agent is 
a gas, like hydrogen. If hydrogen had been used in the 
first process and an excess thereof remained dissolved, 
blowholes result, as has been described above. This 
explains the occurrence of a metal full of blowholes 
if Fe is used to deoxidize copper. Blowholes also re- 
sult if SO, is not removed completely. 

If the reducing agent is sulphur, it may be removed 
with magnesium, cerium (Ce,S;), beryllium or lithium. 
As all of these are simultaneously deoxidizers, oxygen 
and sulphur are removed, thus SO, in solution is de- 
stroyed.* 

As it is not possible to add exactly the correct 
amount of oxidizer, one uses an excess thereof and 
follows up with a deoxidizer to remove the remainder 
of the oxide.+ 

Or one may also deoxidize or desulphurize by a slag, 
i.e. with a phase outside the metal proper. Or one 
may fix both the oxygen and the sulphur into an in- 
active combination, i.e. one which is innocuous with 
respect to the properties sought. This is a neutraliza- 
tion and not an elimination. 


Rimmed Steels 


According to the amount of FeO which remains at 
the moment of teeming, a more or less open steel is 
obtained, which upon pouring into any one given in- 
got mold furnishes all types of ingots starting with a 
completely killed steel without blowholes and shrink- 
age holes (Type 1, Fig. 12) until a completely open 
ingot which creeps out of the ingot mold, forming the 
“leg of a boot” (Type 7). 

If the steel is kept open, the pipe is suppressed, and 
lots of blowholes become evenly distributed through 
the mass. They become closed at the rolling opera- 
tion; but still one must avoid overflowing and see to it 
that the gases escape at a certain time after the teem- 
ing of the ingot when a solidified layer without blow- 
holes has been formed (compare with the series of 





* One should here neither use the expression deoxidation nor 
desulphurization, but talk about a fixation of oxygen and sul- 
phur into an inactive combination. The word inactive refers to 
the chemical as well as the thermal prcperties. One should 
keep in mind that Mg, Ce, Be, Li are added to pig iron in order 
to obtain spheroidal graphite, but the action cf these elements 
in the presence of both sulphur and oxygen warrants new 
studies. 

+ Thus e.g. with cupronickels (Land and Rolfe, 1939) one 
adds first an oxidizer, like copper oxide, nickel oxide, man- 
ganese dioxide, afterwards magnesium is added to remove and 
sulphur and finally silicon as a deoxidizer. 
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the Brinell types for the ingots from the basic Bess. 
mer process). The blowholes which break through > 
the surface or which are cracked during the rolling «o 
not weld together anymore due to oxidation (ingo:s 
with slivers), thus furnishing a metal which must le 
scrapped. Furthermore the upward motion resulting 
from the effervescence of the metal causes the form. 
tion of a cornice at the upper part of the walls whic | 
finally seals in the top of the ingot thus for forming 
the solidification to proceed in a closed space. 

Therefore, in order to obtain this result, one neecs 
in the ingot an amount of FeO which moves on|) 
within very narrow limits, and this correct amount is 
obtained by the judicious addition of aluminum in 
small portions, 

The last stage of the ingot “closing” described above 
is sometimes obtained by forming a “cold-top,” i.e. 
either cold metal or a fine spray of water; but this is 
a very dangerous undertaking. 

In open steels it was found that the blowholes ol 
the first outer zone contain hydrogen, the ones in the 
interior carbon monoxide. This might be due to the 
fact that carbon monoxide is an equilibrium reaction 
gas, which discharges slowly during solidification, as 
its concentration in the liquid increases, whereas hy- 
drogen is released immediately at the first agitation 
from a supersaturated solution, due to the discharge 
of CO or due to solidification. 

If one lets the solidification take place under pres- 
sure by closing the ingot mold, as was done by Hult- 
gren, Phragmen, Wohlfahrt and Ostberg (Jour. of 
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Fig. 12~—-Types of ingots from the basic Bessemer. (Pipes 
and blow holes, killed steels and rimmed steels). 3-ton 
ingots 500x500. 
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\. als, Feb. 1951), then, if one keeps in mind that 
th ce is such a thing as an equilibrium pressure 
1ich is a function of the equilibrium, position of 
th blowholes, the structure), it should be possible to 
o! .ain at this pressure a steel which solidifies just like 
a .illed steel. And this was indeed what was obtained. 


(C) Gas in Suspension 


Either gas bubbles, the ones from the dissolved gas 
or the ones from the reaction gas, rise to the surface 
with a speed which is governed by Stokes’ Law. They 
are discharged if the progressing solidification does 
not entrap them, and this takes place at the second 
state of solidification. In addition to this, one has in 
the light alloys the phenomenon that the escape of 
the hydrogen bubbles is inhibited by “‘films’’ of alum- 
ina which float in the metal.* 

Masing now found that a treatment of Y-alloy with 
ZnCl, is effective (0.5 per cent of it), whereas MgClo, 
CaCl, and NH,CI show no effects. If ZnCl, is thrown 
in as one big lump, a rapid reaction occurs with lots 
of gas bubbles rising, which explode upon contact 
with air. A dry skin is formed, consisting of AICl, 
and ZnO, which is easy to skin off. 


ESTIMATION OF THE BLOWHOLINESS (Ability to 
get blowhoies). 


EXPERIMENT OF SOLIDIFICATION IN VACUO OR 
SPROUTING (INCUBATION) IN VACUO** 


Advantages and Critigque—To find out how much 
a given metal is inclined to form blowholes one 
must produce, in agreement with the principles which 
we have stressed repeatedly (e.g. Fonderie, Feb. 1951, 
no. 62, p. 2347) the causes in an exaggerated way. In 
the case on hand we exaggerate the conditions by low- 
ering the external pressure—and one may simultane- 
ously make use of an agitation by ultrasonic or an 
electromagnetic means. This causes gas development. 
The amount of gas developed increases, being always 


proportional to \/p. Its volume increases too, being 
inversely proportional to the pressure (Mariotte’s 
Law). 

To do this one pours a sample of the liquid metal 
into a crucible which is placed into an inclosed space 
which is now evacuated (this accounts for the name: 
bell experiment); Thus one has simultaneously low- 
ered the pressure and cooled to metal solidification. 
The result thereof is shown graphically in Fig. 13. 


* That these “films” really exist can be shown with X-ray 
pictures of aluminum alloys (thin slices thereof) containing 
lead globules. The alumina catches the lead globules like a net 
catches fish, and from the arrangement of the lead globules we 
conclude the presence of such an alumina net. The lead here of 
course takes the place of the hydrogen bubbles. 

Note: As the velocity with which the bubbles rise depends 
upon Stoke’s Law, and thus upon the temperature, the test 
which the distillers give to brandy for testing the alcohol proof 
(how long it takes shaken-in air bubbles to rise in the bottle) 
is of course nonsensical. 


** This experiment has sometimes been referred to, in the 
name of the apparatus used (bell experiment) and sometimes 
with the name of the inventor (Pfeiffer’s experiment). 
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If no gas develops, one obtains a little ingot, show- 
ing an external recession due to a funnel-shaped pipe. 
If gas develops (sprouting) the metallic mass will 
show blowholes and a more or less blisterly surface. 
The result is thus estimated by examining the total 
free surface and center cross-section (Fig. 14 and 15). 

This essentially qualitative result may be expressed 
in a quantitative way if the compactness index is de- 
rived from the apparent density (A. Portevin, Bull. 
A.T.F., vol. XI, p. 218, June 1937). A semi-quantita- 
tive evaluation is obtained if the size of the blow- 
holes in the central cross-section is measured with a 
planimeter. 

One thus may in addition to the two criteria (ap- 
pearance of the surface and examination of a cross- 
section) determine the apparent density, especially if 
the gas evolution is very weak. 

Applications of this work have been thoroughly 
studied (Fig. 14 and 15). 

This test is very simple and fast, and is well related 
to the phenomenon we are after. It shows us the de- 
fects i.e. blowholes which will result. 

There is some adverse criticism also, dealing with its 
value as a research tool: 

(1) A minor criticism is the one which objects that 
we have here simultaneously three kinetics: the kine- 
tics of gas development, the kinetics of cooling and 
the kinetics of expansion. 

(2) The temperature of the metal worked varies 
from surface to center and furthermore, the solidifica- 
tion progresses only from the walls towards the center 
with a simultaneous gaseous segregation. 
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(3) Furthermore the phenomenon might have to 
run a competition. If there are gaseous nuclei at the 
walls which were placed there by the steel when it 
was poured into the crucible, an objection voiced es- 
pecially by Moreau, (Bull. A.T.F., p. 446, 1936), that 
accelerates the gas development up to sprouting. 

It seems that the study of this phenomenon is re- 
lated again to the processes used for the study of other 
systems out of equilibrium, especially of the quenched 
states of steel: 

(a) The development of gas under isothermal con- 
ditions (crucible electrically heated) as a function of 
decreasing pressure. Y. Dardel devised this method to 
determine the pressure when the first bubbles would 
appear, at the surface of the metal, and thus he would 
draw conclusions about the amount of hydrogen con- 
tained in the aluminum. Dardel claims that there is 
no retardation of the gas development, as the small 
amount of alumina operates to initiate reaction and 
that the surface layer of alumina is impervious to the 
gas. 


























Example of the Moreau apparatus. The crucible is placed in 
a receptacle with lid and rubber gaskets; it is water cooled. The 
observations are down through a pyrex opening in the lid. 
The vacuum might be zero, i.e., no vacuum, in the case of cer 
tain stce's. 
One observes simultaneously the appearance of the surface 
(blown up or collapsed) and an ingot cross-section. 











B 
Very gassy metal, Gassy metal, Degassed metal, 
not killed. semi-killed killed pipe. 


Solidification under reduced pressure or sprouting experiment 
in vacuo. The pressure drop causes a gas discharge on account 
of the pressure drop proper and because of the agitation con- 
nected therewith; also the volume of blow holes becomes larger. 


Fig. 14—Measurement of the ability to form blowholes. 
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To appreciate how much gas was developed one may pho o- 
graph the ingot cross-section and measure the holes with a 
planimeter and thus determine the per cent cf the area cove) -d 
with gas. But one must also take into consideration the «is- 
tribution of the cavities. Thus from the two shown, ingot } is 
acceptable and 2 is not, the area covered with gas being equal 


1 2 


COMPARISON OF DIFFERENT METHODS OF PURIFICA- 

TION AND DEGASSING AT ALUMINUM FUSION (arTER 

J. CZOCHRALSKI AND K. MIGURSKA, POLISH FOUNDRY 
CONGRESS, 1938). 





Tensile Elonga- 


Treatment Porosity, % Density, Strength, tion 








Bell Test g/cm* R, Kg/mm* A%, 

Without Purification 18.1 2.656 12.5 1.1 

Slow Presolidification 14.6 2.743 13.7 1.2 

Kept Liquid for a While 11.0 2.747 10.7 1.3 
Kept Liquid for a While | 

(With Flux) 6.9 2.805 16.5 2.3 
Fusion with Flux* 2.2 2.831 17.1 3.0 , 

Chlorine Treatment 0 2.838 16.9 3.1 


* Fluxes were mixtures of fluorides and chlorides of K and 
Na. Analysis: Cl, 32; F, 11; K, 35-37; Na, 13-14; Al, 0-1. 





Fig. 15—Blow holes. Bell experiment. 


(b) Study of the gas development under isobaric 
conditions has been made at decreasing temperatures, 
namely the influence of the speed of cooling upon the | 
delay of the gas discharge. 

These studies would be achieved by an examination 
of the role of stirring and of the role of pre-existing 
gaseous nuclei. This might conceivably lead to a 
study of the relaxation times under isotherm and iso- 
bar conditions; to the study of nuclei and the surface 
tension. 

As a special case, we have the case where the outer 
pressure is atmospheric, and the discharge of gas at 
solidification, no matter if reaction gas or dissolved 
gas, is sufficient to produce violent gassing or at least 
is clearly visible. Therefore it is used in the control 
tests for the killing of steel (of the Brinell types), it 
is used in the foundry before teeming (an examina- 
tion of the free surface suffices). The same applies to 
the test by Gurtler for alpax. He prepares a test cast- 
ing which has the form of a disk in a thick electrolytic | 
carbon mold, which is heated to 100 to 200 C (212 to 
392 F) (Fig. 16 and I6a). The test has even been used 
for aluminum by observing the surface of a specimen 
similar in shape to the one used by Gurtler. The 
diameter of the blistered part of surface is measured. 
The less the diameter, the less gas there is as the vigor- 
ous gas development starts only when the pressure of 
gas in the central liquid region reaches the atmo- 
spheric pressure, during solidification. 


General Character of Blowholes 


(1) Blowholes of external origin (exogenous blow- 
holes), appear at oxidized surfaces, and are sometimes 
of very irregular shape, because the gas had to fight 
its way through the metal in course of solidification. 
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TEST PIECES FROM TEEMING 

In the mold shown consisting of electrode carbon, heated to 
100-200 C, one teems about 100 g of metal; the surface is ob- 
served after solidification. Small bubbles, i.e. the discharged 
gases, lift up the thin oxide layer at the surface and give rise to 
growths giving the impression of craters the size of pin heads. 
According to the number thereof one evaluated the gas content 
evolved by assigning a value of | to 5. 
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Left to cool at 750 C in a neutral atmosphere, the Al con 
taining H loses it slowly giving the broken curve shown; it is 
in agreement with the logarithmic growth of the compactness 
derived frcm the apparent density from the Boulon test sample. 

Relation between test piece classification and specific gravity. 

The Boulon Test Piece has a cylindrical shape, is teemed hori- 
zontally and carries a feeder at one end, large or small. A round 
piece is cut out from a spot in one-third of the length of the 
sample and x-ray inspected. Results are given the number | 
to 5. With but little gas, the feeders show large blowholes; for 
much gas they show very fine blow holes in great number. 


Fig. 16—Test pieces used for Alpax (G. Turtler, 1938). 


One pays attention in this case to slivers, lamina- 
tions, etc. (in the casting there are scabs); was it a 
big-end-up or a big-end-down mold, etc. 

(2) Naturally occurring blowholes (endogenous 
ones): The walls of the ingot are as a rule shiny, they 
look satisfactory only sometimes there is blistering at 
the surface. These blowholes are sometimes arranged 
in a regular pattern. They are round or egg-shaped 
or even like a flattened out pear (Fig. 17) in the peri- 
pheral regions of the parallel crystallization. The 
larger blowholes have occasionally dendritic outcrops 
on their surface. 

While the shape of the pipe may be deduced from 
the form and the distribution of the isotherms to- 
gether with the action of gravity (their position agrees 
with the last zone of solidification R, Fig. 18), the form 
of the blowholes depends upon the surface tension, 
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Fig. 17 


because these are gas bubbles with a total curvature 
of 1/R + 1/R’ which is constant.* The distribution 
of the blowholes is in relation to the shape of the iso- 





“In a free gas bubble, the pressure p = A (1/R + 1/R4, ie. 
the total curvature is a constant. 
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therms (S, Fig. 18) because their formation depends 
upon the saturation of the residual liquid, i.e. upon 
the segregation phenomena (isochemical surfaces). 





Fig. 18 
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In the case of a cylinder we can always clearly dif- 
ferentiate between pipe and blowholes; but should 
the gas discharge take place at the end of the solidifi- 
cation period, the blowholes and the pipe would co- 
incide. For both pipe and blowholes one must say 
that they are always somewhat out of shape, because 
crystallization at their walls always gives them a some- 
what irregular outline. 

Now talking of microblowholes and micropipes 
(microshrinkages), the difference becomes still more 
obscured. But at least for cast steel one can distin- 
guish between these two kinds of cavities because: 

(a) the micropipes have a very irregular shape; in 
their inside one finds dendritic outcrops; 

(b) the microblowholes are of a somewhat rounded 
form; sometimes there is a striation at their walls. 

Generally they are both interdendritic or intercrys- 
talline, the micropipes being enclosed by crystals and 
the microblowholes, being round at the beginning and 
becoming deformed with the crystalline solidification. 
Therefore their shapes and distributions are similar. 
Ignoring the origin of these defects, it is wiser to apply 
a name which covers both: namely porosity. 

The shape of the blowholes depends upon the gas 
content and upon the solidification structure. 

Thus according to Gurtler 1938, for the alpax alloy 
(Fig. 19), one finds: 

(a) if there are many primary crystals, the jagged 
cavities are located between the primary dendrites; 





Fig. 19 
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(b) if there is quite an amount of eutectic, the blo v- 
holes are spherical. 

At high gas contents, the gas pressure becomes tie 
dominant factor, round pits are in this case also 
formed in hypo-eutectic alloys. 

In aluminum alloys the pits of gas-rich alloys are «|- 
ways rounder than the ones of low gas content. It is 
probable that there is a series of intermediate ste)s 
starting with a micropipe and ending up with an in- 
terdendritic blowhole, if the amount of gas in thie 
liquid metal rises or if the pressure during the solidiii- 
cation drops. The empty micropipe draws the gas in, 
if there is just a little of it. If there is much gas, 
bubbles form of a more rounded shape, and they rise 
to the top before the micropipes are even created* 

The empty micropipes appeal to the oxidizing gases 
(or to sulphurizing ones, like reaction SO,), and the 
microcavity is covered by an oxide film which in the 
case of copper alloys furnishes a darkened color which 
appears in the fracture (that is what Bolton and Vei- 
gand call “incipient shrinkage”). 

In each case the porosity is apparent from a deter- 
mination of the apparent density (see A. Portevin, 
Bull. A.T.F., vol. XI, p. 218, June 1937). 


Eliminating Naturally-Occurring Blowholes 


First of all it is necessary to avoid any absorption of 
gas after the metal has once been heated to the liquid 
state, and this depends greatly on the nature of the gas 
(mostly CO, COs, O, N, H»O, H, CHy, C,H,,, COz) 
and upon the temperature of the metal, upon the sur- 
face, and the length cf the contact. 

If we scrutinize the gases with which a metal may 
come in contact at the ordinary industrial smelters, 
we find: 

(a) every metal absorbs hydrogen, which gives rise 
to blowholes due to dissolved gas; 

(b) oxygen and the oxidized gases (CO., CO, SOz) 
furnish oxides, and simultaneously they furnish sul- 
phides and carbides; thus these blowholes are always 
due to reaction gases; 

(c) nitrogen is not absorbed by copper nor by alum- 
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Fig. 20 


*In the subdivided aluminum ingots, which are obtained by 
pouring in chills, the pits and the pipes are always in the upper 
part (Fig. 20). Thus if pouring is done in the “normal” posi- 
tion, thé constrictions along which the ingot shall be broken, 
are already preweakened, as compared to those of ingots cast in 
the B position, where the constructions contain good metal. 
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inuim at its melting point. Thus it may be used for 
dezassing by flushing. 

Cherefore Berbero (Milano Foundry Congress, 

:1) recommended a limit of 820 C (1475 F) when 

‘.elting aluminum and the avoidance of moisture in 
ihe heating gases (the example of aluminum was 
ited by Pontremoli, ibid) 

It is especially important to avoid melting pieces of 

ietal by means of a current of combustion gas going 
ight through the charge.* This happens sometimes 
n crucible melting of copper alloys if one uses a sink- 
head on top of the crucible; the foundryman fills both 
the crucible and the sinkhead at the same time, the 
liquid metal runs from the sinkhead into the crucibles 
and comes thus in coniact with the hot gases. The 
correct way to operate is first to melt the metal in the 
crucible, then push the metal from the sinkhead into 
the crucible as soon as it is red. 


The permeability of graphite crucibles permits gases 
to pass through in a highly superheated state. 

Finally the amount of gas picked up depends upon 
the length of time of the metal-atmosphere contact. 
Chis is true both for dissolved gases and for reaction 
gases like sulphur and oxygen compounds. Thus the 
speed of melting plays a role. Of course one always 
wishes to pour the liquid metal as soon as possible 
(see the example for bronzes by A. Brizon, below). 

The gas-metal contact may be prevented by the use 
of fluxes which must have an appropriate melting 
range and viscosity. 

A. Brizon (Bull, A.T.F., Jan. 1934, p. 7) has given 
a practical example which shows clearly the influence 
of this factor for bronzes cast in green sand and molten 
in crucibles of 75 kg. The crucibles were placed in a 
furnace under draught which was heated with coke. 
If the melting required over 40 to 45 min, then 80 to 
95 per cent of the ingots were rejected on account of 
blowholes discovered when machining. Almost all of 
these were in the upper part of the castings. By re- 
ducing the melting time to 25 min and by pouring at 
a lower temperature, the defect was completely elim- 
inated. Thus it is obvious that the melting time must 
always be controlled. 

We can say that gas absorption by metals increases 
the rate of defect occurrences; because the more 
pieces that are defective, the more rejects must be 
recast. Thus the smooth operation of a foundry is 
interrupted. 

In addition to examining all the foundry factors 
(a general examination), we must make a special men- 
tion of: 


* In the case of aluminum one must avoid both hydrogen and 
water vapor; therefore one uses fuels which do not produce 
these gases. One also separates the combustion unit from the 
melting unit proper. But thus of course the thermal efficiency 
is reduced, therefore an attempt was made to reduce the solubil- 
ity of the gas in the metal by keeping the latter at a lower tem- 
perature (750 C, 1380 F). 

Metal from an electric furnace is much better, it contains less 
gas. 

Therefore in steel making one must take certain precautions 
such as drying the charges (also the hearth must be dry, as well 
as any added slags or other additions). One must watch carefully 
any cooling unit using water circulation. It is of special im- 
portance that limestone be replaced by flux, and that the ferro- 
silicon is heated prior to use. 






(1) Additions Which Act Either Upon the Dissolved 
Gases or Upon Gas-Producing Reactions. 


(a) action of deoxidizers (Si, Al, Ti) prohibiting 
the evolution of gas from steels. 

(b) additions which diminish the solubility or the 
absorption of the dissolved gas; that is why Mg, Zn 
and Ca is added to aluminum (Mg reduces CO and 
CO, at the melting point), and why Ca is added to 
magnesium (nitrite formation is avoided). 

In the case of the light alloys, their porosity, the 
size and shape of pits depend upon the alloy; therefore 
Budgen has arranged the alloys in a series, the porosity 
decreases in the series: 

(1) Y-alloy (4 Cu, 2 Ni, 1.5 Mg); (2) 12 and 8 Cu; 
(3) 13 Zn + 3 Cu; (4) 9 and 14 Si; (5) pure Al. 

(c) direct chemical action upon the dissolved gases. 

One should cite here the effect of oxidants (lead 
oxides) upon bronzes molten in reducing atmospheres. 
The Tullis process (see Rev. Met. XXVI a, 416, Sept. 
1929) devised for the elimination of hydrogen by 
chlorine; chlorine is passed for a few minutes through 
molten aluminum alloys.* 

Efforts have been made to replace chlorine by dis- 
sociable chlorides like ferric chloride, tin tetrachloride, 
titanium chloride, silicon tetrachloride, carbon tetra- 
chloride, and boron trichloride. The boron and titan- 
ium chlorides refine the grain of the metal (Rosen- 
hain, Grogan and Schofied, Institute of Metals, Sept. 
1930). 


(2) Physical Processes 


(a) Degassing of molten metal by mixing or stir- 
ring; for example: mechanical agitation of magnesium 
molten under hydregen; ladles and crucibles shaken 
with ultrasonics and with rotating motion; flushing 
with an inert gas of low solubility like nitrogen in 
the case of copper and in the case of aluminum which 
has absorbed hydrogen (the nitrogen is almost insol- 
uble in the aluminum and drives out the hydrogen 
which burns off at the surface of the molten metal) 
or like argon in the case of all the metals. It is ob- 
vious that the flushing gas must be completely dry, 
otherwise one simply adds fresh hydrogen to the solu- 
tion. 

(b) Degassing by slow cooling prior to pouring and 
even during solidification; for example: aluminum 
absorbs gas when superheated (1000 to 1500 C or 
1830 to 2730 F) to be able to decant sodium and get 
rid of gas inclusions from the electrolysis; if one cools 
slowly one notes at about 900 C or 1650 F a vivid gas 
development which causes the metal to foam; when 
the temperature of pouring is reached there will be 
no blowholes. Other examples: Degassing of copper 
containing hydrogen and sulphur dioxide by slow 
solidification (Pryterch, Inst. Metals, March 1930); 


*If degassing is done in aluminum by flushing, N and Cl, 
both act in the same way. They reduce the partial pressure of 
the hydrogen. One uses the gases which are most available. We 
might as well add that chlorine furnishes gaseous AICI], which 
acts in the same way. 

The action of zinc chloride and similar fluxing compounds 
must be explained as lowering the apparent viscosity of the 
metal, as Al,O, is dissolved. Thus the mechanical discharge of 
the suspended gases is facilitated. 
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Archbutt has devised a method of slow solidification 
applied to aluminum. The solidification takes place 
in crucibles, right after the solidification a rapid re- 
fusion takes place and the metal is teemed, thus it 
has no time to reabsorb too many detrimental gases. 

Presolidification in crucibles has also been applied 
to bronze; thus an improvement of the elongation has 
been obtained without increase in density. 

This explains why the second fusion may be done 
without superheating. 

(c) Finally fusion in vacuo and solidification under 
pressure, 

Fusion in high vacuum (1/100-1/1000 mm) at 1600 
C (2910 F) results, as Hochmann has shown for the 
case of high chromium steels (Thesis, Paris, 1950) in 
a notable reduction of the carbon content (0.03-0.003), 
of the oxygen (0.05 to 0.002), of the nitrogen (0.05 to 
0.005), but the hydrogen does not increase. Even on 
a laboratory scale, this physical process does not get 
rid of the hydrogen, but gives a good deoxidation 
(melting in the high vacuum in presence of carbides 
is the method for oxygen determination in steel and 
cast irons hence of total elimination of oxygen). 

(d) The speed of solidification opposes the dis- 
charge of gases and the formation of blowholes (not 
the difference of pin holes in aluminum teemed in 
chills and in sand), 

Blowholes may be mistaken for micropipes; both 
may occur side by side and success of a combating 
agent gives information on the reason for the defect. 
For example, aluminum and its alloys show pin holes, 
i.e., small cavities of varying shapes and dimensions, 
of 0.4 to 3 mm and more in diameter. One encoun- 
ters these especially in the thick parts of castings made 
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in sand, they hardly occur in pieces teemed in chills. 

Gases play a role in their production; this becomes 
obvious if teeming is done in vacuo: the gas bubble, 
now take up more space, and they disappear if solidifi 
cation is accomplished under elevated pressure. Bu 
the pipe plays a role too, because Budgen points ou 
that the fewer pinholes an ingot shows (vacuum treat 
ment, teeming in chills, teeming at low temperatures 
the more the surface pipe is pronounced. 


Influence of Metal Impurities 


Thus impurities in the metal may influence th 
formation of blowholes, and there are three kinds o! 
action to be distinguished: 

(1) The dissolved impurities may change the gas 
solubility; 

(2) The soluble impurities may extend conside1 
ably the solidification interval (in commercially pure 
aluminum the silicon and iron present as impurities 
cause already the binary and ternary eutectic, the 
gaseous impurities segregate and collect in the pon 
tions which remain liquid longest). 


(3) The non-dissolved impurities or inclusions may 
act as nuclei for the formation of blowholes, i.e. gas 
bubbles are thus formed in a liquid which is already 
supersaturated with respect to gas. 

In closing we wish to point out that the facts given 
and the principles enumerated here are known to the 
stee] producer and to the metallurgist, especially those 
working in the fields of iron and copper. But the 
foundryman lacks this information, and therefore we 
have presented these things here in the hope they 
might be helpful. 























A STUDY OF THE PRINCIPLES OF GATING 


AS APPLIED TO SPRUE-BASE DESIGN 


By 


K. Grube, J. G. Kura, and J. H. Jackson* 


introduction 


This is the third of a series of papers describing 
che results of an extensive research program on the 
principles of gating. The research was sponsored at 
Battelle Memorial Institute by the Research Com- 
mittee of the Aluminum and Magnesium Division of 
the American Foundrymen’s Society. Battelle con- 
tributed some financial assistance to the program. 

Two previous papers!* contained the results of 
research on pouring methods, design of the pouring 
basin, sprue, runners, and gates. In the second paper,” 
an optimum design of sprue and gating system was 
described. It was indicated, however, that these 
gating systems employing a wedge in the runner 
at the base of the sprue or restrictions in the runners 
at each side of the sprue operated favorably only with 
certain specific geometries of runners and gates. This 
led to the present work which was a study to develop 
a gating system applicable to a wide range of runner 
and gate geometries. 

As in the previous studies, this investigation was 
conducted by pouring water in a transparent mold 
and recording the flow by means of high-speed photog- 
raphy. Entrainment of air in the water was indicative 
of dross formation during the pouring of molten 
metal. 

In the present work, emphasis was placed on the 
investigation of the. design of the sprue base and 
the effect of various gating ratios on casting quality. 
The results described herein were also used to prepare 
a color motion-picture film which was exhibited at 
the 1952 A.F.S. Convention. 


‘ 


* Research Engineer, Assistant Supervisor, and Supervisor, re- 
spectively, Battelle Memorial Institute, Columbus, Ohio. 


This is the third progress report on a research project con- 
ducted at Batteile Memorial Institute, initiated and sponsored 
by the Aluminum and Magnesium Division of the A.F.S. with 
some financial assistance of Battelle Memorial Institute. The 
project was under the general guidance of the Research Com- 
mittee of the Aluminum and Magnesium Division which con- 
sisted of the following members: R. F. Thomson, Chairman; 
W. Bonsack, Co-Chairman; W. J. Klayer, C. E. Nelson, T. D 
Stay and W. E. Sicha. 
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Experimental Method 


A drawing of a Lucite model prepared for the 
study of the sprue-base problem is shown in Fig. 1. 
The model represents an end section of a mold which 
contained the sprue and runner. For experimental 
purposes, it was termed an end runner and consisted 
of a cope section and a drag section. The cope was 
machined to accommodate any one of four sprues 
that were used in the investigation. Gate cavities 
were machined in the ends of the cope section. 

The drag portion of the model contained a runner 
cavity 2 in. wide and 2 in. deep. The central portion 
of the runner was machined to 214 in. in diameter. 
Because the sprue opening was centrally located in 
the cope to provide a two-runner system, blocking 
off one-half of the runner cavity at the sprue per- 
mitted the investigation of a one-runner system with 
the same model. The major emphasis, however, was 
placed on the two-runner system. 

Using various Lucite inserts, 17 different geometric 
combinations were available in the runner. Four 
round, tapered sprues having a bottom cross-sectional 
area of 3%, 14, 3%, and 11% sq. in. were employed. 
The condition of the runner under the sprue could 





Fig. 1—Exploded drawing of Lucite sprue-base model. 














After 1 sec—Note severe turbulence. 





After 15 sec-—_Note continuous aspiration of air bubbles. 


Fig. 3—Turbulence and aspiration in inverted-T sprue 
base with a wide, shallow runner. (Runner 11/2 in. wide 
by 1 in deep. Gating ratio 1:4:4.) 


be changed to produce enlargements of different di- 
ameters, and wells of various depths could be formed 
directly beneath the sprue. Although a wide range 
of gating ratios was available with this model, the 
major portion of the investigation was confined to 
sprue-to-runner-to-gate ratios within the limits of 1:2:2 
and 1:6:6. 

End plates containing an opening to simulate the 
cross-section of the gates were attached to ends of the 
assembled model. The opening in the end plates was 
located above the parting line. Thus, the gate in 
the cope was fed by the runner in the drag. To study 
the effect of back-pressure on the condition of the 
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Fig. 2—Drawing illustrating inverted-T sprue-base design. 
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After 1 sec—Note severe turbulence. 


















After 15 sec—Note localized turbulence. Aspiration was 
inlermittent. 
Fig. 4—Turbulence in inverted-T sprue-base with narrow, 
deep runner. (Runner 1 in. wide by 11/2 in. deep. Gating 
ratio 1:4:4.) 


runner, the end plates were eliminated and in their 
place drain pipes turned upward were employed. The 
height of the discharge pipe controlled the degree 
of back-pressure on the system. 


Sprue-Base Designs in Two-Runner System 


The Inverted “T”’— The inverted “T” design of 
sprue base illustrated in Fig. 2 was investigated for 
all of the runner geometries. This is a common type 
used in the foundry and is easily made with the or- 
dinary type of sprue cutter. 

In the laboratory tests, aspiration of air through 
the cope side of the runners was very severe with this 














Fig. 5—Drawing of enlargement type of sprue-base design. 
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After 1 sec—Note severe turbulence. 


After 5 sec—Note severe turbulence is still present. 


Fig. 6—Turbulence at enlargement of a wide, shallow 
runner. (Runner 1 in. wide by 1 in. deep. Gating ratio 
1:4:4.) 


sprue-base design. This was attributed partially to 
the fact that the liquid emerging from the sprue 
entered the flow channel at its highest velocity. In 
36 of 45 runner and sprue combinations investigated, 
aspiration and turbulence occurred with this sprue- 
base design. In the other nine combinations, aspira- 
tion did not occur, but long periods of time were 


*The action pictures were taken by means of a Kenny 
Speedlight and a Speed Graphic camera. Exposures of 1/6000 
of a sccond were made after the lapse of one or more time 
intervals measured from the beginning of the pour. 

















F ig. 8—Drawing of well-type of sprue base design. 









After 1 sec—Note severe turbulence. 





After 5 sec—Turbulence eliminated. 


Fig. 7—Turbulence at enlargement of narrow, deep runner. 
(Runner 1 in. wide by 112 in. deep. Gating ratio 1:4:4.) 


required to wash the entrapped air out of the system. 
The data for these tests are presented in Table |. 
The action in the runner,* 1 and 15 sec after the 
beginning of the pour, is illustrated by Figs. 3 and 4. 
A wide, shallow runner was used in Fig. 3, and a 
narrow, deep runner was employed in Fig. 4, 








After 1 sec—No turbulence or aspiration. 


Fig. 9——-Elimination of turbulence by use of a well in a wide, 
shallow runner. (Well 34, in. deep, 2 in. diam; runner 1/2 


in. wide, 1 in. deep. Gating ratio 1:4:4.) 
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Tasie 1—EFFEctT OF INVERTED ““T”’ SPRUE-BASE DESIGN ON CLEAN-UP TIME IN A TwoO-RUNNER SYSTEM 
3%-Sq-In. Sprue 14-Sq-In. Sprue 34-Sq-In. Sprue 114-Sq In. Sprue 
Clean- Clean- Clean- Clean- 
Runner Up Up Up Up 
Dimensions, In. Gating Time, Gating Time, Gating Time, Gating Time, 
Width, Depth, Ratio Sec Ratio Sec Ratio Sec Ratio Sec 
Square Runner 
% %, 1:3:3 co _— — —_— — _ —_— 
1 1 1:5.3:5.3 rr) 1:4:4 x 1:2.7:2.7 ra) 1:1.8:1.8 20 
ly% 1% — — 1:9:9 75 1:6:6 © 1:4:4 20 
2 2 ~~ _ 1:16:16 35 1:10.7:10.7 00 1:7.1:7.1 2 
Wide, Shallow Runner 
1 % 1:4:4 10 1:3:3 ma) 1:2:2 co 1:1.3:1.3 oo 
1g %, a ae 1:4:4 55.5 ane an an sie 
1% 1 _ — 1:6:6 91 1:4:4 ie) ie ws A | Cs) 
2 1 — 1:8:8 re) 1:5.3:5.3 63 1:3.5:3.5 a) 
2 ly _ — o — — ~ 1:4:4 co 
2 1% — — 1:12:12 151 1:8:8 56 1:5.3:5.3 20 
Narrow, Deep Runner 
% 1 1:4:4 1:3:3 °o Ee ros) 1:1.3:13 3 
% 1% — 1:4:4 57 — — se ‘dies 
% 2 — 1:6:6 oo 1:4:4 ra) 1:2.7:2.7 rs) 
1 14% 1:8:8 a) 1:6:6 -) 1:4:4 co 8:27:27 rs) 
1 2 1:8:8 ra) 1:5.3:5.3 co 4:3.5:3.5 i) 
ly% 2 ui ne ie a me one 1:4:4 oe) 
ly 2 — — 1:12:12 oo 1:8:8 oo 1:5.3:5.3 co 





The second sprue-base design investigated was 
termed the enlargement. As illustrated in Fig. 5, the 
enlargement consisted merely of an expansion in the 


TaBLeE 2—EFFEcT OF ENLARGEMENT SPRUE-BASE DESIGN ON CLEAN-UP TIME IN A TWo-RUNNER SYSTEM 


The Enlargement 


area of the runner directly under the sprue. 

The earlier work? on the Lucite molds indicated 
that this sprue-base design was beneficial in reducing 
the amount of turbulence in the system. Conse- 





3%-Sq-In. Sprue 


Y4-Sq-In. Sprue 34-Sq-In. Sprue 


114-Sq-In. Sprue 

















Clean-up — 

Time, Sec 

Runner Di- Gating Clean-up Time, Sec Gating Clean-up Time, Sec Gating Clean-up Time, Sec Gating Diameter of 
mensions, In. Ratio Diam. of Enlargement Ratio Diam. of Enlargement Ratio Diam. of Enlargement Ratio Enlargement 
£4 s ¢ & 2 cE = gs E 
= ¥ Ss! x gSg- 4 »x Swzd4 sx w £ x 
= 8 ~ = nN 7 _~ = nN N - = w WN = wn AN 

Square’ Runner 
% %% %1:3:33 o 100 222 198 — — — — _ — a eae = es ee 
1 1 _-_ —_ — — — 1:44 — 67 223 65 %1:27:27 — — — ow 1:18:18 — — o@ 
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cuently, it was desirable to investigate this design 
ith a wide range of runner dimensions and shapes. 

Action pictures, taken at two different time in- 

rvals in both the wide, shallow runner and the 

urrow, deep runner, are illustrated in Figs, 6 and 7. 
The improvement effected by this design over the 
nverted “T” design is evident by comparing this 
roup of figures with Figs. 3 and 4. 

An attempt was made to correlate the diameter of 
he enlargement with the dimensions of the sprue 
and runner. For this purpose, those systems which 
ywroduced a satisfactorily short clean-up time were 
tabulated. The trend indicated by these data in 
Table 2 was that an enlargement with a diameter 
approximately 214 times the width of the runnen 
produced the shortest clean-up time in a narrow, deep 
runner. The sprue size did not affect this trend. 

With the enlargement, the wide, shallow runner 
was more prone to aspirate than the narrow, deep 
runner. In a large number of tests, the enlargement 
appeared to be an effective design for reducing tur- 
bulence under the sprue and for preventing aspiration 
of air or mold gases. Its effectiveness, however, was 
restricted to a narrow, deep runner or a square run- 
ner. Because it was not universally applicable to all 
runner shapes and gating ratios, effort was directed 
to the study of the third sprue-base design, i.e., the 
well. 


The Well 


The schematic drawing in Fig. 8 illustrates a sprue- 
base design employing a well. As implied by the 
term, the well consisted of a sump located directly 
beneath the sprue and extending below the level of 
the runner. Some earlier work! had been done with 
a well which showed that it was a faulty design. A 
long clean-up period was experienced during pouring 
because the sprue was projected into the well. In the 
present work, no such extension of the sprue was 
used, 
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After 1 sec—Note slight turbulence. 





After 2 sec—Note minimum turbulence. 


Fig. 10—Elimination of turbulence by use of a well in a 
narrow, deep runner. (Well 1 in. deep, 2'/2 in. diam; run- 
ner 1 in. wide, 1 ¥2 in. deep. Gating ratio 1:4:4.) 


The optimum well dimension was determined for 
a large number of runner combinations, using the 


TABLE 3—-WELL DIMENSIONS PRODUCING THE SHORTEST CLEAN-UP TIME IN A TwWO-RUNNER SYSTEM 
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Fig. 11—Effect of sprue-base design on rate of flow in 
wide, shallow runner (gating ratio 1:4:4.) 


four different sizes of sprues. These data are sum- 


marized in Table 3. 

The clean-up time obtained with the well having 
optimum diameter and depth ranged from 1 to 3 
seconds. It must be remembered that during this 
investigation there was no mold attached to the run- 
ner. Consequently, very little back-pressure was ex- 
erted on the system. Undoubtedly, back-pressure 
created by an attached mold would have reduced these 
clean-up times to a significantly lower value. 

The photographs in Figs. 9 and 10 show the action 
in the well when used with the wide, shallow runner 
and the narrow, deep runner. Note that a well func- 
tions satisfactorily in both types of runners. 

From the data in Table 3, there appeared to be 
an empirical relationship between the dimensions of 
the well and the area of the spruc. An examination 
of the data showed that the area of the well should 
be about five times the area of the sprue, and the 
depth of the well should be about equal to that of 
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Fig. 12—Relationship between sprue size and clean-up 
time for various gating ratios in a two-runner system em- 
ploying a well under the sprue. 


the runner. The data obtained on the effect of various 
depths and diameters of wells are recorded in Table 
A of the Appendix. 

The use of a well or a sump is not new to the 
foundry industry. The well has been employed by a 
number of investigators? as a means of providing 
a steady flow of molten metal to a fluidity spiral cast- 
ing. The magnesium foundries have recently adopted 
a well at the base of the sprue as a place in which 
to place screens that are employed in the gating sys- 
tem. In the present investigation, the well produced 
a flow pattern which markedly reduced turbulence. 
Thus, clean-up of the system was effected in a very 
short time period for a large variety of runner and 
gate geometries. 

As a result of this investigation, it was learned that 
a well under the sprue will (1) prevent aspiration of 
air into the liquid, (2) reduce the clean-up time to 
a reasonably low value, and (3) function in a wide 
range of runner geometries and sprue sizes. The only 


TABLE 4—EFFECT OF INVERTED ““T” SPRUE-BASE DESIGN ON CLEAN-UP TIME IN A ONE-RUNNER SYSTEM 
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exception when the well failed to clean up the system 
of entrapped air was when large gating ratios were 
employed with the 114-sq-in. sprue. However, limi- 
tations of equipment precluded the use of a well 
larger than 214 in. in diameter. It may be possible 
that a well of larger diameter than 214 in. would have 
resulted in a satisfactory clean-up time with the larger 
gating ratios and larger sprue. 

A comparison of the effect of the various sprue- 
base designs on the rate of flow is shown graphically 
in Fig. 11. It is interesting to observe that the well 
did not appreciably retard the rate of flow beyond 
that effected by the enlargement. The effectiveness 
of the well in reducing turbulence and the time re- 
quired to wash out entrapped air bubbles must be 
attributed to some factor such as a positive flow pat- 
tern. 

The plot shown in Fig. 12 was prepared by averag- 
ing the data obtained for the various types of run- 
ners with the optimum well dimensions. The data 
plotted for each of the four different sprue sizes in- 
dicate a small gating ratio with a small sprue is 
desirable if the shortest clean-up time is to be real- 
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ized. However, a gating ratio of the order of 1:4:4 
is recommended to minimize turbulence in the mold 
cavity. ‘ 


Three Sprue-Base Designs in Single-Runner System 


A limited amount of effort was spent in investi- 
gating the effect of the various sprue-base designs in 
a single-runner system. A single runner was obtained 
by blocking off one-half of the system in the model 
shown in Fig. 1. 

The inverted “T” design, which was very unsatis- 
factory in the two-runncr system, was less prone to 
turbulence and aspiration in the single-runner sys- 
tem. Of 35 combinations of runners and sprues, only 
18 aspirated air. These data are shown in Table 4. 

As in the two-runner system, enlarging the runner 
under the sprue was most beneficial in the narrow, 
deep runner. The enlarged zone in the wide, shallow 
runner had a tendency to aspirate air into the system. 
The limited data presented in Table 5 on the effect 
of the diameter of the enlargement on the time re- 
quired to wash out the entrapped air did not permit 
any recommendation to be made as to the optimum 


TABLE 5—EFFECT OF ENLARGEMENT SPRUE-BASE DESIGN ON CLEAN-UP TIME IN A ONE-RUNNER SYSTEM 
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Fig. 13—Effect of back pressure on flow rate and clean-up 
time. A 1:4:4 geometry used for each sprue. 


diameter. However, there appeared to be an indi- 
cation that the diameter of the enlargement should 
not be greater than two times the width of the runner. 

The use of the well in the wide, shallow runner 
substantially reduced the time to wash out the en- 
trapped air. The well was most beneficial in those 
geometries susceptible to aspifation. Besides prevent- 
ing aspiration, clean-up time was held to a low value. 

The data for those systems in which the well pro- 
duced a short clean-up time in the single-runner sys- 
tem were taken from Table B in the Appendix and 
summarized in Table 6. These data indicate that if 
a wide, shallow runner is used, then the well should 
have an area approximately five times that of the 
sprue. The depth of the well should be equal to that 
of.the runner. If a narrow, deep runner is employed, 
there is no advantage in using a well. In this latter 
type of runner, an enlargement with a diameter ap- 
proximately twice the width of the runner appeared 
to be satisfactory in obtaining the minimum clean-up 
time. 

The flow rates for the four sprues when employed 
with the three sprue-base designs are recorded in 
Table C of the Appendix. 


Back-Pressure and Sprue-Base Problem 


Prior to this time, very little attention was given 
to castings having much vertical height. Therefore, 
a few laboratory tests were conducted in which the 
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height of a theoretical casting was varied from 14 in 
to 6 in. The objective was to study the effect of back 
pressure, created by a casting, on aspiration in the 
runner. 

Employing the sprue-base model shown in Fig. |, 
a few changes were made in the discharge end of the 
runners. The Lucite end plates were eliminated and 
in their place a right-angle drain pipe was attached 
with its open end up. Circular pieces attached at 
the desired level inside the drain pipe established the 
height of the casting. 

Because the inverted “TI” design was the most 
susceptible to aspiration, it was selected for evaluating 
the effect of back-pressure on the runner system, This 
design was employed in a narrow, deep runner with 
three different sizes of sprues. A sprue-to-runner-to 
gate ratio of 1:4:4 was maintained for all tests. 

As in all of the previous experiments, a total sprue 
height of 7 in. and a head of 2 in. in the pouring 
box were maintained in each test. Thus, as the height 
of the casting increased, the difference between the 
height of the sprue and that of the casting decreased. 

The chart in Fig. 15 shows that, as the height of 
the casting increased, the degree of aspiration de- 
creased and the clean-up time was reduced. In spite 
of the decrease in velocity of the liquid as the casting 
height increased, the minimum time required to clean 
up the system of entrapped air was entirely too long 
when the inverted “T” sprue-base design was em- 
ployed. For example, a clean-up period of 6 seconds 
was obtained when pouring a 6-in. high casting with 
a l4-sq-in. sprue. In this time period, 24 lb of alumi- 
num would have passed through the system and the 
casting probably would have been severely contami- 
nated with this damaged metal. 
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Fig. 14—Radiograph showing function of a vertical screen 
in runner. Black streaks on sprue side of screen are steel 
wool. 
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inasmuch as the tendency toward aspiration and 
ihe clean-up time were reduced as a result of back- 
pressure created by a vertical casting, it may be 
assumed that clean-up times tabulated in this paper 
for the systems employing an enlargement or well 
would also be reduced considerably by this back- 
pressure effect. 


Use of Screens in the Gating System 


It is common practice in the light-alloy foundrics 
to employ screens in the gating system for the purpose 
of holding back dross particles. Some of the methods 
of placing the screens are as follows: 

1. A cylindrical screen placed in a well at the base 
of the sprue, the diameter of the screen being less 
than the diameter of the well. 

2. A vertical screen placed across the runner at 
some location between the sprue and the first gate. 

3. A horizontal screen placed at the parting line 
of the cope and drag. To employ this type of screen, 
the gates and a portion of the runner are placed in 
the cope. 

Portions of runners containing screens were ob- 
tained from commercial castings. Radiographs were 
made of sections taken from these runners to examine 
the effectiveness of the screens. 

The radiograph in Fig. 14 reveals the condition 
that existed when a vertical screen was used in the 
runner. Delineation of dross was not clear enough to 
draw a conclusion as to whether or not dross was 
formed and that it was trapped by the screen. 

Large quantities of dross were contained within 
the cylindrical screen in the well illustrated in Fig. 
15. The sprue, which was removed before radio- 
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Fig. 15—-Radiograph illustrating effectiveness of cylindri- 
cal screen placed in a well under sprue. Black streaks 
inside the screen are steel wool. 









A—Tapered sprue with 
large end up. 


B—Tapered sprue with 
large end down. 


Fig. 16—Radiograph showing effectiveness of a screen in 
removing oxides from metal poured with (A) good gating 
practice, and (B) poor gating practice. 


graphing, was directly over the center of the well. 
The runners had been attached to the top of the 
well. Thus, all of the metal had to pass through the 
cylindrical screen before entering the runner. It may 
be concluded from Fig. 15 that, if dross enters the 
system, it can be retained to some extent by the use 
of a screen, 

Foundry tests were made to determine the effective- 
ness of a screen when a good gating practice was 
changed merely by substituting a tapered sprue with 
its large end down for one with its large end up. A 
cylindrical screen was placed in a well at the base 
of the sprue of each sand mold. The molds were 
poured with an aluminum-10% magnesium alloy at 
approximately 1400 F. 

Radiographs taken on sections through the screens 
are illustrated in Fig. 16. No dross is evident in the 
radiograph in Fig. 16a, because a good sprue design 
was used. However, as would be expected, the re- 
versed tapered sprue promoted the formation of the 
dross which was trapped by the screen, as shown in 
Fig. 16b. These results indicate that*a screen is of 
value when the gating design is inferior. It should 
not be assumed, however, that screens are a good 
substitute for good gating practice, but rather that 
screens may be beneficial in supplementing good 
gating practice. 

Attempts were made to evaluate screens with the 
water-transparent-mold techniques. It became evident, 
however, that additional development work was re- 
quired before this approach could be used to yield 
information on how screens function. 


\ 


Conclusions 


Of the various types of sprue-base designs investi- 
gated, the well appeared to be universally applicable. 
Laboratory tests indicated that the well will prevent 
aspiration and provide a very low clean-up time for a 
wide range of gating ratios and runner shapes. This 
improvement in the condition at the base of the sprue 
was obtained without a marked reduction in the flow 
rate of the liquid, as compared with that effected by 
the enlargement type of sprue-base design. 
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APPENDIX 
Taste A—EFFECT OF WELL DIAMETER AND DEPTH ON CLEAN-UP TIME IN A Two-RUNNER SYSTEM 
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Tasie B—EFFectT OF WELL DIAMETER AND DEPTH ON CLEAN-UP TIME IN A ONE-RUNNER SYSTEM 
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Runner Well 
imensions, In. Depth, Gating Well Diameter Gating Well Diameter Gating Well Diameter 
Width Depth In. Ratio lIn. 14In, 2In. 214% In. Ratio lIn. 14In. 2In. 24% In. Ratio 1%In. 21n. 2 In. 
Square Runner 
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It appears that the minimum clean-up time was ob- 
tained when the well area was approximately five 
times that of the sprue, and its depth was equal to 
the depth of the runner. A smaller gating ratio, 1:4:4 
rather than 1:6:6, produced shorter clean-up times for 
a particular sprue size and a particular shape of the 
runner. For a given gating ratio, clean-up time was 
decreased by using smaller sprues in conjunction with 
a well at their base. 

The enlargement type of sprue-base design was effec- 
tive in preventing aspiration and reducing clean-up 
time in a narrow, deep runner. With this type of 
runner, the diameter of the enlargement should be 
about 214 times the width of the runner. In a square 
runner and wide, shallow runner, the enlargement 
usually resulted in a prolonged clean-up period and 
slight aspiration in some instances. 

The inverted “T” type of sprue-base design caused 
severe aspiration and turbulence in all runner shapes 


and gating ratios. This design also produced the high- 
est flow rates which probably intensified the undesir- 
able aspiration effect. 

The behavior of the three sprue-base designs was, 
in general, similar in both the single- and double- 
runner systems. 

Screens appeared to be beneficial in trapping dross 
particles that entered the gating system. However, 
screens cannot be recommended as a substitute for 
good gating practice. 
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INVESTIGATION 





OF HOT TEARS 


IN STEEL CASTINGS 





PART 1-TEST SPECIMEN FOR EVALUATING HOT TEARING IN STEEL CASTINGS 


Gordon W. Johnson* 


Foreword 

This report describes work carried out under spon- 
sorship of the Steel Research Committee+ of the 
American Foundrymen’s Society at the Armour Re- 
search Founda: . :, Burnside Steel Foundry, and the 
American Steel Foundries from May 28, 1948, to Feb- 
ruary 1, 1952. This report is in three parts. Part I 
was prepared by the Armour Research Foundation, 
Chicago; Part II by the American Steel Foundries, 
East Chicago, Ind.; and Part III by Burnside Steel 
Foundry Co., Chicago. The program objective has 
been to determine the influence of mold factors such 
as mold collapsibility, sand binders, hot strength, 
density, etc., on the development of hot tears in steel 
castings. 

The influence of these properties has been surmised 
through observations of castings made under indus- 
trial conditions, but too often the real cause of hot 
tears has been obscured by the multiplicity of factors 
involved. Therefore, it was obvious that if the in- 
fluence of only sand properties was to be satisfactorily 
investigated it would be essential that other contribut- 
ing factors be controlled. Of these other contributing 
factors, design of the test piece was the most signific- 
ant. Hence, the major portion of the program was 
devoted to the development of a suitable test casting 
whose hot tearing tendencies could be evaluated. 

Part I of this report outlines the work done during 
the development of such a test specimen and shows 
the various designs which were tried before a satis- 
factory method was evolved. Test data are presented, 
indicating the sensitivity and reproducibility of this 
specimen over a range of core sands varying in hot 
strength, collapsibility and density. 

The material presented in Part I will be divided, 


* Supervisor, Foundry Process Research, Armour Research 
Foundation, Chicago. 

+ Personnel of the Research Committee of the A.F.S. Steel 
Division consists of the following: 
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G. A. Lillieqvist, American Steel Foundries, East Chicago, Ind. 
C. H. Lorig, Battelle Memorial Institute, Columbus, Ohio 
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for the sake of clarity, into four “phases.” These 
phases are chronological in order, and represent time 
periods in which different specific approaches were 
made to the problem of the development of a satis- 
factory test specimen. 


Melting Practice 


Induction melted steel of a commercial grade was 
used for all the tests. Its composition fell within the 
following range. 

Carbon 0.20-0.25 pct 
Manganese 0.70-0.75 pet 
Silicon 0.30-0.35 pct 
Sulphur 0.02-0.03 pct 
Phosphorus 0.03-0.04 pct 


Deoxidation was accomplished with a 0.1 per cent 
aluminum addition followed by a 0.15 per cent cal- 
cium addition. Pouring temperature ranged between 
2940 and 2960 F. Temperature measurements were 
made with a Pt-Pt Rh immersion thermocouple. 


PHASE | 
A. Experimental Technique 


During the first phase of the work, extending from 
May 28, 1948 through June 1, 1948, experiments were 
made with various cylindrical specimens, as shown in 
Table 1. 


TABLE 1—DIMENSIONS OF CYLINDRICAL TEST SPECIMENS 








Inside Diameter, in. Wall Thickness, in. Height, in. 
3 V4 4 
3 Ye 4 
3 A 4 
. “4 4 
6 Vy 1 
6 4, 4 





The test mold with cores in position is shown in 
Fig. 1. The cope and drag assembly with the arrange- 
ment of full ring risers above each cylinder is shown 
in Fig. 2. Figures 3 and 4 show the runner arrange- 
ment before and after closing the mold. 

Each casting poured consisted of a nest of six rings, 
including one each of the rings described in Table 1; 

























































Fig. 1—Cylinder test casting mold in 


position. 


showing cores 


each ring had the same type core material, so com- 
parative results were obtained for various wall thick- 
nesses in two different ring diameters. In this manner 
it was hoped to establish an over-all relationship be- 
tween ring dimensions and tendency toward hot tear- 
ing. 

Three tests were made with each of six different 
core mixtures and poured as nearly the same as pos- 
sible. The six core mixes used are shown in Table 2. 
After pouring the castings were removed from the 
mold, sand blasted, and measured on the inside dia- 
meter to determine the change in size when made 
with different core mixes. The castings were then 
etched in hot hydrochloric acid before inspection for 
hot tears. 

B. Resul’s and Conclusions from Phase I Data 

Table 2 describes the various core mixtures studied 
in terms of their compositions, hot strengths, and the 
degree of tearing experienced with each mix. (De- 
gree of hot tear is expressed as the total length in 
inches of all the tears in the casting.) High tempera- 
ture strength determinations show a general trend 


Hor TEArs IN STEEL CASTINGS 


flour content. However, the inadequacy of any of 
the cylindrical test specimens to show this effect in 
terms of increased hot tear susceptibility is shown by 
an examination of the test data. Some variation in 
ring diameter occurred with various core mixtures, 
but no definite correlation was shown between change 
in diameter and hot tears which resulted. The hot 
tears were not confined to any specific sand mixtures 
or casting size. 

This inconsistency of results established beyond 
doubt the need for an improved test specimen hav- 
ing greater sensitivity and improved reproducibility. 


PHASE II 


A. Experimental Technique 

During the second phase of the investigation ex- 
tending from June 1, 1949 through February 10, 1950, 
a cylinder having a 6-in, inside diameter and Y-in. 
wall thickness was used. Figure 5 shows the design 
of the specimen. Each casting was made in an in- 
dividual green sand mold which contained the dry 
sand core. A metal flow-off on each of the four sides 
of the mold was employed to prevent any overhanging 
fins from forming around the riser of the casting. The 
single gate used previously was replaced by a series of 
eight 14-in. pencil gates spaced uniformly around the 
circumference of the cylinder. 

Since the primary purpose of this series was to de- 
termine reproducibility of the test specimen, only two 
sand mixtures were used and all variables such 
core densities, chemical analysis of the metal, and 
pouring temperature were closely controlled. 

All tests run at Armour Research Foundation were 
duplicated by the Burnside Steel Foundry Co., both 
organizations following a detailed outline of pro- 
coremaking, pouring 


as 


cedure relating to sand mixing 
and inspection. 


~»? 

































toward increased hot strength with increasing silica Fig. 2—Cylinder test casting mold showing full ring risers. 
TasBLE 2—CoreE MIXTURES AND DEGREE OF HoT TEARING 
Core Mixture, % Hot Strength, psi Length of Tear, in 

No.60 Silica Cereal Core 12min 12min 3xl/, 3x14 3x3, Gx, Gx 6x%, 

Code Sand Flour Binder Oil 2000F 2500F Cyl Cyl Cyl Cyl Cyl Cyl 

A 98 0 2 0 l 0 0 0 0 234 0 

B 83 15 2 0 2 24 0 0 0 0 0 
Cc 68 30 2 0 25 
D 97 2 l 
E 2 4 
F 2 7 
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The core sand mixture used for 





tained: 
No. 60 Sand, % - ae 
Silica Flour, % pea . 
Cereal Binder, ; : ] 
CN lige dine 0 Wig ne lace Gt ae l 
NN Sich Gad che Saacio aig ema larace 4 


, 
Each organization produced o4 cores, half of which 
were exchanged, so that four comparative sets of data 
were obtained: 
1) Burnside cores poured at Burnside. 
2) Burnside cores poured at Armour Research. 
3) Armour Research cores poured at Burnside. 
4) Armour Research cores poured at Armour 
Research. 
B. Results and Conclusions from Phase II Data 

A study of the results obtained from these four 
classes of data showed the following conditions to 
exist: 

1) Test castings poured at Burnside Steel, using 
their own cores, produced a range of tearing from 0 
to 914 in. 

2) These same cores poured at the Armour Re 
search Foundation produced a range of tearing from 
7% to 35% in. 

3) Test castings poured at Burnside Steel, using 
Armour Research Foundation cores, produced a range 
of tearing from | to 7/4 in. 

1) These same cores poured at Armour Research 
Foundation produced a range of tearing from 314 to 
9 in. 

Since considerable data concerning core density and 
pouring temperature had been accumulated during 





Fig. 3—Cylinder test casting mold showing runner slab 
before closing. 








these tests con- 









Fig. 4—Cylinder test casting mold ready for pouring show- 
ing gate runner system. 
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Fig. 5—Sketch of test specimen. 


the pouring of these four series of tests, an attempt 
was made to determine their eflect by plotting graphic- 
ally against degree of hot tearing. A summary of these 
results showed trends of general interest; for example, 
as core density was increased the degree of tearing 
also increased. However, the objective desired—a 
test specimen capable of yielding highly reproducible 
hot tears over a large range of cores-—was not at- 
tained. 


PHASE III 


A. Experimental Technique 
During the third phase of the investigation extend- 








Fig. 6—Exploded view of mold showing position of cylin- 
der cores (1), gates (2), runner system (3), and down- 
gate (4). 


ing from February 10, 1950 through August I, 1951, 
a cylindrical specimen 6 in. in diameter and with a 
3%-in. wall thickness was used. The length of the 
cylinder was increased from 4 in. to 6 in., and risering 
of the specimen was eliminated. These specimens 
were poured in pairs with the axis of the cylinder in 
a horizontal, rather than a vertical, position. Each 
specimen was bottom-gated through a single slot gate 
5 in. in length and 1% in. wide. By this method of 
gating it was possible to develop a continuous and 
highly localized hot band at the low point of the 
cylinder and diametrically opposite the coldest metal 
at the top of the mold. The down gate and runner 
system arrangement consisted of five cores plus a pour- 
ing cup shown in exploded view (Fig. 6) and com- 
pletely assembled (Fig. 7). This assembly was clamped 
in a fixture before pouring. 

The first series of tests with this new specimen 
was poured at the Armour Research Foundation. The 
one-piece cylinder core was rammed in a core box 
containing an insert plate designed so as to form the 
slot gate in the test core during ramming. Examina- 
tion of the data collected from these tests shows a 
rather wide range of hot-tear lengths obtained with 
each of the three core mixtures studied. 

It was subsequently determined during tests run 
at the American Steel Foundries that this effect was 
due to variations in slot gate width and that repro- 
ducibility of results was dependent to a great extent 
on the maintenance of accurate slot gate widths in 
all specimens. The Burnside Steel Foundry tests 
(described in Phase IV) were all run with slot gates 
machined to size after baking the core, and as a re- 
sult a greater accuracy of gate width, and consequently 
a narrower range of hot tear length, was obtained. 

Table 3 describes the three core mixtures used in 

the Phase III series of tests. 
‘ Forty-five cores were tested: three different batches 
of five from each of the three core mixes. Eight dif- 
ferent heats of metal were involved in the pouring of 
these specimens, 


B. Results and Conclusions from Phase III Data 
Table 4 describes the various tears obtained with 
each of the three types of core sand tested. 
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Core Mixtures Usep 1N PHase III 
TeEstT SERIES 


TABLE 3 















Core Mix A Core Mix B Core Mix C 





98.5 98 















Sand, No. 60, % 98 

Cereal Binder, % ] 1 1 
Core Oil, % l 0.5 0.5 
Kerosene, “% 0.25 0.25 0.25 
Moisture, % 4 4 4.5 
Wood Flicur, % —. — 0.5 


C 





















TaBLe 4—Core Mixtures AND Hor TEArs 
Core Mix A Core Mix B Core Mix (¢ 
1—6 in. hot tear 3—41% in. hot tears 5—3 in. hot tears 





2—51% in. hot tears 4—4 in. hot tears 8—21% in. hot tears 
8—5 in. hot tears 7—31% in. hot tears 2—2 in. hot tears 
3—414 in. hot tears 1—3 in. hot tear 

1—4 in. hot tear 



















Fig. 7—Assembled test casting mold ready for pouring 
casting. 


Thus, average tear lengths of 514 in., 334 in., and 
23/4, in. were obtained on the three core mixtures con- 
taining respectively 1 per cent core oil, 0.5 per cent 
core oil, and 0.5 per cent core oil with a 0.5 per cent 
wood flour addition. 


PHASE IV 


During the fourth and final phase of the investiga- 
tion extending from August 1, 1951 through Febru- 
ary 1, 1952, a final check on reproducibility and sensi- 
tivity of the new test specimen was undertaken by 
Burnside Steel Foundry. Eleven different types of 
core sand were studied and several hundred cylinders 
poured in a very thorough investigation of the speci- 
men’s characteristics. The effect on hot tearing of 
various width slot gates was studied, each sand mix- 
ture being evaluated for its hot tearing properties 
when gated with a l4-in., %¢-in., Y4-in. and 3%-in. 
slot. 
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PART II-EVALUATION OF HOT TEAR TEST CASTING 


G. A. Lillieqvist and J. H. Fuqua** 


ABSTRACT 

The casting used by the Armour Research Foundation was 
investigated at the American Steel Foundries Research Labora- 
tory to determine its sensitivity and reproducibility of results. 
It was found that the sensitivity of the casting wos dependent 
upon the width of the gate which varied from core to core due 
to the manner oj molding the gate and sagging of the relatively 
weak cores. The sagging can be overcome only by redesigning 
the core box. A change in the manner of molding the gate was 
tried at the Research Laboratory without success. 

The inherent reproducibility of the casting w7s dfficult to 
determine due to the variation introduced by the fluctuations 
in gate sizes. Included in the investigation were castings made 
with the same three core sand mixes that Armur Research used 
in evaluating the casting. While the Armour Research Founda- 
tion’s results were not reproduced within what might be termed 
“reasonable error,” the general trend for the strongest m xes to 
cause the largest tears was substantiated in our work as well as 
theirs. 

Recommendations have been made that chances be made in 
the pattern equipment and manner of producing the cores to 
overcome the variables mentioned. 


Object of the Investigation 


The object of this investigation was to determine 
whether the results obtained from the Armour Re- 
search Foundation hot tear test casting are reproduc- 
ible, and whether the casting has suitable sensitivity 
for evaluating the influence of various sand mixes on 
the occurrence of hot tears in steel. This work and 
similar studies to be carried on at the Burnside Steel 
Foundry are made to aid the Research Committee of 
the Steel Division of the American Foundrymen’s 
Society. 


Summary and Conclusions 


The casting designed and tested by the Armour 
Research Foundation for studying the influence of 
core mixes on hot tear occurrence in steel has been 
studied and evaluated at the Research Laboratory. 
The following results were obtained and conclusions 
drawn: 


1. Sensitivity 

To measure the sensitivity of the A.R.F. casting, 
core mixes were selected which when used with the 
A.S.F. Research Laboratory casting had evidenced 
varying degrees of influence on hot tear occurrence. 
These mixes were the regular No. 3 linoil mix, the 
No. 3 mix plus iron oxide, and the superset mix. The 
superset and iron oxide mixes were shown to have a 
hot tear rating number of | using the Research Lab- 
oratory’s RCT-4 14-in. wall thickness hot tear test 
casting. The No. 3 mix, our standard for compari- 
son, has an average rating of about 3, considerably 





* Research Director and ** Research Metallurgist, American 
Steel Foundries, East Chicago, Ind. 


more severe than the two other mixes. Results ob- 
tained using these mixes with the A.R.F. test casting 
indicated that the casting was exceedingly sensitive. 
Some castings from superset and iron oxide cores had 
tears as severe as some of the largest tears in castings 
made in No. 3 mix cores. Other castings from cores 
of each of the three mixes had only slight tears. These 
variations indicated that some variable other than the 
sand mix influenced the sensitivity. 


2. Pattern Equipment 
Considerable difficulty was encountered in remov- 


TABLE 5—ReEsutts oF Hot Trear CAstTINGs MADE 
Usinc Core Mrxes A, B, AND C RECOMMENDED BY 
ARMOUR RESEARCH FOUNDATION 




















No. of 
Heat Core Ccres Per Core Average Width 
No. Mix Casting No. of Gate,in. Size of Tear, in. 
7234 A 2 l 0.101 Igoxl 
A 5 0.103 Vox2 
A 2 3 0.082  Wyx2 
\ 7 0.105  Wgx3 
\ 2 2 0.094 yx 
A 4 0.125  %gox4 
\ 6 0.092 Slight indication 
\ 2 8 0.107 — Wyox24 
\ 2 9 0.115 x4 
A 10 0.097 Mox3 
7235 BI 2 l 0.088  WUyxl% 
BI 2 0.0838  Woxl% 
BI 2 0.088 lox5 
Bl 4 0.052 Misrun casting 
BI 2 6 0.043 Misrun casting 
BI 7 0.052  Yyxt4 
7252 B2 2 ] 0.105 1444x4 
B2 2 0.060 Indication 
B2 2 3 0.107 — Yqx214 
B2 5 0.114 — Vyox24 
B2 2 { 0.082  Y4xl 
B2 6 0.072 No tear 
7238 Cc 2 l 0.068 No tear 
C 6. 0.070 Misrun 
Cc 2 2 0.099 VYy4xl4 Erosion 
C x 0.113 No tear — Erosion 
Cc 2 t 0.080 No tear — Erosion 
Cc 5 0.077 No tear — Erosion 
Cc 2 7 0.069 No tear — Erosion 
Cc 9 0.066 Misrun 
TABLE 6—CHEMICAL ANALYSES OF HEATs 
Heat 
No. C Mn _ Si P S Special Deoxidizers, Ib/ton 
7234 025 0.65 0.41 0.014 0.031 31b Ca-Mn-Si+214 lb Al. 
7235 0.26 0.71 043 0.013 0.032 
7238 0.26 0.67 042 0.015 0.031 
7252 0.23 0.63 0.44 0.014 0.030 








ing the ccres for the cylindrical portion of the cast 
ing from the core box. Because of the thin outside 
wall of the core, those cores which were drawn suc- 
cessfully sagged at the gates. This was especially true 
of the weaker core mixes. Painting the pattern equip- 
ment and venting the box to prevent any partial vac- 
uum at the center of the cylindrical core box remed 
ied the drawing difficulties somewhat. Before using 
cores for investigation of reproducibility, the gate 
width of each core was measured with a feeler gauge 
to determine the effect of variations in gate size on 
the results. 


3. Reproducibility 
To determine whether the results obtained with 
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Fig. 8—Drag side of castings from No. 3 mix cores. Both 
castings were poured in the same gating system. Note 
d.fference in size of hot tears. 


this casting could be reproduced, three mixes (A, B 
and C) used by the Armour Research Foundation 
were used for making the cylinder cores. A.R.F. re- 


ported tears of an average size of %4, x 5 in. with 
“A”? mix castings, 14 x 4 in. with “B” mix castings, 
’ mix castings. Little varia- 


and 4, x 2 in. with “C’ 


Fig. 9—Drag side of castings from No. 3 mix cores made 

from the same batch of sand as those in Fig. 8. Castings 

were poured from same heat as in Fig. 8. Tears are all of 
different dimensions. 
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TABLE 7—SAND Mixes UsEp FoR ARMOUR RESEARCH 
Hor TEAR STupy 








Mix A Bl and B2 Cc 
Cereal Binder, % 1 l 1 
Core Oil, % ] 0.5 0.5 
Kerosene, % 0.25 0.25 0.25 
Wood Flour, % - — 0.5 
\FS-GFN 85 Ottawa washed 
and graded sand, % 98 98.5 98 
Mechanical Properties 

Moisture, % 4.0 4.2 4.7 4.3 
Green Permeability 
Green Compressive Strength, psi 0.98 0.87 1.0 0.91 
Baked Compressive Strength, psi 1660 842 1256 1674 
Baked Tensile Strength, psi 282.5 180.5 262.9 274.4 
Core Hardness Number 98.4 89 100 99 
Compressive Strength, 2500 F 

l-min heating interval 19.3 i363 75 8 

2-min heating interval 17.5 7 4 3.5 





tion was reported within castings from similar core 
mixes. Our investigation produced hot tears in cast- 
ings from “A” mix cores varying from minute cracks 
to tears 3%45 x 5 in. No two castings had tears of 
identical size whereas Armour reported 8 of 15 cast- 
ings had tears %, x 5 in. with this mix. “B” mix 
castings varied from slight indications of tears to 44» 
x 5 in., while the majority of castings from “C” mix 
cores had no tears. The same trend for the A, B and 
C mixes to produce progressively fewer tears was in- 
dicated from our results. The magnitude in the case 
of each mix was much smaller. Therefore, a correct 
indication of the effect of core mixes was obtained. 
Satisfactory reproducibility from castings made in 
cores of similar composition was not obtained. 


4. Effect of Gate Thickness on Sensitivity 

Variation in gate thickness due to design and sag- 
ging of the cores was found to have a considerable 
influence on the severity of the hot tears. The gate 
size of the pattern was 0.0934 in. in width. (This 
necessitated metal temperatures above 2900 F to avert 


Fig. 10—-Cylinder cores showing location of gate and vari- 
ation in dimensions of gate. In considering gate size, thick- 
nesses at three noted locations were measured with a feeler 
gage and averaged. Because of insufficient draft, the inside 
core was always raised somewhat about the outside walls, 
and had to be ground flush with outer walls. 
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TABLE 8 COMPARISON BETWEEN A.R.F. RESULTS WITH 
A, B, ANp C SAND MIXES AND THOSE OBTAINED AT 
A.S.F. RESEARCH LABORATORY 





Armour Research Foundation Research Laboratory 


Core Mix A 
in. in. in. in. 
1 tear 14 wide, 6 long. 1 tear #4 wide, 4 long. 
1" y%” BK” 1”Y%” 4 a 
I Me 5V%e I Ne 3 
oS " hs 5 l Igo 3 
3 ” Be ee. | Vie l Igo 24 
I 46 4 + I i 
I yo " 1% 
l Mm, “2% ”. 
l ml 2 pe 
1—Minute tears. 
Core Mix B 
1 tear 4g in. wide, 414 in. long. | tear 14. in. wide, 5 in. long 
- 2. *" er” §”* Bee. * 2m 
4 "< Siow fe * 1 goin. " Iyin. 
7 = * Se.” (Ut y%,in. "” 4 = in. 
| 14g in. ai: 2 ee 14 in. " 24% in. 
l Wy,in. ” Iyin. 
l oS eee 
l Yy,in,  ” 14 in. 
1—Minute tears. 
I—No tears. 
Core Mix C 
5 tear 4, in. wide, 3 in. long. | tear 14,4 in. wide, 2 in. long 
7° Yots. ” 214 in. 5—No tears. 
uss °' “Ties Oey? 
] Igoin. " 2 in. 
1—No tear. 





freezing off before completely filling the mold.) Be- 
cause of oscillation of the gate pattern upon removal 
and sagging of green cores, the gates varied from 
0.043 to 0.125 in. in width. Figure 7 indicates quite 
clearly that the area of the hot tear increased as the 
width of the gate increased. It also explains why the 
weaker mixes in some cases produced tears as large 


as the strong mix. 
Recommendations 


The results of this investigation suggest that the 
casting is potentially suitable for hot tear investiga- 
tion pending changes in pattern equipment and mold- 
ing methods. The following recommendations are 
offered: 

1. It is recommended that an entire new core box 
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be constructed for the cylinder core. Walls of suf- 
ficient thickness to overcome sagging should be in- 
corporated into the core desigr. The draft on the 
core box should be increased to permit easier removal 
of the core. The core box should be made of a 
sturdier material to make it more rigid during mold- 
ing and removal of cores. 

2. Since the gate has a controlling influence on 
the degree of hot tear resulting in the casting, a more 
suitable method than that used at present is recom- 
mended for producing the gate in the core. It is also 
recommended that this gate be widened somewhat to 
allow castings to be poured at a lower temperature 
than the approximate 2925 F mold entering tem- 
perature used in this investigation. It is doubtful 
that such high temperature metal will be available 
in case it is desired to pour this casting from a pro- 
duction heat. 

3. A standard procedure for ramming cores should 
be established to overcome possible variations in den- 
sity from core to core. 

4. Core prints should be incorporated into the gate 
and runner system to assure accurate alignment of 
the various parts of the mold. 


Details of the Investigation 


The pattern equipment for making the cores used 
in this investigation was obtained from the Armour 
Research Foundation. The cylindrical cores were 
rammed with a jolt-rollover-draw machine. Because 
of the difficulty encountered in drawing the cores, the 
maximum number of jolts used was severely limited. 
By sanding and repainting the core box, it was pos- 
sible to jolt the cores 20 times and draw them some- 
what satisfactorily. A standard method was set up 
of covering the core with a 4-in. head of sand, placing 
a 30-lb weight on top and jolting 20 times. Some 


Fig. 11—Castings made from Mix A showing effect of gate 
thickness on the size of hot tear. Gate thickness is marked 
on outer wall of casting. 
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Fig. 12—Effect of gate thickness of Armour Research test 
casting on hot tear sensitivity of casting using Mixes A 
and B. 


of the variation between our results and those of 
Armour Research may be attributed to differences 
in ramming techniques. 

Table 5 lists the results of hot tear test castings 
made using the Armour Research core mixes. The 
widths of the gates were measured on the baked 
cores. Most of the castings having average gate widths 
less than 0.070 in. were misrun. 

All heats were poured from Grade “B” steel. Table 
6 lists the analyses of those heats made to check the 
results of the Armour Research sand mixes. All 
heats were tapped from the furnace at a temperature 
of 3030 F in order to give an expected mold entering 
temperature of 2925-2950 F. Castings poured from a 
lower temperature heat were misrun due to freezing 
off of the narrow gate. 

Table 7 lists the compositions of the three Armour 
Research core sand mixes and their mechanical prop- 
erties. —Two “B” mixes were made since the gates 
of the first mix were so small many of the castings 
were misrun. Although the mechanical properties 
differed considerably due to high moisture in the 
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cond mix, there was no noticeable difference be- 
ween the spread of hot tears in the castings from 
he two mixes. The casting which did not misrun in 
nix “B” had hot tears varying from 44x 1% in. to 
‘49 x5 in. Those in mix “B2” varied from “no tear” 
(0 %ox2\% in. A comparison of our results with 
those of Armour Research is listed in Table 8. 

Figures 6 and 7 are exploded and assembled views 
of the cores used for this mold. 

Figures 8 and 9 show hot tears in two castings from 
ihe same heat using the No. 3 mix for cylindrical 
core. The four hot tears shown from these two cast- 
ings are representative of the variable results obtained 
from the 25 castings made at the beginning of the 
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investigation using No. 3 mix cores, superset bonded 
cores, and No. 3 mix cores plus an iron oxide ad- 
dition. As mentioned, the reason for this lack of 
correlation was found to be the variation in gate size. 

Fig. 10 shows three cores with measurements of 
the gates marked alongside. 

Figure 11 shows the entire batch of castings poured 
from the center cores made with the “A” mix, and 
the variation in size of hot tears caused by gate 
variation. 

Figure 12 is a graphical representation of the effect 
of gate variation on the area of the resulting hot 
tear. The area is only approximate since the width 
of a tear varies. 





PART III- HOT TEAR INVESTIGATION 


By 


C. H. Wyman,* C. A. Faist** and Geo. Di Sylvestro; 


Introduction 


The program of investigation carried out by Burn- 
side Steel Foundry Co., Chicago, was initiated in 
September, 1951, under sponsorship of the Research 
Committee of the Steel Division of the American 
Foundrymen’s Society. It was desired to show the 
reproducibility and sensitivity of the test casting de- 
veloped by the Armour Research Foundation. 

It was felt that the test casting produced under 
production conditions would show more clearly not 
only the value of this particular design as to repro- 
ducibility of results, but also the latitude of sensitivity 
which might be expected from it. 

Therefore it was proposed by the Committee that 
test castings should be poured at Armour Research 
Foundation, then at American Steel Foundry Co, 
(Indiana Harbor, Ind.), and lastly at Burnside Steel 
Foundry Co. (Chicago). Pattern equipment was fur- 
nished by Armour for use at American Steel Foundry 
Co. and was later sent to Burnside Steel Foundry Co. 


Investization at Burnside Steel Foundry Co. 


Following receipt of pattern equipment from 
American Steel Foundry Co. work was begun at Burn- 
side Steel Foundry in September, 1951. Following 
recommendations made by American Steel, new pat- 
tern equipment was made at Burnside in order to 
produce cores of greater dimensional accuracy, as 
well as greater ease in coremaking (Fig. 13). To 
make the slot gates more uniform the gates were 
slotted in with abrasive wheel rather than attempting 
to mold the slot gate in the green cores. 


Scope 


Following study of the work done at Armour Re- 
search Foundation and American Steel Foundry Co. 
as outlined in Parts I and II, a tentative program of 
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procedure for the Burnside investigation was drawn 
up as follows: 

A. To investigate the reproducibility and_ sensi- 
tivity of the Armour test casting design. 

(1) Pour a series of test castings in triplicate 
using production methods. 

B. To investigate the effects of variation in core 
and mixes having variable properties (strength, col- 
lapsibility, etc.). 

(II) Pour a series of castings in triplicate hav- 
ing center cores made from ten different type 
core sand mixes as well as one series having 
a center core of green facing sand (14 and 14). 

C. To investigate the effects of variation in the 
degree of hot spot concentration. 

(1) To incorporate in work listed under B a 
series of castings having variable width slot 
gates (approximately 14, %., 4, and %%-in. 
widths and 5-in. length). 

D. Investigate effects of metallurgical variables. 
(I) Variation in carbon content of the steel 
(Grade B Steel). 

(II) Variation in sulphur content (Grade B 
Steel). 





Fig. 13—Pattern equipment for hot tear test specimen 
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Tape 9—Core MIXEs AND Properties Usep IN BURNSIDE INVESTIGATION 
“A” Mix Dry Resin—WNo Silica Flour “D” Mix Dry Resin—With Wood and Silica Flour 
Material Weight, Ib Volume % Material Weight, lb Volume % 
New Sand 300 25 gal 93. New Sand 300 25 gal 83. 
Truscor ly, Y% gal 4 Truscor 1% V% gal J 
Super Set 18 2 gal 5.5 Super Set 18 2 gal 4. 
Release Agent 1% 1 qt 0.4 Silica Flour 30 3 gal 8. 
Tycor 314 114 pt 0.8 Release Agent ly 1 gt 4 
Tycor 314 114 pt 9 
Woed Flour 54 214 gal 1.5 
Properties Core Wght Properties Core Wght 
26 Ib, 2 oz 25 Ib, 8 oz 
: Moisture, % 3.2 Moisture, % 4.6 
Permeability 100 Permeability 50 
Green Strength, psi 2.5 Green Strength, psi 4.0 
Density, Ib/cu ft 100 Density, Ib/cu ft 100 
Dry Tensile Strength, psi 95 Dry Tensile, psi 35 
Scratch Hardness 45 Scratch Hardness 80 
Deformation, in./in. 0.0250 Defcrmation, in./in. 0.0250 
Hot Strength at 2000 F, 12 Min, psi 14.0 Hot Strength at 2000 F, 12 Min, psi 30 
“B” Mix—1% Oil “E” Mix Dry Resin—0.25% Coarse Perlite 
Material Weight, lb Volume % Material Weight, Ib Volume % 
New Sand 300 25 gal 81. New Sand 300 25 gal 85. 
Truscor 334 114 gal 1. Truscor ly \% gal Jl 
Super Set 9 1 gal 2. Super Set 18 2 gal 4. 
Core Oil 4 fy gal 1. Silica Flour 30 3 gal 8.5 
Silica Flour 50 5 gal 13.5 Release Agent 1% 1 qt 0.4 
No Vein 214 1 qt 0.7 Tycor 314 114 pt 0.9 
Coralux (Coarse) 0.25 
Properties Core Wght Properties Core Wght 
26 Ib, 4 oz 25 Ib, 14 oz 
Moisture, % 4.0 Moisture, % 4.0 
Permeability 75 Permeability 65 
Green Strength, psi 2.3 Green Strength, psi 3.1 
Density, lb/cu ft 100 Density, Ib/cu ft 100 
Dry Tensile, psi 70 Dry Tensile, psi 35 
Scratch Hardness 85 Scratch Hardness 80 
Deformation, in./in. 0.0200 Deformation, in./in. 0.0250 
Hot Strength at 2000 F, 12 Min, psi 38.0 Hot Strength at 2000 F, 12 Min, psi 110 
“C” Mix—¥2% Oil “F” Mix Liquid Catalin No. 8818 Resin—Silica Flour 
Material Weight, lb Volume % Material Weight, Ib Volume % 
New Sand 300 25 gal 96.5 New Sand 300 25 gal 87.5 
Truscor 5 2 gal 1.5 Truscor 21% 1 gal 0.8 
Core Oil 2 I qt 0.6 Liquid Resin No. 8818 214 1 qt 1. 
No Vein 2% I qt 0.8 Silica Flour 30 3 gal 8. 
Tycor 314 114 pt 0.8 
Release Agent 11% 1 qt 0.4 
Properties Core Wght Properties a Core Wght 
26 Ib, 1 oz 26 Ib 
Moisture, % ae aa 3.0 as Moisture, yu x sh i alae 49 
Permeability 120 Permeability 90 
Green Strength, psi Too Weak Green Strength, psi 1.8 
Density, lb/cu ft To Run Density, lb/cu ft 100 
Green Dry Tensile, psi 170 
Dry Tensile, psi 180 Scratch Hardness 85 
Scratch Hardness 55 Deformation, in./in. 0.0200 
Deformation, in./in. Hot Strength at 2000 F, 12 Min, psi 34 
Hot Strength at 2000 F, 12 Min, psi 20.5 





(Table 9 continued on following. page) 


(a) Pour series in duplicate desulphur- 
ized to different sulphur levels with Ca- 
Si alloy. 
(III) Variation in composition of steel (Grade 
B vs. Mn-Cr). 


E. To investigate the effect of variation in wall 


thickness of test casting. 


(I) Pour series of castings in triplicate from 
each of three different core mixes, the castings 
having constant gate width but variable cyl- 
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TABLE 9 (CONTINUED) 












“G” Mix—Dry Catalin No. 9616 Resin—Silica Flour 


“T” Mix—Liquid No. 8818 Resin—WNo Silica Flour 

































































laterial Weight, Ib Volume % Material Weight, Ib Volume % 
vew Sand 300 25 gal 88.5 New Sand 300 25 gal 97.5 
ruscor 214% 1 gal 0.8 Truscor 214% 1 gal 9.8 
Dry Resin No. 9616 24 1 qt 1. Liquid Resin No. 8818 1% 1 pt 0.5 
Silica Flour 30 3 gal 8.0 Release Agent 1% 1 qt 0.4 
[ycor 31% 11% pt 0.8 Tycor 3144 1l4 pt 0.8 
Release Agent 1% 1 qt 0.4 
Properties rs Core Wght Properties i Core Wght 
26 Ib, 6 oz 27 Ib, 4 oz 
Moisture, % 4.0 : Moisture, % Ey ak) $2 
Permeability 105 Permeability 120 
Green Strength, psi 1.9 Green Strength, psi 1.2 
Density, Ib/cu ft 100 Density, Ib/cu ft 100 
Dry Tensile, psi 60 Dry Tensile, psi 52.5 
Scratch Hardness 60 Scratch Hardness 40 
Deformation, in./in. 0.0170 Deformation, in./in. 0.0300 
Hot Strength at 2000 F, 12 Min, psi 12 Hot Strength at 2000 F, 12 Min, psi 4 
“H” Mix—[4.0% Dry—0.5% Liquid] Resins + “J” Mix—1% Oil—1.5% Wood Flour 
1.5% Wood Flour 
Material Weight, lb Volume % Material Weight, Ib Volume % 
New Saad 300 25 gal 84. New Sand 300 25 gal 80. 
Truscor ly 3/, gal 0.1 Truscor 33, 114 gal l 
Super Set 18 2 gal 4. Super Set 9 1 gal 2. 
Silica Flour 30 3 gal 8.0 Core Oil 4 \% gal 1. 
Liquid Resin No. 8818 14% 1 pt 0.5 Silica Flour 50 5 gal 13.5 
Release Agent 1% 1 qt 0.4 No Vein 21% 1 qt 0.7 
Wood Flour 514 21% gal 1.5 Wood Flour 544 234 gal 15 
Properties Core Wght Properties Core Wght 
26 Ib, 8 oz 24 Ib, 8 oz 
Moisture, % 4.0 Moisture, % 4.2 
Permeability 80 Permeability 30 
Green Strength, psi 3.3 Green Strength, psi 3.9 
Density, Ib/cu ft 100 Density, Ib/cu ft 100 
Dry Tensile, psi 45 Dry Tensile, psi 70 
Scratch Hardness 60 Scratch Hardness 65 
Deformation, in./in. 0.0300 Deformation, in./in. 0.0300 
Hot Strength at 2000 F, 12 Min, psi 3 Hot Strength at 2000 F, 12 Min, psi 111 
Blended Facing Sand [Green] 
Properties 
Material Weight, Ib Volume % Minimum Maximum 
New Sand 1000 78 gal 48 Moisture, % 2.9 3.4 
Old Sand 1000 78 gal 48 Density, Ib/cu ft 97 100 
Bentonite 62 814 gal 3 Permeability 150 180 
Truscor 18 71% gal 0.8 Green Strength, psi 7.5 8.0 
Nv. &. 24% %/, gal 0.1 Deformation. in./in. 0.280 0.0300 





inder wall thickness (14 in. and 5% in.). 

F. To investigate the hot properties of the various 
type core mixes with respect to hot tear produced. 
G. To study, correlate if possible, and to report 


such 


associated with hot tear phenomena. 


Procedure 


other data and information which could be 


The procedure for investigating steps A through C 
was such that these phases could be investigated 
simultaneously. A total of ten core sand mixes were 
incorporated. A list of these mixes will be found in 
Table 9 with their compositions and properties. 

After baking these center cores were slotted with 
abrasive wheels to give slots of variab’e width 1{, %.¢, 


y, and 3% in., all 5 in. in length (Figs. 14, 15). 





The cores were then assembled as shown in Figs. 
6 and 7 and the core mold then locked into pouring 
jig shown in Fig. 16. This lock-up arrangement 
was found very satisfactory in expediting the pouring 
and shakeout of experimental castings by reducing 
shifts, run-outs, and cracked cores in handling of 
assembled molds. A series of such lock-ups is shown 


ready for pouring in Fig. 17. 


All castings were poured in series and at the same 
position in the pouring cycle of the heat. They were 
hand-shanked over the lip of a 300-lb capacity mono- 


rail ladle. 


No temperature recordings were made, 


but previous pouring cycle temperature measurements 
have disclosed that practically all shank heats poured 
in this portion of the pouring cycle had a pouring 





oe 


temperature in the range of 2840 to 2910 F. Previous 
work on hot tears done by other investigators had 
indicated that on simple design castings of small 
weight pouring temperature had little bearing on 
hot-tear incidence. 

Specifically, each mix was divided into three pour- 
ing series, each series being poured off on a different 
Grade B Steel heat. Each series contained within 
it four gate width variations (14, 3%, 4, and 3% in.). 
Therefore, a total of 12 castings: (24 cylinders) was 
poured for each type of core sand mix. 

After being poured and shaken out (pour to shake- 
out time held to 5-10 min) the castings were hand 
shotblasted and then magnetic particle inspected. In- 
spection consisted of measuring the actual gate length, 
cylinder length, tear length, gate width, core weight, 
casting weight, etc. These data were then recorded. 
Next a duplication of the actual tear obtained in 
each cylinder was made by picking off the magnetic 
particle indication on a strip of Scotch tape and re- 
cording these tapes with the data. In this manner 
fairly accurate tear recordings could be made for 
future work, once the castings had been scrapped. 

Figures 18 and 19 show the castings after shotblast 
and inspection. 

In addition to the ten core mixes a series of castings 
was made using a green sand core (core box alter- 
ations are shown in Fig. 20). 


Fig. 16—Pouring jig. 


Fig. 14—(Lett) and Fig. 15 (Right) showing slotting operation with abrasive wheels. 
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After completion of the first phase of the investiga 
tion a general meeting of the Research Committec 
of the Steel Division of A. F. S. was held at Burnside 
Steel Foundry Co, for the purpose of reviewing the 
work done at Burnside. It was generally agreed by 
committee members after hearing Burnside’s report 
that a second phase be run jointly by Armour, Ameri 
can Steel Foundry Co., and Burnside to further sub 
stantiate the validity of the Burnside results and data. 

For purpose of clarification this report therefore 
refers to Phase I as that phase which included work 
done prior to the committee meeting at Burnside 
and to Phase II as that phase which includes all work 
subsequent to the meeting. 

Phase II therefore was begun at Burnside for the 
primary purpose of establishing the validity of Phase 
I data, i.e., duplication of Phase I results. 

It was believed that this could be done most eco 
nomically by limiting Phase II investigations to dupli- 
cation of one particular gate width and thus reduce 
the total number of castings. It was further decided 
that all ten core sand mixes would be run in dupli- 
cate series rather than triplicate series, still further 
reducing the number of castings to be poured. 

All series of castings of Phase II were pcured and 
processed in the same manner as Phase I series. 

Following the duplication series it was decided to 
investigate the effect of metal composition on hot- 


Fig. 17—Series of lock-ups ready for pouring. 
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tear incidence. It was planned to run a duplicate 
eries from a medium manganese-chromium steel for 
omparison to the previously poured Grade B Steel 
astings. 

Next a series was run to determine the effect ol 
ulphur level on hot-tear incidence. For this purpose 
wo different heats of Grade B Steel were used. A 
eries of ten core mixes was run on each heat. The 
steel going into these castings was desulphurized using 
. special Ca-Si alloy in addition to the regular stand- 
id deoxidation practice (Al, 214 lb/ton and Ca- 
ManSi, 3 Ib/ton). 

Finally, three series were run in duplicate to de- 
termine the effect of cylinder wall thickness variation 
on hot-tear incidence. For this portion of the in- 
vestigation three different resin core sand mixes, and 
three oil sand core mixes were used. Each mix was 
poured in a series of castings have three different 
cylinder wall thicknesses (34, % and 5% in.), 

After pouring, inspection and recording of data, 
representative castings from each of the three different 
wall thicknesses were sectioned so that soundness and 
macrostructure of the castings could be observed (Figs. 


91-25). 
Results Obtained 


During the initial portion of Phase I of the in- 
vestigation it became apparent almost immediately 
that, except for isolated, and minor cases, the experi- 
mental casting as designed by Armour Research Foun- 
dation was an instrument for producing, under a 
specific set of conditions, a hot tear which was both 
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reproducible and sensitive. Furthermore, it was heart- 
ening to observe that this reproducibility was valid 
under the more severe test conditions of actual foun- 
dry practice. 

Survey of the data accumulated on the series of 
castings poured in triplicate in Phase 1 showed that 
hot-tear incidence was reproduced with very gratify- 
ing results. Figure 24 shows the actual tear repro- 
duction obtained during Phase 1, and shows that hot- 
tear incidence varies with ingate cross-sectional area 
increase (all gates approximately 5 in. long by vary- 
ing widths). 

It should be noted particularly that the increase 
in gate cross-sectional area can be presumed to be to 
a degree an increase in the degree of hot-spot con- 
centration. It is interesting to note that for all core 
mixes (oil and resin) having no wood flour additions, 
as the gate area increased so the tearing increased, 
showing a steady resistance to the solidifying metal. 
In the case of the three mixes with wood flour (H, 
J, and D) the hot tear increases normally with the 
increase in gate area, but then decreases with furthe 
increase, indicating that these cores collapsed at in- 
termediate hot-spot concentration (see H, J, and D, 
Fig. 24, and Fig. 25). 

The Phase II series data showed that the trend 
obtained for hot-tear incidence corresponded to Phase 
I, although the actual values of tear differed some- 
what (Fig. 26). Examination of data from both phases 
showed that the only marked difference between the 
two was the difference in the core densities (due to 
difference of moisture content of mixes resulting in 





Figure 18 


Figure 21 





Figure 23 
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variable ramming properties). When differential den- 
sities were plotted against differential hot tear a 
very good relationship was found, indicating that 
the density variations of the cores used in the two 
phases were to a large extent responsible for the dis- 
crepancy in the hot-tear incidence (Fig. 27). 

When Phase I and Phase II were corrected for core 
density variation it was found that tear incidence 
of both phases were practically identical. This is 
shown on Fig. 28. 

It was gratifying to find that core density variation 





between cores of the same type of mix appeared to 
be the most important single factor in determining 
hot tearing incidence when a number of castings were 
poured using a specific type core mix. 

Since the core density correction factor worked out 
so well with Burnside data, it was decided to check 
outside data for purpose of substantiating the validity 
of this correction factor. 

Various data on hot tear length and core density 
was requested from Armour Research Foundation 
from data obtained during their investigation. 
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When the Burnside correction factor was applied 
to their data it was found that the difference between 
maximum and minimum hot tear lengths for any 
particular gate area, and any specific core sand mix 
was nullified when corrected for density variation. 
That is to say, for example, any minimum hot tear 
value corrected for the difference between minimum 
and maximum core densities took on the value of 
the maximum hot tear length, i.e., accounted for hot 
tear length variations. 

It was therefore assumed that the density correc- 














tion factor was valid. 

Following the pouring of the series of castings to 
check the validity of Phase 1 results as previously 
reported to the Research Committee, work was begun 
to determine, if possible, whether metal composition 
had any effect on hot-tear incidence. 

For this portion of the investigation it was decided 
to pour a series of castings in duplicate from a 
medium manganese-chromium steel to compare with 
hot-tear incidence of Grade B Steel. 

Only one size of slot gate was used, although cast- 
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Fig. 24—Hot tear reproduction chart reduced about half in printing. 
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Fig. 25—-Relationship between cross-sectional gate contact 
area and length of hot tear for various type core sand 
mixes investigated. Grade B Steel used. 


ings were poured using the ten different core sand 
mixes. A chart showing the type and extent of hot 
tear obtained with each core mix is shown in com- 
parison to Phase I Grade B Steel tears on Fig. 29. 
It will be noted that, although the tears are repro- 
ducible as to type of steel, there is no comparative 
correlation to be found between the two grades. 

It was next decided to investigate the effect of the 
sulphur level on hot-tear incidence. Again ten core 
sand mixes were used and two series of test castings 
poured in duplicate. Each of the two series was de- 
sulphurized to a different sulphur level. The desul- 
phurization was accomplished through the use of a 
calcium-silicon alloy addition to the steel prior to 
pouring each of the two series. The results of this 
test can be seen in Fig. 30 which shows a comparison 
of the two series, each at a different sulphur level. 
Aside from the reduction of sulphur level all other 
elements remained at approximately the same per- 
centage weight level with the exception of silicon. 
The base metal was raised approximately 0.27 Si 
(weight per cent) by the calcium-silicon addition to 
a level of approximately 0.74 per cent (by weight) 
silicon. 

As a final test it was decided to check the effect of 
varying the cylinder wall thickness of the test casting 
on hot-tear incidence. For this phase of the investi- 
gation it was concluded that the gate size should be 
held constant. Furthermore, instead of pouring ten 
core sand mixes it was decided to use three oil sand 
core mixes of varying strengths and three resin core 
sand mixes of varying strengths. The variations in 
these mixes is listed as follows: 

Oil Sand Cores: 

1. 14 pet oil (same as Phase | “C” mix) 
2. 4 pet oil plus 14 pct fine Perlite 
3. 4 pct oil plus 114 pct Wood Flour 
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Resin Sand Cores: 
i. Same as Phase | “I” mix plus 514 pet Dry 
Binder 
2. Same as Phase | “I” mix plus 5% pct Dry 
Binder plus 1% pct fine Perlite 
3. Same as Phase | “I” mix plus 514 pct Dry 
Binder plus 114 pct Wood Flour 
Figure 31 shows the hot tear reproductions of the 
4 in. and % in. wall thickness cylinder results as 
compared to the 3%-in. cylinders. 

It can be seen that the hot-tear incidence becomes 
lesser in degree with increase in cylinder wall thick 
ness (constant slot gate cross-sectional area). This 
appears to be in line with the theory that, as the 
volume of the casting in the immediate vicinity of 
the concentrated hot spot area increases (due to 
progressive increase in wall thickness from 3% to 54 
in.) the heat concentration is spread out or widened. 
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Fig. 27—Relationship which exists between core density 
variation and resultant hot tear variation. Valid for all 
mixes except mix which contained “coralux.” 
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Fig. 28—Comparison of length of hot tear obtained with 
various type mixes of Phase I and Phase II at constant 
level of gate contact area. 
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CHART OF ACTUAL HOT-TEARS OBTAINED 
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AT BURNSIDE STEEL FOUNDRY 





AVERAGE PHASE I. HOT- TEARS 


CORE AVERAGE PHASE II. HOT-TEARS 















































MIX 
yYeeoorrrere> 
ac 
ee” i ie 
i at 
OO, Ae 
—_— at. . ~~ C ae ~~ 
ag ae. D NT Nc nen ge 
wenger a ee ee ee 
ae rage 
ee ee E 
ee ee 
— 
" F cx 
G Oe Ag OS 
~- See pet ee 
te i Oe ee 
H| NO TEST TAKEN 
ee ee ee 
ne 
—_ on re 
A. iy ee ES ie ee, ee ee ed 
J ‘™ 
Pee ee eng OO OS Lee 
esreresrag 

















GRADE B STEEL 


AVERAGE SLOT-GATE APPROX. ie in.x 51n. WITH 38 iN. CYLINDER 


Fig. 26—Chart of actual hot tears obtained at Burnside Steel 


Foundry. Chart was reduced about one-fourth in reproduction. 
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CHART OF ACTUAL HOT-TEARS OBTAINED 
AT BURNSIDE STEEL FOUNDRY 
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GRADE B STEEL 


Mn-Cr STEEL 


AVERAGE SLOT-GATE APPROX. *61n.x 5 iN. WITH Yan. CYLINDER 


Fig. 29—Chart of actual hot tears obtained at Burnside Steel 
Foundry. Chart reduced about one-fourth in reproduction. 
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AT BURNSIDE STEEL FOUNDRY 
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GRADE B STEEL 


AVERAGE SLOT-GATE APPROX. *6in.x 5 in. WITH ?/ein. CYLINDER 


Fig. 30—Chart of actual hot tears obtained at Burnside Steel 


Foundry. Chart reduced about one-fourth in reproduction. 
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[his would cause the hot spot area to remain in the 
ritical hot tearing temperature range for shorter in- 
cervals and therefore produce a lower frequency to 
tear. 

The chart (Fig. 31) shows secondarily that as either 
of the oil or resin sand core series decreases in core 
strength (strongest to weakest mix) the hot tear in- 
cidence tends to decrease. This of course was found 
to be so in previous tests run during the investigation. 

Figure 32 shows a comparison of average hot tear 
length values obtained for the 34, 1% and 5% in. cyl- 
inder wall thicknesses. 

Table 10 represents the six basic core sands used 
for the tests on variable wall thickness cylinders. 
Three resin mixes and three oil mixes are represented. 

For the purpose of studying the behavior of core 
sand hot properties on hot-tear incidence a series of 
tests of each core sand mix used during the investi- 
gation was made. These sample cores were made up 
at Burnside Steel Foundry and sent to the Harry 
Dietert Co, Detroit, in sealed containers for hot prop- 
erty testing. The hot properties run included hot 
strength, collapsibility and hot deformation. The 
test results were then sent back to Burnside Steel 
Foundry Co. for analysis. 

Analysis of the hot property results showed that 
there was not particular relationship between hot 
strength (12 min at 2000 F), collapsibility (85 psi 
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Fig. 32—-Comparison of hot tear lengths of ¥, 1/2 and 5- 
in. cylinder wall thicknesses. Constant slot gate widths. 


at 2006 F) and hot deformation at 2000 F and the 
average tear incidence produced by any particular 
core mix. It appears that these properties individu- 
ally could not be used as a criterion for determining 
hot tear behavior, or incidence. 

Finally the various core mixes were arranged in 
ordered arrangement under each of the various hot 
properties, i.e., the various mixes were arranged 
separately under three headings (hot collapsibility, 
hot strength and hot deformation). The arrangement 
under each heading was done in such a way that 


TABLE 10-——-Core MIXEs FOR 14 IN. AND 54 IN. CYLINDERS 











1. Resin 2. Resin 3. Resin 3. Oil 4. Oil 6. Oil 

No Silica Fine Perlite Wood Flour No Silica Fine Perlite Wood Flour 
Material Wt. Vol. % Wt. Vol. % + #£=Wt. Vol. % Wt. Vol. % Wt. Vol. % Wt. Vol. % 
New Sand 300 25 gal 93 300 25 gal 92 300 25 gal 92 300 25 gal 96.5 300 25 gal 96 300 25gal 96 
Truscor 1, Ygal O04 14 Ygal 4 14 WYgal 04 5 2gal 1.5 5 2gal 1.5 5 2gal 15 
Super Set 18 2gal 5.5 18 2gal 5.5 18 2gal 5.5 
Liq. Resin No.8818 1144 ly%pt 05 1% Iwpt 5 1,4 lYwpt 05 
Tycor 34, Iyw%pt 08 34 Iyw%pt & 34, lMvpt 08 
Core Oil 2 Iqt 06 2 Iqt 06 2 Iq 06 
No Vein 2% Iqt 08 2% Iqt O8 WH Iq O8 
Fine Perlite 4 8gal .0012 37% 31% gal .0012 
Wood Flour 5 24%gal 1.5 
Release Agent 1%, Iqt OA 1%, Iq A 1% Iqt O04 5 21% gal 1.5 
Water 3 3.5 4.5 3 3.5 4.5 
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METHOD OF CORRELATING Hor TEAR TO HoT PROPERTIES 





Mixes Arranged in Order of 
Decreasing Average Tear Lengths 


Type Mix Tear Length, in. 
F 4.550 
B 4.220 
I 4.150 
Cc 4.000 
A 3.750 


Method of Arranging Core Mixes 

to Arrive at Overall Order Number 
Indicating Decreasing Hot Tear Frequency 
Individual Orcer Overall Order 


Mix Number Number 
F = 1 & 2 — = 4 
S-w 2) a). a 2 6 
r= 2+44s34 = 10 
Az #+i&ts+#+s8s:== 
cC=z=254+45+44=s 14 


Hot Preperties of Core Mixes Arranged 
in Order of Decreasing Hot Property Values 
Collapsibility Hot Strength Hot Deformation 








(Sec. @ 2000°F) (psi @ 2000°F) (in./in. @ 2000°F) 
Order Order Order 
No No. No. 
1. F—66 1. B—38 1. F=.024 
2. 157 2. F—34 2. B—.018 
3. B=17 3. A—14 3. A=.018 
4. A—12 4. I= 4 4. C= —— 
5. C= 2 5. C= 0 5. I= 
Comparison of Average Tear 
with Arranged Average Order 
of Hot Properties 
Hot Tear Hot Property 
Order Order 
F — 4550 — Ist F = Ist 
B = 4220 — 2nd B = 2nd 
I y= 4150 — 3rd I = 3rd 
Cc = 4000 = 4th A = 4th 
\ => 3.750 — 5th C = 5th 
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TABLE 12 
























Mixes Ar- Average Tear Length ~ Arranged 
ranged in in Cylinders Order of Mixes for Hot I’roperties for average 
order of Total Rate of Collap- of all 
Increasing Wall Thickness, in. Deform Deform sibil- Hot properties Density 
tear length % \% ih in./in. in./in. ity Strength 1. z. 























A 3.575 2.750 2.100 A A B Cc A A 
Resin C) 3.850 3.530 3.080 Cc B A A C) B\ 
Bs 4.050 3.600 3.320 B C Cc B B) Cf 

D 3.850 2.150 2.080 D F D D D D 

Oil F) 4.040 3.650 2.900 E D E E FE) F 
Ef 4.130 3.880 3.150 F E F F F) Ef 











































the mix with the particular property valuation indi- hot deformation and rate of hot deformation. Each 
cating highest tendency toward hot tear was at the type of test was conducted at 600, 800, 1000, 1200. 
top, and the least tendency toward production of hot 1400 and 1600 F. Tests previously submitted had 
tear at the bottom. Five mixes were so arranged and been tested at 2000 F. 
assigned order numbers, 1 (highest tear tendency) After receipt of the above test data from the Harry 
through 5 (lowest tear tendency). This was done W. Dietert Co., the data were plotted at Burnside 
for all three hot properties. Next the order numbers Steel Foundry Co. in an attempt to correlate the 
were totaled for all three properties. This total rep- various data to hot tear lengths obtained during the 
resented the average overall order, or position for Burnside investigation of hot tear. 
the various mixes with respect to the combined in- All attempts to correlate hot properties to hot tear 
fluence of individual hot properties on hot-tear in- results were very disconcerting. In some cases, value 
cidence. relationships appeared, but nothing absolute could 
Table 11 shows the overall averages used above to be evolved. 
correlate the hot-tear incidence with the average Finally all data were arranged in order according 
weighted hot properties of the various mixes. to an assumed tendency toward hot tear influence. 
Further attempt was made to correlate the hot This is explained by examination of the Table 12. 
properties of various mixes investigated, to the re- It will be noted that the table is divided into two 
sultant hot tear lengths obtained when these mixes sections, one for resin core mixes and one fer oil 
were applied in casting of the Armour hot tear test core mixes. The mixes are the same as thcse reported 
casting. in Burnside hot tear report to A.F.S. In the first 
Hot property specimens of the same mixes were column are the mixes arranged in order of increasing 
again made up and submitted to the Harry W. Dietert order of tear length. The second, third and fourth 
Co. in sealed containers. Tests conducted on these columns indicate the average tear lengths obtained 
specimens included hot strength, collapsibility, total with each core mix during the Burnside tests for3{, 


TABLE 13—-METHOD OF ARRIVING AT ORDER NUMBERS 
Only Hot Strength Taken As Example. Other Hot Propertics Done Same Way. 











No. Times II Ill 
Hot Strength Data: Each Mix *No, of Times Sum of 
@ Various Test Temp & 12-Min Scak (psi) Appears in position Pro- 
Mix 600 F 800 F 1000 F 1200 F 1400 F 1600 F Ist 2d 3d x Pos. Mult. ducts 
A (1) 473 (3) 520 (1) 227 (2) 104 (2) 100 (3) 139 aA 3 2 2x 14+-224+2x3= 12 
5 B (2) 440 (2) 340 (3) 202 (1) 102 (1) 87 (1) 87 Ss & 4 3x142x241x3= 10 
p Cc (3) 355 (1) 370 (2) 225 (3) 115 (3) 132 (2) 122 cit 2 $s 114-2243 x3— 14 
D (3) 60 (3) 61 (3) 28 (3) 8 (3) 2 (2) 0 D0 0 6 0+ 0 46x3— 18 
6 E (1) 122 (2) 130 (2) 36 (2) 16 (_l) 9 (3) 0 Ez £ ® 2x144x240 = 10 
F (2) 100 (1) 170 (1) 65 (1) 20 (2) 8 (1) 19 , s 2 4 4x14124+1x3= 9 
* Position (1) Highest value —Highest Hot Tear Tendency — Multipliers = 1 
Pcsition (2) Intermed. value —Intermed. Hot Tear Tendency — Multipliers = 2 
Position (3) Lowcst values —Lowest Hot Tear Tendency — Multipliers = 3 
Mixes Arranged in Order 
of Decreasing Numerical 
value cf Column III 
(Increasing Hot Tear Tendency) 
C—I4 
A—12 
B—10 
D—18 NOTE: | NOTE: 2 
E—10 This column is same Mixes and positions of Table 12 are then treated by above 
F— 9 as reported in hot precedure to give order I’sted in column | of Table 12. 
strength column Column 2 Table 12 lists mixes in order of increasing relative 


Table 12. density. 
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, and 5% in. cylinder wall thicknesses. The next 
‘our columns represent the order in which the various 
mixes fell (in order of assumed tendency toward hot 
iear length increase) when the 600 through 1600 F 
rest data were averaged as per subsequent explanation. 

The last column represents the overall order in 
which each of the various mixes fell, when averaged 
out for combined hot property value. 

Table 13 shows the method used for obtaining the 
order of the mixes under any particular hot property 
in Table 12. This method was used for all order 
columns and also for obtaining the overall order of 
mixes in column 1, Table 12. 

It can be seen that this method appears to give 
some rather definite correlation between the various 
core mixes and their individual hot tear length values. 

The relationship of core density to hot tear tend- 
ency shown in column 2 of Table 12 is in good 
agreement with results previously reported in the 
Burnside hot tear report; that is to say, hot tear 
tendency is greater with increase in core density (in- 
dependent of core mix ingredients). 

On the basis of experimental data obtained and 
through use of the method of arranging mixes in 
order as presented herein, the following conclusions 
are: 

1. The combined influence of hot tear properties 
when taken collectively, correlate with the degree of 
hot tear obtained during test period as shown below: 





Mixes Arranged 
in order of 
increasing core 
density (relative) 


Mixes Arranged 
by averaging method 
in order of increas- 
ing hot tear length 


Mixes Arranged 
in increasing 
order of hot 
tear length 





A A A 
Resin GC C) B 
B B) Same Cc 
D D D 
Oil F E F 
E F E 





2. The density of the core apparently plays a large 
part in determining the degree of hot tear, the 
tendency being for an increase in tear with increase 
in core density, regardless of the mix constituents. 

In conclusion, it should be noted that there are 
very small increments of tear length difference be- 
tween mixes C and B, and, F and E. This is reflected 
in columns | and 2 of Table 12 where the order of 
C and B are the same, and where E and F are nearly 
the same value. Note brackets denoting this fact. 

During the overall investigation a comprehensive 
data sheet was kept on all castings poured. These 
data later enabled various factors to be studied which 
were thought to have possible bearing on hot-tear 
incidence. 

It must be kept in mind, however, that the pro- 
gram of investigation carried out at Burnside Steel 
Foundry Co. had as its primary aim (1) to show re- 
producibility and sensitivity of the test casting in 
question and (2) to show the effect of various core 
sand mixes having a wide variation in properties. 

Therefore any data which were accumulated aside 
from the above primary scope of the program were 
used only to show relationships of a secondary nature 
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Fig. 33—Trend chart showing apparent influence of carbon 
level on degree of hot tear. 


insofar as factors having to do with hot-tear incidence 
were concerned. 

The factors listed are those which could be checked 
with actual accumulated data and are metallurgical 
in nature. Certain reservation must be applied to 
the validity since as stated previously, the metallurgi- 
cal factors were of secondary importance to this in- 
vestigation. The charts pertaining to these factors 
are submitted only for the purpose of showing that 
certain of these factors seem to show trends in influ- 
encing hot-tear incidence. To prove or disprove the 
influence on hot tears of any of these factors would 
undoubtedly involve a substantial and complete in- 
vestigation entirely outside the scope of the work done 
at Burnside. 

Interesting trends, however, are suggested on Fig. 
33 showing the effect of carbon level on hot tear 
incidence; Fig. 34 showing the influence of sulphur 
level on hot tear incidence, Fig. 35 showing effect of 
quality rating (“P” value) on hot tear incidence, and 
lastly the lack of relationship between total residual 
aluminum content (in range of 0.06 to 0.075 weight 
per cent) on hot tear incidence (see Fig. 36). 





SULPHUR = .045 % BY WEIGHT 
SULPHUR = .039% BY WEIGHT 














HOT TEAR LENGTH, IN. 





TYPE MIXES 


Fig. 34—Effect of sulphur level on length of hot tear. 
Grade B Steel. 
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Fig. 35—Chart showing relationship between hot tear 
length and quality rating for various type mixes of core 
sand. This chart indicates trend only. 


These relationships are presented in this report to 
stimulate possible future work in evaluating these fac- 
tors more completely. 


Analysis of Results 


The investigation, as it was carried out at Burnside 
Steel Foundry Co., showed that under conditions of 
actual production the test casting in question gave 
results which were both reproducible and sensitive. 
In the beginning of the program it was found that 
various conditions had to be controlled closely to 
give repetitive results. The more important of these 
were: 

1. Well made pattern equipment (to prevent box 
distortion in ramming). 

2. Well matched cores, when core mold was as- 
sembled. 

3. Uniformity in width and length of slot gate. 

4. Uniformity in ramming of cores (center cores). 

5. Uniformity in choke control during pouring. 

6. Uniformity of metal analysis. 

7. Uniformity of core sand mix. 

The statement ‘well made pattern equipment” 
refers to equipment which will produce cores free 
from distortion and with free drawing properties. It 
was found that cores had to be well matched in as- 
sembly, since unmatched or ill-fitting cores produced 
fins or run-outs in pouring. Fins particularly affected 
the reproducibility in that a fin caused localized in- 
crease in cooling rate of the casting at that point and 
resulted in a variation of tear incidence. Since the 
length and width of the slot gate was directly a meas- 
ure of the hot spot concentration it is readily under- 
stood that the degree of hot tear would vary with 
ingate dimensional tolerances. From Phase I results 
it was apparent that unless a specific degree of choke 
was maintained, the hot tear reproductibility would 
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be adversely affected, i.e. the greater the varianc 
from a choked system the more variable became th 
reproducibility. It was noted also that variation i 
moisture content of a core sand mix changed th 
rammability of the cores produced and subsequent! 
caused variation in core density. This was found t 
greatly affect hot-tear incidence. Finally, variation i» 
metal composition, primarily in sulphur level an 
carbon content, seemed to affect hot tear reproduc 
bility. 

The above statements are made in an effort to 
show some of the more important factors which mus 
be accounted for in pouring of reproducibility tests 

The results of tests made in Phase II of this repor' 
show that the Phase I results as reported to the Re 
search Committee of the Steel Division of A.F.S. are 
valid. It should be remembered that variation in 
length of hot tear between the two phases can be 
accounted for when variation in core densities is 
considered. 

It was interesting to note that hot-tear incidence 
increased as the effective degree of heat concentration 
increased. Since the effective cross-sectional gate con- 
tact area is the prime factor in determining the hot 
spot concentration, it has become habit to speak of 
these two terms synonymously. It must be considered, 
however, that unless a degree of choke is pruvided 
in the gating system, the relationship of effective in- 
gate area as a measure of hot spot concentration will 
diverge. This is amply shown by the greater diver- 
gence in reproducibility when comparing reproduci- 
bility of each of the various slot gate width results 
in Phase I. 

Hot Tear Incidence 


The larger the slot gate width the less accurately 
is reproduced the hot tear incidence. This was also 
shown in Fig. 25 where it is seen that as the ratio of 
choke becomes less the slope of the curves for the 
various mixes changes, the most abrupt change oc- 
curring at the point where the ratio of choke becomes 
less than unity, indicating an open system. At this 
point and beyond the degree of tear incidence in- 
creases at decreased rate, again indicating that the 
hot spot concentration in the immediate vicinity of 
the contact area is somewhat lessened. Another way 
of looking at this would be to consider that the more 
open the system the more intermittent the continuity 
of flow of the incoming metal and therefore the 
greater the variance in degree of heat concentration. 

It may further be pointed out, on Fig. 31, that 
the hot tear begins further to the right (away from 
the entrance of gate). This is accountable for in view 
of the increased internal volume of the mold cavity 
of the 14 in. and 5% in. wall thickness cylinders. Since 
the incoming metal enters a larger mold cavity (than 
in the case 3% in. cylinders) the metal is less restricted 
in flow (inside mold) and therefore the volume of 
incoming metal has a natural tendency to flow more 
from the farthest end of the gate. Therefore, for 
constant gate width the hot tears in the cylinders 
would be expected to originate nearer and nearer the 
end of the gate most remote from the sprue as the 
cylinders increased respectively in wall thickness. In 
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checking over the charts of hot tear reproduction for 
ihe 34, Ye and 5% in. cylinders (Fig. 31) this appears 
o be the case. Finally, note that the general tendency 
or the tears to begin farther away from the sprue 
nd of the gate indicates a shift of the hot spot with 
ncrease in cylinder wall thickness. 

Survey of accumulated data showed that rate of 
pouring of the test casting had no apparent influence 
on hot-tear incidence, even though pouring times 
varied all the way from 4 sec to 15 sec (correspond- 
ing to pouring rates of 10.7 lb/sec to 2.8 Ib/sec). It 
was believed that the large total surface area, of 
this particular casting design, compared to the rela- 
tively small casting volume produced a casting with 
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Fig. 36—-Trend chart showing relationship between degree 

of hot tear and total residual aluminum in steel. Aluminum 

determination made by spectrographic method. There is 
no apparent correlation. 


too high a resultant cooling factor and subsequently 
a casting comparatively insensitive to pouring tem- 
perature variation. 

Throughout the progression of the investigation the 
reproducibility of results was very heartening. It 
was interesting to note, however, that whenever new 
core sand mixes were made, slight discrepancies 
occurred when the cylinders made with these mixes 
were compared with cylinders made from previous 
similar mixes. Until a study of data showed reasons 
for these discrepancies they proved slightly incom- 
prehensible. Study of data showed the reason for 
variation in hot-tear incidence was caused by vari- 
ation of core density. This variation was further 
traced to original moisture content of the core sand 
mixes which manifested itself in variable ramming 
characteristics of the core sand. It was finally shown 
that a definite relationship existed between core den- 
sity and hot-tear incidence as shown on Fig. 27. As 
little as a few ounces variation in core weight in an 
approximately 24 to 27-lb core had an effect on the 
cumulative hot tear to be found in a cylinder. This 
fact substantiates the extreme sensitivity of the test 
castings. 

After this factor was applied as a correction to any 
tear in question, it was found that practically all 
tears obtained for a specific set of conditions were 
reproducible to nearly an identical degree. A review 
of Fig. 28 shows this. Note how the applied correction 
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brings the two phases together. This is further shown 
on Fig. 27 where the dotted line portion shows that 
the tear would have been theoretically had the core 
densities of Phases I and II been identical. 

The last remaining degree of variation which might 
be called “unaccountable variation” for purpose of 
discussion was considered to be a multiplicity of 
such other factors as metal composition, core mix 
variation, and the human errors involved. These 
reasons were considered applicable since all castings 
were produced under actual shop production con- 
ditions. 

Figures 33, 34, 35 and 36 are presented to stimulate 
further interest in the field of research into the effect 
of metallurgical factors as they may affect hot tear 
incidence. 

The data obtained at Burnside Steel Foundry was 
not sufficient to prove the validity of these charts. 
However, it is felt that the information so contained 
on these charts does indicate interesting trends which 
bear more complete and comprehensive study by 
others. 

An interesting comparison of hot tear data is shown 
on Fig. 37 whereon is plotted the length of hot tear 
vs average cross-sectional ingate contact area for the 
three basic core mixes used by Armour Research 
Foundation in its investigation and three of the basic 
mixes used by Burnside Steel Foundry in its investi- 
gation. Note that for the 14 per cent and | per cent 
oil mixes both investigators report fairly close results 
(considering variation in basic core mix raw ma- 
terials). Comparison of the core mix with wood flour 
added, likewise is reasonable on the basis of the 
Armour mix maving 14 per cent less oil and 1 per 
cent less wood flour than did the Burnside mix. 

Comparison of these curves, however, indicate the 
validity of the trend on charts previously shown ‘in’ 
this report. 


, 


Conclusions 


The study of hot tear reproducibility of the Ar- 
mour Research Foundation test casting at Burnside 
Steel Foundry Co. was begun in September, 1951, 
and ended February, 1952. During that period 414 
cylinders having a net weight of 5,417 lb were poured. 
This amounted to 8,000 lb gross weight. 


Fig. 37—-Comparison between hot tear results obtained by 
Armour Research Foundation and Burnside Steel Foundry. 
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The primary purposes of the investigation were 
to (1) show whether or not the test casting as designed 
by Armour Research Foundation would lend itself 
to reproducibility under actual production conditions, 
and (2) show whether or not the test casting in 
question was sensitive enough to permit reproducible 
results under varying conditions. 

As a result of the tests made during this investi- 
gation under actual production conditions, the fol- 
lowing summary of conclusions is made: 


Primary Conclusions 


1. The Armour Research Foundation test casting 
furnishes reproducible results. 

2. The test castings is sensitive to variation in con- 
ditions. 


Secondary Conclusions 


3. Hot tear incidence is directly related to the de- 
gree of hot spot concentration. 

(a) Het spot concentration is related to cross-sec- 
tic..al gate contact area. 

(b) Hot spot concentration is related to degree of 
choke of gate system. 

(c) Hot spot concentration is related to relative 
volume of casting section immediately adjacent to 
ingate contact. 

4. Variation of hot tear incidence between two 
cylinders made from cores of similar core mix is dir- 
ectly related to differential density of cores which 
metal surrounds. 

(a) Moisture of core mix is principal factor deter- 
mining rammability and therefore the density. 

5. Hot tear incidence is apparently affected by 
various metallurgical factors in the following man- 
ner: 
(a) Hot tear incidence increases with increase in 
carbon content. 
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(b) Hot tear incidence increases with increase i: 
sulphur content, 
(c) Hot tear incidence decreases with increase ii 
TS. 
——— plus 6 R.A.) 
1000 





quality factor (“P” value = 
5 

6. Hot tear incidence is directly related to the 
properties of the individual core mixes. 

(a) This is shown by variation in tear incidenc« 
with change in basic core mix constituents. 

(b) Although no definite correlation is presente: 
between hot properties and tear incidence, there ap 
pears to be some intangible relationship which links 
combined hot property effects to hot tear incidence 

7. Pouring rate variation had no effect on hot tea: 
incidence for this particular design test casting (pour 
ing rate varied from 2.8 to 10.7 lb/sec). It was be 
lieved that the very high cooling factor of this par 
ticular test casting was responsible for this being so. 

These conclusions are based entirely upon test data 
taken for the Armour Researck test casting design. 
Again it should be stressed that different conditions 
would be presented by a casting of different shape. 
weight or design. However, it has been shown that 
certain basic factors concerning various core mixtures 
appear to influence the degree of hot tear incidence 

It appears that these basic factors, when fully in- 
terpreted, can be applied in production toward the 
goal of hot tear reduction, or elimination in steel 
castings. 

The investigation submitted in Part III of this re- 
port was conducted by the Research Department 
under direction and supervision of the Metallurgy 
Department of Burnside Steel Foundry Co. and is 
respectfully submitted to the Research Committee ot 
the Steel Division of the American Foundrymen’s 
Society. 
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HEAT FLOW IN MOIST SAND 


By 





Victor Paschkis* 


|. Introduction 


In the 1951" report of the A.F.S. Heat Transfer 
Committee, experiments for the determination of heat 
flow in moist sand were described. In all cases dealt 
with in this former report, the initial moisture con- 
tent of the sand, expressed in per cent weight of the 
dry sand, was 4 per cent. 

The present report is an extension of this work, to 
cover the case of an initial moisture content of 6 per 
cent. The sand was the same as that used in previous 
work, designated as sand 20-30, according to the work 
of C. F. Lucks and co-workers.” 

As work with the computing circuit described in 
the former report! progressed, difficulties became more 
and more noticeable. For example, in order to get 
good operational facilities the change in moisture con- 
tent was carried out in four steps only, whereas a 
much larger number of changes would be desirable. 
Similarly, the thickness of the individual section in 
the computation experiments was made 4g in., but 
it would ke desirable to decrease that thickness by 4% 
or 4 in order to improve smoothness of the curves. 
Those and other improvements were not carried out 
because it was felt that the present experiments are 
still preliminary in nature, and it was decided to 
avoid complications. 

Since the properties of the sand may be of consid- 
erable influence on the results, they are listed here 
even though they are identical with those given in 
the former report.1. Merely the conductivity in the 
moist range is different, because of the changed initial 
value. The computation of this “moist conductivity” 
is the same as previously. 

Thermal conductivity of dry sand is compiled in 
Table 1; that of moist sand for low temperatures in 
Table 2. 

The sand has a dry density of 108 Ib/cu ft. The 
specific heat values for the various temperatures were 


* Technical Director, Heat and Mass Flow Analyzer Labora- 
tory, Columbia University, New York City. 

This is a report on a Research Project sponsored by the 
A.F.S. Heat Transfer Committee at Columbia University. Mem- 
bers of this Committee are as follows: H. A. Schwartz, Chair- 


man, J. B. Caine, V. Paschkis, A. E. Schuh, C. E. Sims, H. F. 
Taylor and E. C. Troy. 
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found by interpolating between the following values: 


Pb encwdenewds 0.19 Btu/lb,F 
4 eee 0.23 Btu/Ib,F 
Se EF csweeessseds 0.28 Btu/Ib,F 


The conductivity at full moisture content is not 
very different for 4 and 6 per cent—0.597 against 
0.672. 

This is understandable from Fig. 12 of the former 
report! which shows that the conductivity-moisture 
curve flattens out with increasing moisture content. 
Consequently, the differences in conductivity between 
6 and 4 per cent full moisture content increases 
when the sand is partially dried. For example, when 
the moisture content has dropped to ¥4 of the original 
value, the conductivities for 4 and 6 per cent initial 
moisture content are 0.223 and 0.387, respectively, 


TABLE 1—THERMAL CoNDUCTIVITY OF Dry SAND 20-30 
EXTRAPOLATED AFTER LUCKS AND CO-WORKERS 





Conductivities 
Btu /ft, hr, F 


Temperatures, F 





2200 0.704 
2000 0.600 
1750 0.480 
1500 0.417 
1250 0.350 
1000 0.300 
750 0.250 
600 0.215 
500 0.191 
400 0.169 
$00 0.149 
212 0.133 





TABLE 2—THERMAL CONDUCTIVITIES FOR AN INITIAI. 
MotsruRE CONTENT OF 6 PER CENT 
(Referred to the Weight of the Dry Sand) 

Temperature Range, 70F-212F 





Moisture Content in % of 
Original Moisture Content 


Thermal Conductivity 
(Btu /ft, hr, F) 





100 0.672 
7) 0.620 
50 0.530 
25 0.387 

0 0.133 
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Fig. 1—Time-temperature relationships—6 per cent ini- 
tial moisture content, 2000 F hot surface temperature. 


which is a ratio of almost 1.75. Of course, 14 of the 
original moisture content means | per cent actual 
moisture content in the case of the 4 per cent original 
value, and 1.5 per cent of the 6 per cent original 
value. 


‘IL. Experimental Results 


1. Temperature-Time Relationships are shown in 
Figs. 1 and 2 for hot surface temperatures of 2000 and 
2600 F, respectively. The higher surface tempcr.ture 
(2600 F) results of course at any given time (e.g., 80 
sec) and at a given point in the sand (eg., 4%¢ in. 
away from the surface) in a higher tempcrature (2400 
F) than the lower surface temperature (2000 F), which 
results at 14, in. below the surface after 80 sec in a 
temperature of 1700 F. The latter temperature is 
lower than, might be expected from a proportionality 
of temperatures: 

(2000 — 70)/ (2600 — 70) — 0.76, 
but (1700 — 70)/ (2400 — 70) = 0.70 
In order to have the same ratio, the temperature with 
2600 F at the surface would have to be 1840 F, in- 
stead of the measured 1700 F. From a comparison of 
such ratios it becomes obvious that: 

(a) The lack:of proportionality is more pronounced 
at greater dcpths than at smaller ones; 

(b) The lack of proportionality is in part caused 
by the decrease of dry sand conductivity at lower 
temperatures, and in part by the moisture content of 
the sand. 

In the graphs the curves for dry sand have been 
repeated from the respective graphs of the former 
report.! In view of the shorter time in some of the 
earlier experiments the dry sand curves do not extend 
all the way to 80 sec. 

2. Temperature-Space Relationships are shown in 
Figs. 3 and 4, the former holding for 2000 F, the lat- 
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ter for 2600 F. In these figures distances from the 
interface are plotted as abscissas and temperatures as 
ordinates. Each line holds for a different value of 
time of exposure to the constant hot surface tempera 
ture. The initial average. temperature gradient ove) 
the first 1000-degree temperature drop is almost twice 
as steep in case of the higher pouring temperature 
than in the case of the lower one, as may be seen by 
comparing the curves for 2 sec. 
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Fig. 2—Curves showing time-temperature relationship—6 
per cent initial moisture, 2600 F hot surface temperature. 
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Fig. 3—Space-temperature relationships—6 per cent mois- 
ture content, 2000 F hot surface temperature. 
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\ drop of 1000 F (from 2600 F to 1600 F) occurs 
over a distance of 0.01 in.; but for the surface temper- 
a:ure of 2000 F an equal drop of 1000 F (from 2000 
to 1000 F) occurs over a distance of 0.02 in. But con- 
s.lering an average gradient for the drop to 212 F, 
te difference has almost disappeared: the gradient in 
case of the 2000 F surface is 19800 F/in., whereas in 
the case of the 2600 F the gradient is 19900 F/in. 

3. Time-Space Relationships. These are shown in 
Fig. 5. Distances from the surface are plotted as ab- 
scissas, Square roots of times of exposure to the con- 
siant hot surface temperature as ordinates. Two pairs 
of curves are shown, one to dry completely, the other 
to reach a temperature of 212 F. In each pair one 
curve holds for an initial temperature of 2600 F, the 
other for 2000 F. The lines are almost straight indi- 
cating an approximate square law relationship. 

In plotting this curve, and incidentally the curve 2 
of the former report,' the influence of coarse lumping 
mentioned in Part I became particularly noticeable. 

Il. Conclusions 

1. Rate of Heat Extraction. As explained in the 
earlier report, conclusions may be drawn from the 
experiments regarding the heat withdrawn from the 
casting, even if the present investigations assume that 
the “hot surface’” which represents the casting-mold 
interface is held at a constant temperature; in actual 
casting practice the temperature of the interface will 
not be constant. The amount of heat withdrawal 
from the hot surface (from the casting) can be ex- 
pressed in Btu/hr, sq ft and compared with the 
amount of heat withdrawal which would obtain with 
completely dry sand. These comparisons are carried 
out in Figs. 6 and 7 for surface temperatures of 2000 
F and 2600 F, respectively. 

In each graph a third curve represents the ratio of 
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Fig. 4—Curves showing space-temperature relationships— 
6 per cent moisture, 2600 F hot surface temperature. 
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Fig. 5—Time-space relationship—heating moist sand. 


the rates of heat extraction. All curves are plotted 
against times as abscissas. As in the case of the former 
report, the differences between wet and dry sand van- 
ish after quite short times, indicating that at later 
times, i.e., for the solidification of thick castings, the 
difference between green and dry sands should be 
negligible. Under the condition of the experiment 
with the interface suddenly raised to a finite tempera- 
ture, the rate of heat extraction either with dry sand 
or with moist sand is theoretically infinite. 

However, the ratio of heat extraction by moist 
sand to that of dry sand is still finite, and is much 
lower than obtained from the analyzer experiments; 
2.24 in case of 4 per cent moisture, and 2.45 in case 
of the 6 per cent moisture. Moreover, the rates of 
heat extraction drop exceedingly quickly from thei 
initial theoretical infinite value. Exact computation 
is not possible in view of the fact that at least an ex- 
ceedingly thin layer reaches immediately temperatures 
beyond 212 F, with the ensuing change of properties. 
But assuming that the properties do not change until 
sometime after the start of the experiment (this is 
the assumption underlying the analyzer experiments), 
Table 3 may be compiled. 

The figures for 1 sec compare reasonably well with 
those observed for the moist sands on the analyzer; 
they are added as last line in Table 3 for the sake of 
comparison. 

2. Influence of Moisture Content. With figures for 
0, 4 and 6 per cent moisture content (by weight, with 
the weight of dry sand as reference point) available, 


TABLE 3—COMPUTED RATES OF HEAT FLOW AT VERY 
EarLty TIMES 
(2000 F surface temperature. 10‘ Btu/sq ft, hr) 





Moisture Content 








0% (dry) 4% 6%, 

0.01 sec 95.6 215 234 
0.1 sec 30.3 68.2 74.2 
1 sec 9.6 21.6 23.4 
1 sec observed 4.8 21.4 18.2 
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Fig. 6—Curves showing rates of heat flow vs. time. Hot 
surface temperature, 2000 F. 


one can compare, at least in a preliminary way, the 
influence of moisture content on performance. 

(a) Comparison of Heat Extraction 

The heat extraction continues over long times, 
theoretically over infinitely long time. In actual 
foundry practice it continues up to the moment when 
the casting is shaken out. However, Figs. 6 and 7 of 
the present report, and Figs. 8, 9 and 10 of the former 
report! indicate that after relative'y short time there 
is practically no difference between the heat extrac- 
tion, by the wet sand compared with that by dry 
sand. 

Hence it appeared reasonable to compare the total 
heat extracted from the casting during the first 60 
sec. This comparison is shown in Table 4. The heat 
extracted is expressed in Btu/sq [t. The table shows 
the heat extraction for a 2000 F and 2600 F surface 
temperature and for dry sand, 4 per cent and 6 per 
cent moisture. It may be seen that at 2000 F the dry 
sand extracts least heat, the 4 per cent somewhat more 
and the 6 per cent still more. At 2600 F surface temp- 
erature the order is reversed and the 4 per cent mois- 
ture sand seems to extract more heat than the 6 per 
cent sand. 

In all cases the differences are relatively minor. The 
obvious irregularities at 2600 F are explainable by the 
exigencies of the lumping procedure as used to date, 
and are part of the difficulties referred to in Section 
I. The procedure cou!d be refined at great expense 
in time; the refined procedure would probably elimin- 
ate such irregularities. 

At 2000 F the ratios of heat extracted are as follows: 
Dry: “4%” : “6%"" = 1:1.16:1.21 

At 2600 F the ratios are as follows: 

Dry: “4%” : “6%” = 1:1.19:1.11 
It should be repeated here that, quite in general 
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and without reference to the irregularity at 2600 F, 
heat extraction in actual casting will be somewhat 
different because the interface temperature will nor 
remain constant as was assumed here. But, in orde: 
to convey some ideas on order of magnitucles and the 
change in distribution which may be affected in a 
casting due to the changed heat extraction, the fol 
lowing figures are given. 

With a metal having a specific heat of 0.2 Btu/Ib, 
a density of 450 Ib/cu ft, and a heat of fusion of 126 
Btu/lb, the amount of 1000 Btu/sq [{t represents a 
drop in superheat of 132 F over a thickness of | in., 
or a drop of 264 F over a thickness of 4 in.; if there 
were no superheat to be withdrawn (i.e., if the liquid 
metal would reach the mold at the liquidus tempera- 
ture), then the amount of 1000 Btu/sq ft would suf- 
fice to extract the heat of solidification over a thick- 
ness of 0.21 in. 

(b) Comparison of Times 

Table 3 in the preceding section shows that the 
amount of heat extracted is not greatly influenced by 
the moisture content. This at first appeared surpris- 
ing, because the heat which has to be supplied to a 
given volume of sand before it can exceed 212 F is 
more than doubled if the moisture content (referred 
to dry sand) is 4 per cent: 7892 Btu/cu [t as compared 
with 3720 Btu/cu ft for dry sand (see Table 3, 
reference 1). 

One explanation for the surprisingly small influ- 
ence of moisture is to be seen in the small part which 
the heat absorption of sand up to 212 F plays. Take 
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Fig. 7—Curves for rates of heat flow vs. time. Hot surface 
temperature, 2600 F. 
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or example, the case of 2000 F surface temperature 
nd 6 per cent moisture. 

After 20 sec a total of 404 Btu/sq ft have been with- 
rawn (see Fig. 6). Of this total 242 Btu/sq ft have 
en absorbed by the first 2.7/16 in. of sand, in their 
ise above 212 F, and the balance of 162 Btu/sq ft is 
stored in the first 7.5/16 in. to a varying degree, but 
ll below 212 F. Figure 8 shows the approximate 
iemperature distribution at this time. 

Another way of looking at the small change of 
heat extraction is by observing the times to reach 212 
F and to leave it. In case of wet sand there is a dwell 
time at 212 F, necessary to supply the heat of evapora- 
tion of moisture; hence there is for any point one 
value of time to reach 212 F and another to leave it 

evaporation completed). 

For dry sand there is only one time to reach 212 F. 
Now, since the apparent conductivity of moist sand is 
higher than that of dry sand, the temperature of 212 
F will be reached sooner in case of moist sand than in 
case of dry sand. This tends to increase the amount of 
heat extraction, since the temperature difference be- 
tween constant surface temperature and the local 
temperature is decreased. But then the dry sand has, 
so to say, the opportunity to catch up and even to 
overtake the wet sand: the times at any point in the 
mold to leave 212 F for wet sand is longer than the 
time for dry sand to pass through 212 F. 

This reversal counteracts the original increase in 
heat extraction from moist sand as compared with dry 
sand. Thus the difference in total heat extraction is 
relatively small. This is shown in Table 5, in which 
the times to reach 212 F and to leave it (complete 
dryness) are shown for various distances from the sur- 
face and for the two surface temperatures. 

The times to reach 212 F in case of 4 per cent 
moisture are longer than those in case of 6 per cent 


TasBLe 4—Totat Heat Extraction (Btu/sQ FT) 
DurinG First MINUTE 
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Fig. 8—Curve showing space-temperature distribution 20 
sec after start of heating. Hot surface temperature, 2000 F. 


moisture. The further one moves from the interface, 
the greater is the distance through which the heat 
has to travel through the sand. A large part of this 
travel is under the influence of a temporarily constant 
head of 212 F (obtaining from the evaporating parts) . 

This head finds, in case of the 4 per cent moisture 
sand, a medium with lower thermal conductivity 
than in the case of the 6 per cent moisture sand. 
Consequently, it takes longer to reach the 212 F in 
sand with 4 per cent moisture compared with that of 
6 per cent. The greater amount of water to be evap- 
orated causes, however, the 6 per cent sand to dwell 
longer at 212 F than does the 4 per cent sand and, 
therefore, the times to “leave 212 F” are longer in 
case of the 6 per cent sand than in the case of the 4 
per cent sand. 

3. Practical Application. In view of the small ratio 
of heat extraction values of moist sand compared with 
dry sand, it may be stated in general terms that the 
moisture content will have no great influence beyond 























Surface Heat Extraction by Sand with Moisture : eo : 
Temp., F as Noted the first few minutes of solidification. 
<< a ve —— = 6%, However, thin castings or thin parts of castings 
- She e which freeze in a short time and which have a rela- 
ro oan feo i tively small amount of heat to give off to the mold, 
‘ may be greatly influenced by moisture content. 
Taste 5—TimMes FOR TEMPERATURES TO REACH AND LEAVE A TEMPERATURE OF 212 F 
Surface at 2000 F Surface at 2600 F 
Distance 4%, Sand 6% Sand Dry 4%, Sand 6% Sand Dry 
from surface, in. Reach, _ Leave, ‘Reach, Leave, Sand Reach, Leave, Reach, Leave, Sand 
216 ‘ 9.0 113 14 73 Fa aa 
3/16 3.0 22.8 12 24.0 17.8 2.0 17.4 0.87 18.6 14.3 
4/16 39.0 40.5 41.6 29.0 31.5 24.2 
5/16 15.0 58.8 13.2 64.3 47.5 11.0 42.8 9.8 48.4 35.8 
7/16 18.8 17.0 14.0 13.5 63.3 
9/16 21.0 17.0 16.3 
11/16 51.5 47.0 37.0 35.4 
13/16 54.3 41.5 39.5 
15/16 60.0 67.0 43.7 
17/16 69.0 
19/16 80.3 


21/16 


87.2 
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Thus one can summarize the findings by stating 
that thin castings will freeze in considerably shorter 
time under the influence of moisture content, whereas 
the influence of moisture in case of thick castings is 
limited to the increase of solidification rate of the 
very first layer to freeze; the total solidification time 
in case of thick castings is not influenced. 


IV. further Work 


Extension of this work is possible in several direc- 
tions. Through application of a finer network smooth- 
er curves can be obtained, and the irregularities in- 
vestigated. Work with a lower, or higher, moisture 
content than covered to date is possible. 

Finally, the assumption of a constant hot surface 
temperature can be dropped, and an actual casting 
can be simulated. 

Since, however, the difference in heat extraction be- 
tween dry and moist sand is certainly small during 
the first minute and almost negligible thereafter, the 
extension of work in any of the three directions is 
reasonable only if the high heat extraction in the 
first few seconds is metallurgically significant from 
the viewpoint of crystal growth, etc. 

Of course, there is considerable theoretical interest 
in the problem. But there is some question how much 
practical significance an extension of the work would 
have outside the immediate chilling effect. 
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J. B. Caine (Written Discussion):* Dr. Paschkis’ work h: 
some interesting applications in regard to sand collapsibility an 
hot tearing. Recent work on hot tearing by Bishop, Ackerlin 
and Pellini* shows that hot tearing in steel sections under 2 i: 
occurs 2 to 3 min after pouring and with contractions measure 
in thousandths of an inch. This work emphasizes the need fc 
information concerning the rate of heat input into the first 
in. or so of the sand during the first few minutes after pouring 
Data in these space, time intervals are difficult to obtain exper 
mentally. 

Bishop, Brandt and Pellini (A.F.S. TRANsactions, vol. 59, p. 
442, 1951) have published sand temperatures 14 in. back fron 
the sand-metal interface at an interface temperature cf 2600 |} 
the same as used in Fig. 2 of this paper. However, the sani 
temperatures determined experimentally are of a different orde 
of magnitude than those given in this paper. Figure 2 of thi 
paper shows the sand 4 in. back from the sand-metal interfac: 
reaches a temperature of 400 F in 0.35 min, 800 F in 1.0 min 
The experimental temperatures are 400 F in 2 min, 800 F in 
about 3.4 min. 

Could these discrepancies be due to sand grain size? Referenc: 
2 of this paper shows quite a difference in heat conductivities 
under equilibrium conditions due to grain size. The sand tem 
peratures were determined experimentally with an A.F.S. 80 
sand, the sand used in this work is much coarser A.F.S. 20-30 
grain size. 

Dr. Pascukis (Written Reply to Mr. Caine): There are two 
possible explanations for the difference between the times indi 
cated in the present paper and in the paper by Bishop, Brandt 
and Pellini (A.F.S. TRANSACTIONS, vol. 59, p. 442, 1951). 

First, as Mr. Caine indicates himself, the sand in the two 
investigations was not identical. The lower conductivity used by 
Bishop and coworkers should result in a slower temperature rise 
in the sand. 

The second possible explanation is the difficulty in accurately) 
locating the thermocouple in sand and of measuring tempera- 
tures in sand altogether. 

The temperature gradient in the sand is very steep and a 
small error in Iccation of the couple, perfectly reasonable for 
normal experimentation, may result in considerable variations 
in time to reach a certain temperature. Moreover the tempera- 
tures in the sand are hard to measure because of possible poor 
contact of the couple with the sand. This latter difficulty is, 
however, somewhat controversial. 





1 Foundry Consultant, Cincinnati 15, Ohio. 
* “Metallurgy and Mechanics of Hot Tearing,’’ A.F.S. Transactions, vol 
60 (1952). 
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EFFECTS OF MELTING FURNACE 





ATMOSPHERE ON 


FLUIDITY, HOT TEARING TENDENCY, AND OTHER 
PROPERTIES OF MALLEABLE IRON 


By 


E. A. Lange* and R. W. Heine** 


Introduction 


The properties of white cast irons are known to 
vary in a way that is related to factors operating dur- 
ing the practice of foundry melting. Some of the 
properties suspected of being affected by melting con- 
ditions are fluidity, tendency toward hot tearing, mot- 
tling tendency, response to malleablizing, and the 
mechanical strength of the malleablized white iron. 
The aforementioned properties could be favorably or 
unfavorably altered by a number of melting variables. 

Among these are the materials involved such as the 
metal charge, fuels, and refractories; slags and gases 
which may interact with the melt; the cycle of tem- 
perature and composition changes which occurs; the 
type of melting furnace; the pouring practice; and 
many other factors. A few of the foregoing melting 
conditions which influence metal properties have been 
studied experimentally, but many remain uninvesti- 
gated. Included in the unevaluated factors are the 
effects of melting furnace atmospheres. The furnace 
atmosphere presents a melting condition of consider- 
able significance in the malleable iron foundry in 
view of the extensive use of reverberatory type fur- 
naces where reactions between the molten metal and 
the atmosphere above it occur over an extended 
period in the melting cycle. The influence of these 
melting furnace gases on the properties of malleable 
iron is being investigated as a research project of the 
A.F.S. Malleable Division Research Committee. The 
present paper reports some of the progress made in 
the investigation. Since the research work is far from 
completed, this paper should be viewed as offering 
results only in their present state of development. 

Nitrogen, carbon monoxide, carbon dioxide, oxy- 


* A.F.S. Project Asst., Dept. of Mining and Metallurgy, En- 
gineering Experiment Station, University of Wisconsin, Madi- 
son, Wis. 

** Asst. Prof. of Metallurgical Engineering, Dept. of Mining 
and Metallurgy, University of Wisconsin. 
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Chairman, H. Bornstein, W. A. Kennedy, J. H. Lansing, R. P. 
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gen, hydrogen, water vapor, and possibly hydrocar- 
bons may exist under various conditions in melting 
furnace atmospheres. Of these gases very small per- 
centages of nitrogen, oxygen, and hydrogen have been 
proven to exist in some form in cast irons, The melt- 
ing furnace atmosphere, then, may act as a source of 
these gases and alter the amounts present in the iron. 
Once present in the iron, fundamental properties of 
the metal may be influenced. In addition to direct ef- 
fects of gases in iron, indirect ones may exist because 
of chemical reactions between the melt and furnace 
gases. An atmosphere could be oxidizing, neutral, or 
reducing and thus promote or restrict chemical re- 


Fig. 1—Photograph showing the physical set-up for melt- 
ing under atmospheres and pouring fluidity and hot tear 
castings. 
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actions. Whatever the direct or indirect effects of the 
gases may be, a study of the problem is made difficult 
by the fact that the reacting metal bath and furnace 
gases in foundry melting are complex in chemical 
composition and thermal history. The molten iron 
contains carbon, silicon, manganese, sulphur, phos- 
phorus, and other elements while the furnace atmo- 
sphere consists of a mixture of the previously listed 
gases varying in concentration according to the com- 
bustion conditions prevailing. In this situation, com- 
plicated by rising and falling temperatures and the 
presence of some slag, the nature and existence of 
equilibrium conditions between molten metal and at- 
mosphere is difficult to visualize. The complexity and 
variation of the melting furnace atmosphere particu- 
larly makes a direct study of the influence of this at- 
mosphere on metal properties inadvisable. It was 
therefore decided to simplify the problem, at least in 
the beginning, by investigating the effects produced 
by atmospheres developed from introducing pure 
gases of only one constituent over the molten metal. 
This method of attack was expected to yield the prin- 
cipal and sienificant effects of individual gases. The 
effects of nitrogen, carbon monoxide, carbon dioxide, 
hydrogen, water vapor, and argon on hot tearing ten- 
dency, fluidity, chemical composition changes, mot- 
tling, and pinholing were studied by the procedure 
described in the following section. 


Experimental Procedure 


Since the investigation is concerned with the effects 
of a particular phase of melting practice on metal 
properties, details of the steps in the entire melting 
cycle are of the utmost importance. The steps fol- 
lowed in the melting process are therefore listed be- 
low together with explanatory information where 
necessary: 

(A) Nine pounds of duplex process white iron 
sprue are melted down in a covered 17-lb magnesia 
crucible by induction heating. The melting stock* 
is the same material used in earlier work.! When the 
metal temperature reaches 2500 F, slag is removed 
from its surface. Time required for this step is 55 
to 60 min. 

(B) The melt is then heated to 2600 F in about 5 
min. At this time the composition is adjusted. Higher 
carbon contents are obtained by adding pulverized 
electrode graphite. Carbon contents below the melt- 
down of about 2.30 per cent are obtained by oxida- 
tion with the crucible cover removed. Ten points of 
manganese in the form of low carbon 85 per cent 
ferro-manganese are added to all heats except a few 
in which the effect of higher manganese percentages 
were studied. 

(C) The melt is then heated to 2700 F, allowing 
about 10 min for solution of additions. 

(D) A cover specially prepared for maintaining the 
desired gas atmosphere is placed on the crucible. The 
gas flow is started and continued at 2 liters/min over 
the molten metal. The physical set-up of gas tank, 
meter, purifying train, thermocouple pyrometer, fur- 
nace, and crucible cover is shown in Fig. 1. The 





* Average analysis of 2.54 per cent C; 1.30 Si; 0.41 Mn; 0.147 
S; 0.11 per cent P. 
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crucible cover permits the insertion of a silica prote: 
tion tube for the platinum-platinum rhodium thermo 
couple and the introduction of the gas atmospher 
through a silica tube extending downward to withi: 
3%4-in. of the metal surface. A hole 54-in. in diamete: 
in the center of the cover permits the exit of the 
furnace gases at virtually one atmosphere pressure 
and allows the withdrawal of metal samples. 

(E) The crucible is flushed with the 2 liter/min 
gas flow for 15 min while maintaining the tempera- 
ture at 2700 F. Samples of metal and gas are taken 
at this time, called the zero-time of a 60-min holding 
period. The metal samples are taken by sucking them 
into a pyrex tube which is subsequently quenched in 
water. Gas samples are taken by displacement of mer 
cury in a gas sampling bottle. 

(F) The molten metal is held at 2700 F for 60 min, 
maintaining gas flow at 2 liter/min. Metal and gas 
samples are taken at 30- and 60-min time periods. 
Temperature variation during this period is + 10 F. 

(G) At the end of the 60-min holding period fluid- 
ity and hot tear castings are poured. About 10 sec or 
less elapse from the moment the furnace power is cut 
off to the end of pouring. Data are immediately taken 
on the hot tear casting by the procedure described in 
Reference 1. 

Data obtained by following the practice described 
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Fig. 2—The modified spiral casting employed for making 
fluidity measurements (Reference 2). 












a atten. Sonltlatas + witeaitl 














}. A. LANGE AND R. W. HEINE 


vove established the relationships existing between 
ielting furnace atmosphere and metal properties. 
luidity effects were measured by casting a fluidity 
-piral from each heat. The spiral employed was de- 
eloped by E. A. Lange, L. F. Porter, and P. C. Rosen- 
thal, and is a modification of the Saeger and Krynit- 
‘ky fluidity test. Figure 2 shows the spiral casting and 
ts use in fluidity measurements is described in detail 
by Porter and Rosenthal.? Also poured from each 
heat was the hot tear test casting developed especially 
for this research project and described in Reference 
|. The two castings were poured from a number of 
heats melted under each atmosphere but varying in 
carbon percentage so that the relationship between 
carbon content and these two properties could be de- 
termined, assuming, of course, that other elements in 
the iron are held virtually constant. The samples of 
metal and gas withdrawn from the furnace during 
the 60-min holding period made it possible to deter- 
mine the existence and nature of chemical reactions 
between melt and atmosphere. Observations of mot- 
tling tendency were made on fractures of the lower 
one-third of the well of the fluidity casting (Fig. 2). 
The fluidity well also provided visual evidence of any 
tendency for metal porosity due to gas evolution dur- 
ing pouring and cooling of the casting. 

The practice of holding the metal at 2700 F in con- 
tact with the furnace atmosphere for a 60-min period 
was found necessary since shorter periods did not 
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cause an apparent equilibrium to be reached. Some 
heats made under a nitrogen atmosphere but held 
only 30 min at temperature definitely proved that an 
equilibrium condition with respect to the metal prop- 
erties of fluidity and hot tearing was not reached 
during the shorter holding period. The difficulty of 
reaching some kind of equilibrium is a problem in all 
gas-metal studies, and was encountered several times 
during this work in spite of the 1-hr holding period. 


Chemical Composition 


The composition of the furnace gases and their 
effects on the chemical composition of the metal dur- 
ing the 60-min holding period was determined for 
each of the atmospheres studied. Data obtained in 
heats where nitrogen, argon, carbon monoxide, hydro- 
gen, water vapor and carbon dioxide were introduced 
as the furnace atmosphere are presented in Tables | 
through 6. These results may be interpreted accord- 
ing to the chemical nature of the atmosphere, i.e., 
neutral, reducing, or oxidizing. The composition 
changes of the metal followed established principles 
reported in other papers by the authors** On the 
basis of these principles it was anticipated that metal 
composition would be influenced by the melting pro- 
cedure as follows: 

1. The principal losses of manganese and silicon 
should occur during melting down and when metal 
temperatures are under 2600 F. 


TasBie 1—DATA FoR HEATs MApE AT 2700 F UNpeR CO ATMOSPHERE 











Heat Metal Composition, % Gas Composition, %* Fluidity, Hot Tear Spring 
No. Cc Si Mn P s SC Swe in. Deflection, 0.0001 in. 
K-l 2.53 1.14 _— 23.0 48 
K-2 2.60 0.157 23.7 49 
0 min 2.60 1.31 0.44 0.107 1.23 vom 
30 min —_ 1.32 0.42 0.82 _— 
60 min 2.58 1.32 0.43 0.112 0.92 98.90 
K-3 2.20 = = 19.4 a 
0 min 2.20 1.34 0.42 0.87 99.10 
30 min 1.31 0.42 0.94 = 
60 min 2.18 1.31 0.43 0.95 a 
4 2.18 0.81 _— 18.6 57 
0.63 — 
0.56 aed 
5 2.80 1.18 — 25.1 52 
0.75 _ 
0.76 tains 
6 2.88 0.85 _— 24.8 57 
0.75 ome 
0.76 bua 
7 2.92 1.36 -_ 27.6 68 
0.80 a= 
0.72 _— 
KR 2.08 0.43 0.82 ~~ 17.1 51 
0.73 _ 
0.78 _— 
9 2.08 0.44 0.99 — 18.3 81 
0.88 a 
0.83 — 
10 2.45 0.93 —_ 20.3 50 
0.66 site 
0.62 — 
1] 2.02 0.70 15.5 95 


1 Percentage carbon determined on twinnings taken from hot tear casting, other analyses on samples sucked from melt. 
* Gas analyses were performed with a Bureau of Mines type precision gas analyzer. 


* Hot tear casting did not fill out at stud end. 


‘Where three values are presented they represent samples taken at the 0-, 30- and 60-min periods. 




















‘TABLE 2—DarTa For Heats aT 2700 F UNpDER 
HYDROGEN ATMOSPHERE 








TaBLe 3—DaTA FOR HEATs Mape at 2700 F UNpDER 
ARGON ATMOSPHERE 


Hot TEARING TENDENCY IN MALLEABLE ]RON 

















Metal 

Heat Compésition, % Gas Composition, % Fluidity, Hot Tear, 

No. C . oS eA in. 0.0001 in. 
12.2 868 1.59 

M-1 2.27 114 84.8 11.5 85 
10.0 869 1.11 

M-2 2.58 90 674 4.72 19.7 71 

M-3-0 2.88 0.155 13.1 83.4 3.00 

M-3-30 =. 2.80 

M-3-60 2.74 13.1 85.0 2.5 22.8 72 

M-4-0 2.50 18.6 779 19 

M-4-30 2.45 

M-4-60 2.40 155 813 23 18.9 86 
12.1 71.2 

M-5 2.01 14.0 60.5 12.2 62 

M-6 2.29 153 82.4 2.3 16.1 92 
14.8 83.0 22 

M-7 2.04 0.156 14.6 83.7 1.7 13.2 93 





2. No losses of silicon or manganese should occu 
during a holding period at temperatuies above 2670 
F under neutral or reducing gases. Silicon or man- 
ganese losses would not be anticipated under oxidiz- 
ing gases unless iron oxide as a solid or in a slag is 
developed by those gases. 

§. Carbon losses would begin under oxidizing at- 
mospheres as soon as the dry slag cover disappears on 
heating above about 2500 F. 

4. No change in sulphur or phosphorus would be 
anticipated. 

The data presented on Tables 1 through 7 support 
these principles completely. A summary of metal 
analysis changes. during the 60-min holding period is 











Heat Gas Composition, %' Fluidity, Hot Tear, 
No. a a al | 0.0001 in. 
L-1* 2.36 3.79 0.34 15.7 77 
0.45 0.17 
0.29 0.09 
L-2 2.39 0.33 1.17 17.4 58 
0.13 0.37 
0.10 0.30 
L-3 2.79 0.42 1.26 23.7 51 
0.23 0.76 
0.21 0.57 
L-4 2.13 0.42 0.97 16.0 72 
0.30 0.45 
0.16 0.48 
L-5 2.32 0.73 0.44 16.9 75%° 
0.40 0.67 
0.16 0.29 
L-6 2.60 0.53 0.79 19.5 ——%® 
0.33 0.50 
0.25 0.30 
L-7 2.13 17.1 54 
L-8 1.85 14.1 130+ 


* Per cent Mn, 0.43 

** Fin at hot spot. 

+ No break—bad crack at sprue. 

?The three values given are 0-, 30-, and 60-min samples. 
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given in Table 7. No loss of silicon or manganese 
occurred during the holding period at 2700 F regard- 
less of the atmosphere employed. There was, how- 
ever, a difference in the melt-down loss of silicon and 
manganese in the heats made under the oxidizing at- 
mospheres produced by carbon dioxide and water 
vapor. The neutral gases produced a final metal 
analysis of about 1.30 per cent Si, whereas the oxidiz- 


TaB_Le 4—DaTa FoR Heats MADE AT 2700 F UNDER No ATMOSPHERE 




















Heat Metal Composition, °% Atmosphere, %' Fluidity, Hot Tear Spring Holding 
No. a Si Mn ~ CO, co in. Deflection, 0.0001 in. Time,hr 
P-1 2.04 13.7 99 % 
P-2 2.40 20.0 64 VY 
P-3 2.24 14.0 52 \ 
Pp-4 2.52 6.75 8.61 21.5 55 Y% 
0.64 0.21 
P-5 2.39 (60) 
1.55 0.52 17.0 52 l 
P-6 2.68 23.5 37 Vy 
P-7 2.52 1.30 0.51 — 48 l 
0.72 0.18 — 
P-8 2.13 2.15 0.50 — 53 l 
0.98 0.33 —_ 
0.862 0.29 — 
P-9 2.49 0.34 0.17 — 54 1 
0.31 0.15 — 
P-10 2.59 1.31 anes — 55 1 
P-11-0 2.58 1.29 Al 
P-11-60 2.53 1.28 40 17.8 60 1 
P-12 2.39 0.33 0.17 16.2 55 ’ l 
0 0 
0 0 
P-13 2.53 0.34 0.34 18.8 40 1 
0.28 0.14 
0.19 0.19 
P-14 2.07 11.9 101 1 
P-15 2.92 25.9 25 1 
P-16 2.86 1.29 212 61 1 
P-17 2.34 14.8 58 1 


1 The three values given are 0-, 30-, and 60-min samples. 
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ig gases yielded one of about 1.20 per cent. This 

; (lect is thought to be due to the fact that more iron- 
: xide-bearing slag was formed, and also carried over 
n the crucible walls from heat to heat during experi- 
ients with the latter gases. However, it should be 
ecognized that the oxidation losses occurred during 
melt-down or raising of the temperature and not upon 


: holding under the oxidizing atmosphere once the 


700 F temperature was reached. 


The principle metal analysis variable was carbon. 
it can be seen from Table 7 that virtually no carbon 
losses occurred from CO and Nz atmospheres. The 
slight loss evident, 2 to 5 points/hr, is believed due 
to iron oxide remaining on the crucib'e walls from 
the melting-down step. Hydrogen caused a small loss 
of 10 to 14 points/hr. The composition of the fur- 
nace gases, Table 2, shows the presence of methane 
and anpreciable carbon monoxide, and this explains 
the carbon drop. A more rapid carbon loss resulted 
from the oxidizing gases, carbon dioxide and water 
vapor. The latter gases caused carbon to be lost at 
the rate of 55 to 69 points/hr. The ox‘dation rate in 
air with the metal at 2700 F was about | point/min, 
so that similar rates prevailed in the three oxidizing 
gases studied. The aforementioned rates were de- 
penda*le enough so that carbon contents could be 
controlled and predicted with reasonable accuracy. 

The cemposition of the furnace atmosnhere gener- 
ated hv each gas is of interest. All the tank gases were 
treated bv a purifying train before entering the fur- 
nace chamber. Water was removed by a calcium 
chloride tower series, and CO. was removed by con- 
centrated KOH and ascarite. Melting furnace atmo- 
spheres produced by the gases argon and nitrogen, 


TABLE 5—DATA FOR Heats AT 2700 F UNDER 
CARBON D1ioxIDE ATMOSPHERE 


TABLE 6—DatTA For Heats AT 2700 F UNDER 
WATER VAPOR ATMOSPHERE 





Metal Gas 
Heat Composition, % Composition,%* Fluidity, Hot Tear, 
No. C Si MnCo, H, CO CH, in. 0.0001 in. 
R-l = 2.44 1.15 19 45 
R-2 2.41 6.82 42.65 45.20 5.80 18.9 51 
R-3 1.80 3.37 45.30 44.80 6.00 6.5 No break 
R-4 2.63 1.17 .35 
(0-min) 
R-4 2.08 1.18 .35 11.3 76 
(60-min) 
R-5 = 2.53 5.53 45.50 39.70 9.90 19 40 
R-6 3.36 1.19 .39 
(0-min) 
R-6 2.70 1.21 40 5.88 46.20 40.15 7.70 23.3 33 
(60-min) 


*60 Minute Samples, saturated basis 











Metal Gas 
Heat Composition,% Composition, % Fluidity, Hot Tear, 
No. C Si Mn co, co in. 0.0001 in. 
Q-1 = 2.13 23.0 12.6 76 
35.9 63.8 
; $2.7 67.1 
| Q-2 2.46 37.8 17.4 73 
41.7 
Q-3 2.50 48.3 16.8 56 
48.0 
| Q-4 2.60 21.1 47 
Q-5 2.16 40.5 13.7 78 
40.6 
41.9 
: Q6 2.49 44.9 17.7 47 
: 43.3 
39.3 
Q-7 3.42 1.22 0.39 39.7 
(0-min) 
Q-7 2.77 1.22 0.42 34.4 24.3 55 
(60-min) 
Q-8 2.98 1.22 0.35 43.0 
(0-min) 
Q-8 2.29 1.21 0.37 39.6 17.3 56 
(60-min) 
Q-9 2.04 37.8 12.6 80 
35.7 
Q-10 2.12 37.6 10.9 63 
35.3 
36.6 











Tables 3 and 4, showed small percentages of both 
carbon oxides. The carbon oxides are believed to 
originate by the reaction of carbon in the melt with 
the slight amount of iron oxide adhering to the cru- 
cible walls from the melt-down operation and carry- 
ing over from heat to heat. The same iron oxide is 
thought to be responsible for the CO in the atmo- 
sphere of hydrogen treated heats (Table 2). Both the 
hydrogen and water vapor atmospheres developed 
appreciable pcrcentages of methane. 

Interpretation of furnace atmosphere compositions 
developed by water vapor and carbon dioxide, Tables 
5 and 6, is questionable because of the nature of the 
sample. Samples were taken near the point of efflu- 
ence of the gases from the furnace. However, the 
active effect of the gas exists where it contacts the 
metal and there its composition is rapidly changing 
due to the chemical reactions involved. The gas 
analysis presented in Tables 5 and 6 are therefore 
probably qualitative rather than quantitative in their 
relationship to the reactions actually progressing at 
the metal-gas interface. 


Atmosphere Effects on Fluidity 


Fluidity spiral castings were poured from each con- 
trolled atmosphere heat. The fluidity in inches spiral 
length is given for each heat in Tables | through 6. 
These data are plotted in Figs. 3 and 4. Figure 3 
shows the data revealing the effects of introducing 
carbon monoxide, argon, and hydrogen over the melt 
when the spiral casting is poured from 2700 F at 
various carbon levels. Also shown in Fig. 3 is the 
comparison with standard fluidity results obtained 
when an atmosphere formed by merely covering the 
melting crucible is in contact with the metal. The 
curves shown for the air standard were plotted from 
the following formulas: 

Fluidity, in. = 3.81 F + 0.055T — 161.5 
where T = temperature, °F 
F = a chemical composition factor obtained 
from the equation F = 3.4 C + 0.26 Si + 0.57 
C x P in which C is the percentage carbon, Si 
the silicon, and P the phosphorus percentage 
in the iron. 
These formulae were obtained from Reference 2. The 
fluidity curve obtained for irons melted under the 
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CO atmosphere closely follows the standard air fluid- 
ity curve and substantiates it. This might be expected 
since metal in a covered crucible, i.e., the condition 
referred to herein as standard air, would have an at- 
mosphere above it high in CO content. A notable 
effect shown in Fig. 3 is the decrease in fluidity caused 
by hydrogen. The same effect is produced by argon 
at high but not at low carbon contents. Lowered 
fluidity was also obtained when nitrogen, carbon di- 
oxide, and water vapor atmospheres were employed. 
Data for the aforementioned gases are plotted in 
Fig. 4. 

For comparison purposes, idealized fluidity curves 
produced by all the atmospheres studied are given in 
Figs. 5 and 6. From the latter figures several facts are 
evident. Of the gases studied, a carbon monoxide 
atmosphere produces maximum fluidity. Fluidity is 
lowered by the neutral gases argon and nitrogen, by 
the oxidizing gases carbon dioxide and water vapor, 
and the reducing gas hydrogen. Nitrogen appears to 
be the most effective in lowering fluidity over the 


Fig. 3—Graphs showing the relationship between percent- 
age carbon and fluidity in inches when the duplex iron is 
poured from 2700 F after a 1-hr holding period at tem- 
perature in contact with the special gas atmosphere. The 
two curves on the standard air atmosphere fluidity graph 
are for two different irons, the upper curve being for the 
duplex iron having about 1.31% Si and 0.11 % P, and the 
lower curve one for a cold melt iron of 1.07% Si and 
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Fig. 4—Graphs showing the relationship between percent- 
age carbon and fluidity in inches when the duplex iron is 
poured after holding 1 hr at 2700 F in contact with atmo- 
spheres developed by N,, CO,, and water vapor. In the 
case of N,, a curve for a /2-hr holding period is also shown. 


TABLE 7—EFFEctT OF GASES ON CHEMICAL COMPOSITION 
Durinc 60-M1n Ho.pinG PERIOD 








Heat Gasat C,% AC Si,% ASi Mn,% AMn 

No.* 2 liter /min pts/hr pts/hr pts/hr 
K-2-0 co 2.60 1.31 0.44 
K-2-60 2.58 —2 132 +41 043 —l 
K-3-0 2.20 1.34 0.42 
K-3-60 2.18 —2 131 —3 0.43 +1 
M-3-0 H, 2.88 
M-3-60 2.74 —14 
M-4-0 2.50 
M-4-60 2.40 —10 
P-11-0 Nz 2.58 1.29 0.41 
P-11-60 253 —5 128 —1 0.40 —l 
Q-7-0 co, 3.42 1.22 0.39 
Q-7-60 2.77 —65 1.22 0 0.42 +3 
Q-8-0 2.98 1.22 0.35 
Q-8-60 2.29 —69 121 —1 037 +2 
R-4-0 H,O 2.63 1.17 0.35 
R-4-60 2.08 —55 1.18 +41 0.35 0 
R-6-0 3.36 1.19 0.39 
R-6-60 2.70 —66 1.21 42 0.40 +1 


*0 and 60 indicate the initial and final analyses during the 
60-min holding period. 
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Fig. 5—Idealized curves of fluidity vs. carbon percentage 
in the duplex iron poured from 2700 F after a 1-hr holding 
period. 


entire carbon range. Figs. 5 and 6 also show that 
there is tendency at the higher carbon percentages for 
fluidity to increase under all atmospheres toward the 
higher level promoted by a carbon monoxide-rich 
atmosphere. The nature of the data suggest the pos- 
sibility that the decreased fluidity promoted by all 
atmospheres except carbon monoxide is due to an 
absence of CO in the melt rather than the presence 
of some other gas. The actual explanation of the 
fluidity effects observed, of course, requires additional 
work. 


Atmosphere Effects on Hot Tearing Tendency 


A hot tear test casting was poured from each heat 
melted under a special atmosphere. The hot tear test 
described in Reference 1 was utilized and yielded the 
data presented in Tables 1 through 6. The data 
obtained from heats melted and held at 2700 F under 
carbon monoxide and hydrogen atmospheres, Tables 
1 and 2, are shown plotted as curves in Fig. 7. This 
figure includes a graph of the relation of percentage 
carbon to resistance to hot tearing as set forth in 
Reference 1 for melting under an air atmosphere. 

The upswing above 2.60 per cent carbon in the 
curve for metal melted under CO is accompanied by 
micro-mottling, as in the case of air atmospheres, Re- 
ference 1. The effects revealed in Fig. 7 have special 
significance in terms of the range of values encount- 
ered. The curve for hydrogen appears to te an upper 
limit, while that for carbon monoxide a lower limit of 
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hot tear resistance at carbon percentages below about 
2.50 per cent when the metal is poured from 2700 F. 
On the other hand, the hot tear resistance curve for 
metal melted under air is intermediate, being be- 
tween the curves of the two former gases except at 
about 2.60 per cent carbon where it falls to a mini- 
mum. 

Atmosphere effects on hot tearing similar to those 
of air. were produced by nitrogen and water vapor. 
Data from Tables 4 and 6 for the effects of these gases 
are shown plotted in Fig. 8. The data for water vapor 
atmosphere heats follow the curve for air values 
closely. The nitrogen data show considerable scatter 
although they remain well within the limits of the 
two extremes encountered, CO and Ho, and follow in 
a general trend the curve of the air data. It may be 
noted in Fig. 8 that a minimum resistance to hot tear- 
ing was encountered at high carbon content under a 
nitrogen atmosphere. 

The hot tear data for carbon dioxide atmosphere 
heats, Table 5, are shown plotted in Fig. 9. Some 
values from these data are seen in Fig. 9 to fall di- 
rectly on the curve for metal melted under a CO 
atmosphere. Other values are displaced from the CO 
curve and suggest a curve of the same general shape 
but shifted to the right. The displacement may be 
associated with some oxidation factor since air and 
water vapor show similar effects. 

The increased resistance to hot tearing above 2.60 
per cent carbon evident in Figs. 7 through 9 is related 
to the micro-mottling phenomenon reported in Refer- 














26 
/ 
24+ 
22+ 
20 
x 
y 
= et 
Z 4, 
2 / / 4 > 
a) / / 
ol / 
16 fr 
4 TA ———— Np 1 
Vi ————— 609 
jf —— - —— #0 
f ——-- — AIR 
2e + 
y y 
10 / rn i 1 L 1 
2.00 2.20 2.40 2.60 280 3.00 


PER CENT CARBON 


Fig. 6—Idealized curves of fluidity vs. carbon percentage 
in the duplex iron poured from 2700 F after a 1-hr holding 
period. 
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Fig. 7—Graphs showing the relationship between percent- 

age carbon and resistance to hot tearing when the duplex 

iron is poured from 2700 F after a 1-hr holding period 

under atmospheres produced by carbon monoxide and 

hydrogen. The curve for the air values is reproduced from 

Reference 1. Micro-mottling indicates the presence of 
primary graphite (Reference 1). 
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Fig. 8—Graphs showing the relationship between percent- 

age carbon and resistance to hot tearing when the duplex 

iron is held for 1 hr at 2700 F under atmospheres prodaced 

by nitrogen and water vapor. The curve for the air values 
is reproduced from Reference 1. 
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Fig. 9—Plot of hot tear data obtained from duplex metal 

held for 1 hr at 2700 F under an atmosphere develoned 

by CO,. The CO curve is the same as that shown in Fig. 7 
for data from CO atmosphere heats. 


ence 1. The effect of atmospheres on mottling can be 
observed microscopically in the hot tear castings, but 
is more easily studied in the well of the fluidity cast- 
ing, as pointed out in a later section. 

Effect of Temperature on Hot Tearing: As a part of 
the study of the influence of atmospheres on hot tear- 
ing, the effect of pouririg temperature was deter- 
mined. Since temperature greatly influences the solu- 
bility of gases in metals, it was thought necessary to 
evaluate the temperature effect. In this study, 3-lb 
heats of duplex iron were melted by induction heat- 
ing. Three hot tear castings were poured from each 
heat, each casting at a different carbon level. The 
procedure followed is given in detail in Reference 1, 
and is essentially the same as that described earlier in 
this paper except that the melting furnace atmosphere 
was air. Castings were poured from 2700, 2800, and 
2900 F. Data for castings poured from 2800 and 2900 
F are presented in Table 8. Data for castings poured 
from 2700 F are presented in Reference 1. 

Figures 10 and 11 are graphs of the hot tear data 
in Table 8 for metal poured from 2800 and 2900 F, 
respectively. It may be noted in Figs. 10 and 11 that 
high hot tear values occasionally occur in the range 
of 2.30 to 2.40 per cent carbon. This is believed to 
be an effect of carbon monoxide or hydrogen at the 
higher temperatures since it does not occur at the 
lower temperature of 2700 F. 

For: comparison purposes, idealized curves at the 
threé pouring temperatures and for metal melted 
under CO are presented in Fig. 12. The latter figure 
shows that the carbon monoxide atmosphere raises the 
minimum from the hot tear curve for 2700 F in the 
vicinity of 2.60 per cent C. Furthermore, the curve 
of the CO data is similar in shape to the curve of hot 
tear values for metal melted under air at 2900 F. 
The similarity of curves should be associated with 


_ the increased solubility of CO at the higher tempera- 


tures. Figure 12 also reveals that less resistance to 
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TaBLe 9—DatTA FoR Heats AT 2700 F UNpER Air 
WitH VARYING MANGANESE CONTENT 











Heat ~ Metal Composition, % Hot Tear, 
No. a ~ Si Mn eg 0.0001 in. 
0-7-1 2.69 123 033 0.157 86 
0-7-2 2.45 0.33 42 
0-7-3 2.31 0.33 73 
0-8-1 2.54 1.31 0.55 75 
0-8-2 2.30 0.55 48 
0-8-3 1.88 0.55 118 
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Fig. 10-—Graph of resistance to hot tearing as a function 

of carbon percentage in the duplex iron melted under an 

air atmosphere and poured from 2800 F. Micro-mottling 
indicates the presence of primary graphite. 


TasBLeE 8—Hotr TEAR DATA FOR METAL MELTED 
UNpDER AIR ATMOSPHERE 








Hot Tear 
Spring 

Heat Pouring Metal Composition, % Deflection, 

No. Temp, F iE Si Mn 0.0001 in. 
G 37 } 2.78 44 
38 2.42 37 
40 2.57 1.32 0.42 32 
41 2.25 47 
42 1.89 118 
43 2.59 34 
44 2.31 42 
45 1.94 100 
46 2.67 53 
47 2.06 86 
48 2800 1.85 116 
49 2.66 64 
50 2.15 58 
67 2.66 58 
68 2.35 62 
69 2.13 70 
70 2.66 71 
71 2.35 60 
72 2.18 75 
76 2.61 68 
77 J 2.11 71 
52 ) 2.60 50 
53 2.24 72 
54 1.97 77 
58 2.64 1.25 0.44 44 
59 2900 2.42 42 
60 2.25 19.29 0.41 47 
64 2.67 59 
65 2.30 58 
82 2.71 73 
83 2.42 49 
84 1.90 94 














hot tearing exists when the iron is poured from high- 
er temperatures under these melting conditions. This 
experimental evidence of the effect of temperature 
has often been experienced in the foundry under 
operating conditions. 

Effect of Manganese-Sulphur Ratio on Hot Tearing: 
No detailed investigation of the influence of mangan- 
ese-sulphur ratio on hot tearing was planned as a 
part of this project. However, in order to detect any 
major effect of this factor operating within the an- 
alysis range of the heats, a few trials were made. 
Two 3-lb heats were made under air atmosphere, one 
at a low manganese level, 0.33 per cent Mn, and one 
at a higher manganese level, 0.55 per cent Mn. The 
intermediate manganese level of about 0.43 per cent 
is the one existing in the majority of this work so 
that data for this level already existed. ‘Data for six 
castings, three each from the heats at the low and 
the high manganese levels, are given in Table 9. Al- 
though they are not plotted, the hot tear values for 
the low manganese level, 0.33 per cent Mn, fall on 
the curve for 2700 F, Fig. 12. The hot tear values 
for the higher manganese level, however, are dis- 
placed on the left somewhat. Manganese-sulphur ra- 
tio has an effect, then, which is not significant at 
the low and intermediate levels but may be at higher 
levels. The comparisons in these experiments ar 
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Fig. 11—Graph of resistance to hot tearing as a function 
of carbon percentage in the duplex iron melted under an 
air atmosphere and poured from 2900 F. Micro-mottling 
indicates the presence of primary graphite. 
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made at the intermediate level of about 0.41-0.45 per 
cent manganese, the effort being to hold the man- 
ganese content reasonably constant thus singling out 
the effect of the atmosphere being studied. Varia- 
tion in the manganese content of the metal in all 
heats of this research project is thus within limits 
where the Mn-S ratio is not a factor in the atmos- 
phere effects being studied. 


Furnace Atmosphere Effects on Pinholing 
The fluidity casting provided some data on the 
tendency of the various atmospheres to cause pin- 
holing. All heats made under hydrogen and water 
vapor atmospheres were offenders with respect to 
pinholing. The well of the fluidity casting (Fig. 2) 
revealed this defect whenever it occured. A photo- 
graph of pinholing in the fluidity well casting is 
shown in Fig. 13. The other gases, CO, COs, No, 

and A were not observed to cause this defect. 


Atmosphere Effects on Mottling 

The effects of melting furnace atmosphere on tend- 
ency toward mottling are set forth in Table 10. These 
data are based on observations of the fracture of the 
well of the fluidity casting (Fig. 2) at a location one 
third of the distance up from the bottom of the well. 
Atmospheres produced by hydrogen and water vapor 
are shown in Table 10 to exert a profound carbide 
stabilizing effect. The other gases apparently did 
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Fig. 12—AIdealized curves showing the relationship be- 

tween percentage carbon in the duplex iron melted under 

an air atmosphere and poured from 2700 F, 2800 F, and 

2900 F. A curve for the effect of CO atmospheres at the 

2700 F is included for comparison. Micro-mottling indi- 
cates the presence of primary graphite. 
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TaBLe 10—EFFECT OF FURNACE ATMOSPHERE ON 
MOTTLING IN WELL oF FLUIDITY CASTING* 





Carbon Content % and Extent of Mottling 
_«d Highly «Scattered +=None, White 








Gas Gray Mottled Mottle Fracture 
co 2.80 2.53 2.45 
co, 2.77 2.60 2.50 2.46 
Ne 2.86 2.59 2.53 
aie 2.79 2.60 2.40 
H, 2.74 
H,O 2.70 


* After holding for 60 min at 2700 F and with 1.27 to 1.32% 
silicon and 0.41 to 0.45% manganese in the iron. 
** No castings available between 2.40-2.60% carbon. 





not appreciably alter the maximum carbon percent- 
age permissible for a fully white. structure, 2.45 to 
2.53 per cent carbon. This limiting percentage of 
carbon to prevent mottling under the latter gases 
might be primarily related to the silicon percentage 
in the iron, about 1.30 per cent on the average. It 
may be noted that the range of 2.45 to 2.53 per cent 
carbon maximum for mottling in the fluidity well 
agrees nicely with the observation that microscopic 
mottling is evident at about 2.60 per cent carbon in 
the hot tear casting. The latter casting is one which 
cools much faster and would favor suppression of 
mottling to the higher carbon level of 2.60 per cent. 


Discussion 


The melting atmosphere has been revealed as cap- 
able of markedly altering the fluidity and hot tear- 
ing properties of the iron. It is difficult to explain 
the effects of the gases in changing these properties. 
At this stage of the project it is best to consider only 
the data at hand and refrain from theorizing. How- 
ever, one factor is of major importance in both prop- 
erties of fluidity and hot tearing, namely, the solidi- 
fication process. Since this is true, it might be ex- 
pected that a relationship between fluidity and hot 
tearing should exist. Such a relationship does exist, 
as shown in Fig. 14. The data for fluidity and hot 
tearing tendency obtained from carbon monoxide 
atmosphere heats presents a very nice correlation of 
the two properties as shown in Fig. 14. A satisfactory 
relationship also exists at a lower level for Nz. and 
CO, atmosphere heats, although the data for the lat- 
ter shift to the curve for CO at high fluidity (higher 
carbon percentages). This tendency is also evident 
in the individual graphs of fluidity and hot tearing 
for CO, heats, Figs. 4 and 9, respectively. The two 
curves in Fig. 14 are separated by a definite zone 
wherein the data fal] sporadically. A possible reason 
for this is that the upper curve may represent condi- 
tions for metal saturated with carbon monoxide at 
2700 F, while the lower curve represents metal in 
which the CO has been lowered to a limit attainable 
by holding | hr at 2700 F under the respective at- 
mospheres. Thus, two distinctly different relation- 
ships between fluidity and hot tearing tendency ap- 
pear to exist, depending cn the melting furnace at- 
mosphere. This would suggest the possibility of two 
different freezing mechanisms influenced largely by 
a smaller or larger amount of CO in the metal. 
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The data for hydrogen atmosphere heats are not 
yiotted in Fig. 14 since they present an entirely dif- 
{erent picture which has not yet been evaluated. Since 
drogen may have a definite alloying effect in iron- 
ise alloys there may be good reasons for this differ- 
ence in behavior as compared with the other gases. 

It may be observed in Fig. 14 that occasionally data 
(or other atmospheres fall on the curve for CO heats. 
his observation is especially true at high carbon con- 
‘ents. Saturation of the melt with CO is more likely 
at higher carbon contents, and might be occasionally 
encountered at lower carbon contents with the other 
atmospheres when equilibrium is not reached be- 
cause of some melting factor. 

Obviously, the influence of furnace atmospheres in 
causing changes in fluidity and hot tearing tend- 
encies may be related to many factors other than 
freezing mechanism. For instance, the gases may 
produce surface films on the liquid metal, or the 





Fig. 13—Pinhole defects in the well of the fluidity casting 
typical of all heats made under hydrogen and water vapor. 
These defects were absent when melted under other gases, 
CO for example, as shown in the sample on the right. 


formation and distribution of sulphide inclusions 
might be markedly altered, thereby changing metal 
properties. At this point, however, it is not possible 
to theorize beyond the limits of the data available 
at the time of writing this report. 


Summary 


The results presented in this paper pertain to metal 
properties produced by holding a molten iron at 2700 
F for | hr under atmospheres developed by carbon 
monoxide, carbon dioxide, nitrogen, water vapor, hy- 
drogen, and argon. The principal conclusions which 
are possible may be classified according to their nature 
in the following groups: 


1. Chemical Composition 
(A) No losses of silicon or manganese occur when 

the melt is held at 2700 F whether the furnace at- 

mosphere is oxidizing, neutral, or reducing. 

(B). Carbon losses occur rapidly in oxidizing at- 
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Fig. 14—Graph showing the relationship between hot tear 
and fluidity values obtained for each heat under CO, CO,, 
N,., A, and water vapor atmospheres. 


mospheres CO., H,O, and air, and slowly in the 
reducing atmosphere, Hp». ’ 


2. Fluidity 

(A) The relationship of fluidity and percentage 
carbon for metal melted under a CO atmosphere fol- 
lows closely the fluidity data published in Reference 
2 and established for a furnace atmosphere condition 
called standard air, i.e., a covered crucible. 

(B) The atmospheres developed by carbon di- 
oxide, water vapor, nitrogen, hydrogen, and argon all 
caused a decrease in metal fluidity, nitrogen being 
the most effective. 

(C)A Y-hr period of holding the melt at 2700 F 
under a nitrogen atmosphere did not decrease fluid- 
ity as much as a 1-hr holding period. 


3. Hot Tearing Tendencies 

(A) Hot tearing resistance decreases with increas- 
ing carbon content in metal melted under all the con- 
ditions studied. The foregoing statement applies only 
as long as micro-mottling does not occur at the higher 
carbon levels. 

(B) A carbon monoxide atmosphere over the molt- 
en metal raises the minimum hot tearing resistance 
encountered at 2.50-2.60 per cent carbon. 

(C) A hydrogen atmosphere introduced over the 
metal markedly increases resistance to hot tearing. 

(D) Hot tearing resistance of metal melted under 
atmospheres produced by water vapor and nitrogen 
is like that produced by air atmosphere melting. 

(E) Increasing the melting temperature under air 
atmospheres lowers the resistance to hot tearing. 


4. Pinholing 

Metal melted under hydrogen and water vapor at- 
mospheres resulted in extensive pinholing in the well 
of the fluidity casting. 


5. Mottling 

The atmospheres produced by hydrogen and water 
vapor markedly increased the maximum _percent- 
age carbon permissible without the occurrence of 
mottling. 
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DISCUSSION 


Chairman: W. K. Bock, National Malleable & Steel Castings 
Co., Cleveland. 

Co-Chairman: F. B. Rote, Albion Malleable Iron Co., Albion, 
Mich. 

J. E. Renner (Written Discussion):' The subject of this 
paper is of major interest and is a field in which practically 
no careful research has been done, and the authors and the 
A.F.S. Mallcable Iron Research Committee have made an excel- 
lent start. Much of course remains to be done, and it is there- 
fore essential that the initial work be subjec:ed to constructive 
criticism so that the whole work be of maximum effectiveness. 
The following remarks are in such spirit. 

It is considered by the present writer that the holding tem- 
perature of 2700F is not well chosen, since in all melting and 
refining furnaces used in the malieable industry, bath temper- 
atures of at least 2800F and more usually 2850F are used. This 
will affect both equilibrium data and the rate at which it is 
attained, and it is cbviously desirable to have experimental 
data apply wherever possible to commercial ccnditions. 

The method of applying and sampling the atmospheres used 
in the present work is believed open to question in its relation- 
ship to practical application. With relatively inert gases such 
as nitrogen and argon, the action on continu’ us passage of gas 
is essentially one of sweeping or flushing out of other gases, 
and the results obtained would then depend on the rate of flow 
of gas and the total time involved. At high rates of flow there 
would of course be a chilling action on the surface of the melt 
unless the gas was preheated. With other gases such as hydro- 
gen, air, and carbon dioxide, which are active with respect to 
the iron, it is considered a misnomer to talk about “equilib- 
rium” values with the techniques used since the results would 
appear to depend entirely on the experimental conditions. This 
is not to say that the results obtained are without value, but 
simply to,suggest that they are relative. 

The graphs presented, which show the effects of various gases 


— Engineer, Bureau of Mines and Technical Surveys, Ottawa, 
ada. 
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on fluidity and hot tear resistance, are open to subjective inte: 
pretation when considering where to draw lines among experi 
mental points, and it is considered that the experimental error 
involved do not justify such fine subdivisions as shown in certai: 
of the curves in Figs. 5 and 6. The text of the paper, however 
is more conservative in this respect and the summary as writter 
would appear to be justified. One exception is the statement ir 
section 3B of the summary, where the present writer does no 
agree that the data has shown that a carbon monoxide atmos 
phere increases the hot tearing resistance at 2.50-2.60 per cen: 
carbon. 

In determining the effect of iron temperature on hot tea: 
resistance, the iron was melted to various temperatures and 
apparently poured at those temperatures. This ccnfuses the 
matter since more than one variable is changed. It would seem 
more advisable to melt to and hold at various temperatures 
but to pour at a constant temperature. The results would 
have still greater practical value if the pouring temperature 
used were one commonly used in practice, for example 2600F 
Such procedure would probably modify the results shown in 
Figs. 10, 11, and 12, but would be of more practical use. 

The results noted under the headings of pinholing and mot 
tling tendency are interesting and useful, the former being a 
good experimental demonstration of the relationship of hydro 
gen and pinholing, the latter being not surprising but at 
least quantitative for the conditions used. Malleable founders 
who might consider injecting water vapor into their furnaces, 
however, are cautioned that in an air furnace considerable 
water vapor is already present, and also that the effect of 
hydrogen on porosity and on hard iron cracks in commercial 
castings must be contended with. 

To summarize, the above remarks are belicved to be perti 
nent and constructive, and it is the writer’s hope that this 
excellent and worthwhile program is to be continued. 


DiIscuUssiON By MILTON TILLEY 


MILTON TILLEY (Written Discussion) 2: Professors Heine and 
Lange have dene an excellent job on this preliminary survey 
of this part of the field under investigation. 

It is gratifying to have a demonstration of the effect of 
temperature on the oxidation of carbon, silicon and manganese 
and show why carbon is removed from the bath during the 
refining period while silicon and manganese remain unaffected 
during the period when the bath temperature exceeds 2500F. 

The data on the effect of atmosphere on fluidity and atmos 
phere and temperature on hot tearing shows significant changes 
and indicates further investigation is in order. For instance, 
tabulation of the effect of atmcsphere on fluidity at 2.4 pet 
cent carbon and 2700F metal temperature shows— 


RESULTANT FURNACE ATMOSPHERE 





Gas Used Fluidity O, CO, CO N, H,O H, CH, Argon 


Air 22.20 
co 21.00 0.8 98.2 

H, 17.55 13.0 85.0 20 
Argon 17.10 05 05 99.0 
H,O 17.00 5.0 42.0 0.0 45.0 80 

co, 16.20 40.0 60.0 

N, 16.20 05 05° 99.0 





No analysis cf the furnace atmosphere is presented when 
using air but it will probably contain CO and CO, at about 
2 to 1 ratio, N, and some O,, H, and CH,. Evaluation of 
effects becomes ccimplicated with the effect of the action of the 
introduced gas and the effect of the resultant gases. For in- 
stance, CO gas gave a high fluidity, CO, gas gave a low fluidity 
and air and CO, gases result in an atmosphere containing both 
CO and CO,. Air gave a high fluidity and N, a low, yet air 
contains N,. 

Looking at the effect of atmosphere on hot tear strength, 
again at the average 2.40 per cent and 2700F bath temperature 
we find— 


2 Metallurgist, National Malleable & Steel Castings Co., Cleveland. 
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RESULTANT FURNACE ATMOSPHERE 





Lsed PSI OQ, CO, CO N, H,O H, CH, Argon 


CO 238 0.8 98.2 

Cv 256 40.0 60.0 

\ur 

H.O \ 269 5.0 42.0 45.0 8.0 
\ J 0.5 05 99.0 

H 390 13.0 85.0 2.0 





Using a mean of 262 psi for normal operating conditions 
where CO,, Air, H,O, Nz are present a high CO content results 
in about a 10 per cent reduction and a high H, content gives a 
10 per cent increase. This may be significant to the foundry- 
man. 

Comparing the effect of temperature at 2.40 per cent C with 
the introduction of air we have— 


Temp. PSI 
2700 262 
2800 188 
2900 225 


rhe interesting point is do we,have the least resistance to hot 
tearing at 2800 F, the temperature at which many of us tap. 

rurning to the effect of carbon content at the three tempera 
tures we find the following— 


2700 F PSI 

2.20% C 356 

2.60% C 181 — 49%, reduction 
2800 F 

2.20% C 262 

2.60% C 162 — 38% reduction 
2900 F 

2.20% C 275 


2.60% C 

Here we find that the reduction of psi from 2.20 per cent C 

to 2.60 per cent C is less the higher the temperature, which con- 

firms the past observations that higher temperatures reduces 

tendency to mottle. Here again we see the least resistance to hot 
tearing at 2800 F. 


220 = 20% reduction 
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It is incumbent upon the steering committee to guide the 
future investigation along lines that will produce information 
that the foundryman car use to improve operating practices. 
With regard to the-effect of atmospheres I believe that the effect 
of oxidation and reduction and water vapor should be followed 
up as being the things the operator can control. Also that the 
melting down conditions should be investigated in addition to 
the refining period, because the effects can be more pronounced 
if not different. 

With regard to the effect of temperature of bath on hot tear 
strength, it weuld be in order to find out if the condition de- 
picted at 2800 F is real and the cause. 

The authors are to be congratulated on the work done so far. 

Messrs. HEINE AND LANGE (Written Reply): Mr. Rehder’s dis- 
cussion will be considered first. Since the results presented in 
the paper represent research which is still under way and there- 
fore incomplete, this paper should be viewed as summarizing 
the status of the work at the time the paper was written. Many 
of the questions which were unanswerable at that time will be 
clarified as the work continues. In answer to the temperature 
question, holding temperatures of 2700 and 2900 F are being 
studied. The selection of gases used in the laboratory study is 
such as to show the direction of any equilibria which may be 
attained by commercial melting. In other words, it is hoped 
that the extremes of changes of metal properties which might 
be caused by gases will be discovered. It would not be advis- 
able in the beginning to melt and hold at various temperatures 
and then pour at another temperature. Since the chemistry of 
the melt changes with temperature, the authors have chosen the 
method of holding and pouring at the same temperature in 
order to eliminate this variable. No comments are believed nec- 
essary on the balance of Mr. Rehder’s discussion. The authors 
wish to thank him for his thoughtful discussion. 

The authors have enjoyed Mr. Tilley’s analysis of the data in 
terms of its foundry application. Evaluation of this type will 
assist in the ultimate practical use of the information. It is 
believed that more satisfying analyses of the experimental data 
will be possible when more information is available. It is our 
hope that every effort will be spent in making the information 
of practical use when the principles are well known. 









A TEST FOR HOT TEARING TENDENCY 


By 


E. A. Lange* and R. W. Heine** 


ABSTRACT 


Hot tearing is a casting defect developed at high tempera- 
tures during cooling of the casting from the pouring tempera- 
ture. Ruplure of the casting occurs locally due to over-stressing 
of the cooling and contracting metal. 

Because hot tear defects are caused by a number of complex 
inter-related variables, evaluation of the principal factors is 
difficult. A survey of the literature on this subject reveals the 
problems encountered by numerous investigators.'**+ Prin- 
cipal among the problems has been the development of a test 
precedure for measuring differences in hot tearing tendency; 
especially a test which is able to separate factors that are pecu- 
liar lo the metal or casting from factors that are peculiar to 
the mold in which it is contained. A testing procedure designed 
specifiaally for evaluating factors in hot tearing which are pe- 
culiar to the metal is described in the following pages. The 
hot tear test and some results obtained with this test as applied 
to white cast irons are presented in this report. 


Factors in Hot Tearing 


The factors which influence hot tearing may be 
classified in two principal groups: 

1. Inherent characteristics of the metal. 

2. External factors not properties of the metal. 

Considering the first group, hot tearing factors 
which are inherent properties of the metal are the 
following: 

(a) Strength and ductility of the metal in the hot 
tearing temperature range. 

(b) Contraction of three types, namely, liquid, 
liquid-solid, and solid contraction with decreasing 
temperature. 

Hot tears occur only when stresses are produced 
in the metal which exceed its strength and ability to 
deform in the hot tearing temperature range. Stresses 
which cause a hot tear arise from restraint of the 
normal contraction propensities of the metal. In 
order that stresses may be developed the metal must 
have attained a certain amount of strength during 
cooling and some condition of restraint must be im- 
posed. It is at this point that the second group of 


* A.F.S. Project Assistant, Dept. of Mining and Metallurgy, 
Engineering Experiment Station, University of Wisconsin, Madi- 
son, Wis. 

** Asst. Prof., Dept. of Mining and Metallurgy, University of 
Wisconsin. 

Note: This is a progress report on an A.F.S. sponsored Re- 
search Project. 


factors producing hot tearing comes into play, name 
ly, those external to the metal. External factors in 
clude the following: 

(a) Restraint of metal contraction caused by the 
mold or cores, 

(b) Restraint of contraction caused by the casting 
itself or its gating system. 

(c) Temperature gradients or “hot spots’ operat- 
ing in conjunction with restraint of contraction. 

The above three factors are functions mainly of the 
mold materials and construction, design of the cast- 
ing and its gating system, and the temperature gradi- 
ents which may exist. They are all factors separate 
from the inherent characteristics of the metal. Since 
this research was aimed principally at studying in- 
herent differences in the metal, the second or ex- 
ternal group of hot tearing factors (item 2, above) 
will not be dealt with. Rather, the hot tear test was 
designed so that the external factors as far as pos- 
sible are held constant. 


Mechanics of Hot Tearing 


The influence of properties inherent in the metal 
are revealed by a more detailed consideration of the 
generally postulated mechanism of hot tearing. Mol- 
ten metal in a mold cools and contracts in the liquid 
state as the temperature drops. As the temperature 
falls, freezing begins and is accompanied by freezing 
contraction. As freezing progresses, contraction con- 
tinues. If the metal freezes over a temperature range, 
contraction of the liquid, solidification contraction 
and solid state contraction continue simultaneously 
until the metal has completely frozen. Early in freez- 
ing, liquid and liquid to solid state contraction pre- 
dominate, but late in the freezing process solid state 
contraction becomes of greater significance. 

During the later stages sufficient solid metal exists 
so that coherence of the solidified metal is developed. 
Coherence occurs when the solidying metal develops 
a measurable strength. When coherence or strength 
has been established during cooling it is possible for 
external conditions to produce stresses, by restraint 
of contraction, which may exceed this strength and 
cause rupture or hot tearing. Thus, it is seen that 
the high temperature strength and ductility of the 
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Fig. 1—Graphs reproduced from an article’ showing the 
influence of temperature on the ultimate strength (U-.S.), 
and elongation (EI.), of cast steel tensile bars pulled while 
cooling from the casting temperature. 


metal after coherence is established are extremely 
important. 

Available literature suggests that hot tears develop 
at temperatures close to, just above or below, the end 
of the freezing range where strength and ductility 
are very low and that fracture occurs by brittle fail- 
ure. No information is available which gives the 
strength or ductility of white cast irons in the hot 
tearing temperature range, but reference may be 
made to data on steels to illustrate the usual behavior 
of metals. Figure 1 shows data on high temperature 
strength and ductility of cast steel obtained by H. F. 
Hall' by casting steel tensile test bars which were 





Fig. 2—Hot tear testing machine and casting with drag 
half of core sand mold in place. 
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pulled after various time intervals of cooling from 
the pouring temperature. 

Strength is revealed in Fig. 1 as increasing much 
more rapidly than ductility as temperature drops, 
thus accounting for the apparently britt'e failure of 
the hot tear defect. Although the metal may have 
considerable strength, stress in excess of this strength 
causes brittle failure since the metal has little abil- 
ity to deform. While the data of Hall are not direct- 
ly applicable to white cast iron, the principles appear 
to be illustrated. Once the metal has cooled in the 
solid state to temperatures where good strength and 
ductility are developed, hot tearing is no longer likely 
since the metal can resist the usual conditions im- 
posed by a sand mold. 

Hot tearing, then, is primarily a defect produced 
at high temperatures, i.e., at temperatures near or in 
the eutectic freezing range of white cast irons. It is 
for this reason that temperature gradients are so ef- 
fective in producing hot tears because they serve to 
focus the effects of restraint of contraction at “hot 
spots” where the metal is weakest and least ductile. 


Hot Tear Test 


In view of the mechanism of hot tearing, any vari- 
ables which influence the high temperature strength, 
ductility, and shrinkage characteristics of white cast 
iron will change its hot tearing tendencies. The 
major possibilities evident are listed below: 

1. Chemical composition including all elements 
present in the white iron. 

2. Freezing temperature range; probably a major 
effect of carbon and silicon. 

3. Possible evolution of gases during freezing. 

4. Freezing mechanism, primary and/or eutectic 
freezing. 

5. Grain boundary effects, non-metallic inclusions, 
for example. 

6. Melting variables which may influence any of 
the above. 

It may be seen that the factors listed above are in- 
direct ones in that it is their influence on the prop- 
erties of high temperature strength, ductility and con- 
traction that produces differences in hot tearing ten- 
dency. Thus, it would appear that a method of test- 
ing incorporating the effects of the high temperature 
strength, ductility and contraction properties of the 
metal, or their combined effects, may be a good mea- 
surement of hot tearing tendency. Furthermore, to 
successfully use the test it should have sufficient sen- 


Fig. 3—Schematic diagram of 
hot tear testing device: (1) hot 
tear casting; (2) point of frac- 
ture; (3) core sand mold; (4) 
steel stud; (5) water cooler; 
(6) differential beam-type 
spring; (7) indicator gage, 
0.0001 in. per division; (8) 
alignment frame; (9) base 
block; (10) end core; (11) chill 
plug. 
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sitivity so that changes in the effects of factors. listed 
above are measurable. Development of such a test 
is considered in the following pages. 

The method of measuring hot tearing characteris- 
tics developed in the metallurgical laboratories of the 
University of Wisconsin comprises a testing machine 
and a test casting. The machine is designed to test 
the combined effects of hot strength, ductility and 
contraction in producing hot tearing in a standard 
casting. Figure 2 is a photograph of the testing mach- 
ine. A schematic diagram of its construction is shown 
in Fig. 3. Detailed drawings of individual members 
of the hot tear testing device are given in the ap- 
pendix. 

The standard casting is cast in a core sand mold 
which fits into the testing machine as shown in Figs. 
2 and 3. The core sand mold is made with two 
halves parted horizontally and a small third piece, 
(10) Fig. 3, which forms one end of the casting. The 
mold pieces and the core boxes are shown in Fig. 4. 


Sand Mixture Characteristics 


The core sand used for the mold consisted of 75 
A.F.S. fineness number silica sand mixed with 1.20 
per cent cereal, 1.80 per cent water, and 1.5 per cent 
oil based on 100 Ib dry sand. The green molds were 
baked for 3 hr at 450 F. The casting produced in 
this mold may be seen in Figs. 2 and 3. Detailed di- 
mensions of the standard casting finally adopted are 
given in Fig. 5. It consists of a straight 14-in. diam- 
eter bar 854 in. long with one section 2 in. long en- 
larged to 1%; ,-in. diameter to provide a “hot spot.’’ 

The joint of the 4-in. and 134 ,-in. sections is made 
without a fillet to ensure breaking of the bar at the 
same location for each test, point (2) of Fig. 3. One 
end of the bar is fixed since it is cast into the rigid 
base of the machine. The other end is cast around a 
34-in. diameter by a 214-in. long threaded stud. The 
stud is attached to a loading device. Contraction ol 
the casting as it cools and solidifies actuates the load- 





Fig. 4—Corebox and cores used for making the hot tear 
casting mold. The torn casting, with the sprue removed, is 
shown resting in the drag half of the mold. The sand mold 
is completed by the chill plug and end core at one end 
and the stud at the other end as shown in the photo. 
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Fig. 5—Detailed drawing of hot tear casting with straight 

stud-end adopted as standard for the test. The enlarged 

stud-end shown above was used in the first tests made 
with the casting. 


ing device which produces hot tearing and complete 
fracture of the test piece at the joint of the small 
and enlarged sections. 

Construction and functioning of the testing device 
itself may be readily visualized with the aid of Figs. 
2 and 3. From Fig. 3 the structure of the apparatus 
is seen to consist mainly of the base block (9) and 
frame. The base block (9) contains a removable, 
split, chill plug (11) into which the fixed end of the 
test bar is cast. The open end of the chill plug is 
covered by an end-core and plate (10). The core sand 
mold (3) is supported in an alignment frame (8) 
which lines up the base-end opening of the mold with 
the chill plug opening and also lines up the stud-end 
opening of the mold with the connecting stud (4). 

When the mold is put into the machine, the drag 
half is placed in the alignment frame first. Then 
the 34-in. diameter stud is screwed into the water 
cooler (5) with the free stud-end closing off the mold 
opening provided for it. Finally, the cope half of 
the mold is placed over the drag, the cope is weighted, 
and the mold is ready for pouring. After the casting 
is poured freezing occurs very quickly in the flanged 
base-end of the mold which is the chill plug (11). 


Solidification Progress 


Freezing is also rapid around the stud which is 
water cooled (5). Freezing thus progresses toward 
the “hot spot” which is the enlarged section of the 
hot tear casting (1). Contraction of the cooling cast- 
ing begins and continues to pull on the differential 
beam-type spring (6) through the connecting stud 
(4) and the water cooler (5) linkage. Water cooling 
of the stud is an essential part of the design since 
expansion of the stud due to heating from the cast- 
ing would offset the contraction of the casting. De- 
flection of the spring is followed by means of an 
indicator gage (7) reading in 0.00010-in. units. As 
the spring is deflected by the contracting casting, 
stresses produced by the pull of the spring rise to a 
level high enough to cause hot tearing and rupture 
of the bar. 

Data taken after the casting is poured consists of 
deflection and time readings. Initially there is a 
slight back up of the spring due to sudden heating 
of the stud up to the temperature permitted by the 
water cooler. The time from pouring until the dial 
indicator leaves zero is determined, and then time 
readings are taken at regular deflection movements 
of 0.0005 in. and the final maximum deflection. 

These data permit plotting of a curve of time vs. 
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Fig. 6—Graph of spring deflection (casting contraction) 

as a function of time after pouring. The enlarged stud-end 

castings were poured from remelted duplex scrap at 2800 
F and at three different carbon contents. 


deflection or stress values up to the point of hot tea: 
rupture as shown in Fig. 6. Deflection of the spring 
is related to the force applied to the bar, and there- 
fore stress in the bar as pointed out in the vertical 
axis of the graph (Fig. 6). Maximum spring deflec- 
tion or stress in the bar prior to hot tear rupturing 
is therefore a measure of the ability of the casting 
to resist hot tearing. Actual data obtained with this 
test and its interpretation will be considered later. 


Important Characteristics of the Test 


Certain aspects of the testing apparatus and the 
standard casting have an important bearing on its 
success. 

One very important feature of the testing machine 
is the differential beam-type spring (6), Fig. 3. The 
load deflection characteristic of this spring is a critical 
factor in the testing device, and several springs were 
tested before a suitable one was found. Spring char- 
acteristics investigated are given in Table I. The 
spring adopted (called spring C) deflects 0.00010 in./ 
lb. Calibration of the spring was performed by dead 
weight loading. 

The importance of the spring characteristic is ex- 
plained by the following observations. Hot tear rup- 
turing of the casting will occur only if restraint by 
the spring causes stresses to increase at a greater rate 
than the strength increases as the casting cools and 
contracts. Thus, if the spring has too weak a charac- 
teristic it may never develop sufficient restraint to 
produce hot tears or fracture the bar. Briggs? reports 
this effect for spring-loaded cast steel bars and the 
present experiments verified it for white cast iron. 

The first beam-type spring used in the testing 
machine, spring “A” as reported in Table 1, failed 
to rupture the bars because of its lack of stiffness. 
On the other hand, a spring of too great stiffness 
would cause hot tearing but would fail to give a suf- 
ficient range of readings to make measurements mean- 
ingful. In this sense, the spring in the hot tear 
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machine may be compared with an internal core in 
a mold. If the core is readily collapsible, hot tearing 
of the casting does not occur; assuming no other com- 
plicating factors. 

If the core is extremely hard and rigid, hot tearing 
may occur in every casting. However, borderline core 
hardness and rigidity might result in sporadic hot 
tearing. Thus, the action of the differential spring in 
the hot tearing machine simulates the effect of re- 
straint of the proper degree such as might be obtained 
from some cores. Obviously, it has the additional 
advantage of making quantitative measurements pos- 
sible. The spring adopted for this research work 
(spring “C”) may conceivably not be the best one 
for all purposes. However, time limitations imposed 
by the nature of the project did not permit evalua- 
tion of additional spring characteristics, and so the 
one selected was used as the basis for later investiga- 
tions of hot tearing. 

The shape of the hot tear test casting is another 
factor of importance which required’ experimenta- 
tion. Bars varying from one having a greatly en- 
larged middle section to one with no enlarged sec- 
tion were tested. These bars are illustrated in Fig. 
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Fig. 7—Various designs of test bars studied with the hot 

tear testing machine. The rippled lines on the drawing 

indicate casting surfaces made by hand directly in core 
sand without a pattern. 














TABLE 1—TEstT MACHINE SPRING DEFLECTION 

















Tvpe of Spring Characteristic Pre-load Results 
Beam—A 0.0020-in. deflection 5-35lb Did not produce 
/\b hot tear ruptur- 
ing. 
Beam—B —_i0.00010-in. deflection 201b Zero reading was 
/\b difficult to repro- 
duce 


Differential 0.00010-in. deflection 0 
Beam—C /\b 


Satisfactory 





7. All bars were found to be sound except for shrink- 
age near the sprue, an area not affecting the point of 
fracture. It was found possible to produce hot tears 
in all of the castings, but they differed in their suit- 
ability to testing. The perfectly uniform 14-in. diam- 
eter bar was found to cool so rapidly as to make data 
taking difficult. On the other hand, the bar with 
maximum enlarged section gave rather indetermin- 
ate end points. 

The most suitable bar tested was bar G in Fig. 5. 
This bar was used with two different stud ends. An 
enlarged end such as that shown in Figs. 2 and 5 was 
used initially in order to insure a comp‘ete casting at 
the stud end. However, later work showed it pos- 
sible to cast a perfectly straight end, 14-in. diameter, 
around a 3%-in. diameter threaded stud and obtain 
perfectly satisfactory bonding. The straight end is 
more satisfactory since it offers less restraint to move- 
ment than does the enlarged end, and consequently 
yields more reproducible data. The casting finally 
adopted is the one shown in Fig. 5. 


Contraction Characteristics 


The stud end of the casting involves rather com- 
plex thermal effects. The casting as a whole con- 
tracts during cooling. However, the stud expands. 
The latter effect could conceivably offset or alter the 
total contraction effects of the casting and confuse 
the results obtained. A study was therefore made of 
the free contraction characteristics of the casting using 
the steel studs and also silica rods to replace the steel 
studs. Free contraction of the casting as a function 
of time after pouring was observed by simply re- 
moving the differential spring from the apparatus 
and following the movement of the connecting link- 
ages, including the water cooler, with the dial in- 
dicator. 

Free contraction data are shown plotted in Fig. 8 
for castings of equivalent carbon level having silica 
or steel studs frozen in the ends. Since the silica 
rod has an insignificant thermal expansion, compari- 
son of its time-deflection curve with that of the cast- 
ing having a steel stud will show any significant ef- 
fects due to expansion of the water-cooled steel stud. 
Since the curves are identical in slope it is seen that 
the steel stud does not alter the contraction charac- 
teristics of the casting and, therefore, it may be dis- 
regarded as a source of possible error in the hot tear 
test. 

Also shown in Fig. 8 is a curve for a casting al- 
lowed to solidify and contract against the differential 
spring C. Comparison with the free contraction 
curves shows that the spring causes the test casting to 
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Fig. 8—Free and restrained contraction curves of 2.20 

per cent carbon iron castings with straight stud-ends. Cast- 

ings made of duplex iron scrap remelted and then poured 
from 2700 F. 


elongate due to the stresses imposed up to the point 
of hot tear rupturing. The slope of the contraction 
curve, whether free or restrained, is the rate of con- 
traction of the casting; measured in 0.00010 in /sec. 
As will be shown later, the contraction rate whether 
the bar is free or restrained is a function of percent- 
age of carbon in white cast irons so that the foregoing 
comparison must be made at a given carbon level, 
2.20 per cent in the case reported. 

Experience with the hot tear testing procedure re- 
vealed other points of importance.’ The split chill 
plug (item II, Fig. 3) requires a radius on the edge 
meeting the mold. Occasional flash at the junction 
of mold and chill plug causes hairline cracks to de- 
velop there and influence the hot tear deflection 
values obtained. This cracking was eliminated by 
filleting the edge of the plug as shown in the detailed 
drawing in the appendix. 

Another source of variation was found in the 
weighting of the cope half of the mold. A rigid clamp 
was employed and found very unsatisfactory. Hot 
metal caused the sand mold to expand against the 
clamp, which in turn caused the cope to bear against 
the long shank of the casting, thus seriously altering 
the hot tear data. A 4-lb weight on the cope was 
found satisfactory, as was also a clamp giving this 
amount of spring pressure to the cope. Experience 
with the aforementioned problems has resulted in 
the development of the test to its present condition. 
While the needs of the project for which the test was 
designed are met, it is believed that additional re- 
search on the test itself would produce refinements 
and even greater reproducibility of results. 
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Experimental Results Using the Hot Tear Test 


First application of the test was to determine the 
fect of carbon content of white cast iron on hot 
aring properties when other normal composition 
wiables such as Si, Mn, P and §S are held constant. 
such information was considered essential to pursuit 
{ the main project dealing with the influence of 
.elting furnace atmospheres on malleable iron prop- 
erties. Since certain furnace atmospheres will cause 
marked changes in carbon content of the metal, it is 
necessary to separate the effects of carbon percentage 
from those of the furnace atmospheres to be studied. 

To determine the influence of carbon on hot tear- 
ing it was necessary to pour a series of test castings 
varying over a wide range of carbon percentages. A 
standard melting procedure was adopted for this pur- 
pose. Heats (314 lb) of duplex iron scrap were 
melted in a 5-lb capacity induction furnace having 
a magnesia crucible. The exact steps in the melt- 
ing cycle are tabulated below: 

(a) Melt down 3.50 lb dup!ex scrap in covered 
crucible. Remove accumulated slag at 2500 F. About 
55 min are required for this step. 

(b) Heat to 2600 F in 10 min and add graphite 
and 0.10 per cent Mn as ferro-manganese. Electrode 
graphite was used to raise the carbon percentage from 
the melt-down analysis to any desired level. 

(c) Increase temperature to the desired level, 2800 
F in the initial work, and allow 10 min time for solu- 
tion of additions with crucible covered. 

(d) Remove crucible cover to permit air oxidation 
of carbon down to the desired percentage in about 
10 min. Adjust temperature and hold at desircd level 
during this period. Temperature measurement per- 
formed with platinum—10 per cent rhodium, plat- 
inum thermocouple. 

(e) Cut the power input to the furnace and pour 
the first test bar. Turn on power to maintain tem- 
perature. Ten sec are required for the operation. 

(f) Prepare hot tear testing apparatus for the next 
casting and pour when ready. Since the cover is off, 
oxidation of the carbon occurs during this period of 
10 to 14 min. 

(g) Repeat step (f) for the last casting from the 
heat. 

The melting procedure described above provided 
hot tear data at three carbon levels from each heat. 
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By varying the carbon additions and the oxidation 
periods it was possible to make castings over the en- 
tire carbon range of interest. 

The melting stock available for the various heats 
consisted of one lot of 2 tons of duplex cupola-air 
furnace white cast iron sprue, and a second lot of cold- 
melt air furnace sprue; both provided through the 
efforts of the A.F.S. Malleable Division Research 
Committee. Pertinent information regarding the 
sprue is given in Table 2. 

In the process of developing the hot tear test and 
obtaining the first results with the test, 135 castings 
were poured. Complete chemical analysis of each cast- 
ing presented a time-consuming task. Accordingly, it 
was decided to analyze each one for carbon and make 
periodic checks of silicon and manganese percentages 
in the iron. Sulphur and phosphorus were checked 
only occasionally, since no change is anticipated in 
the latter two elements during induction melting. 

On the basis of previous experience, it was known 
that silicon and manganese could be closely controlled 
if no undue fluctuations in the furnace charge oc- 
cured. Chemical analysis of 27 castings of one series 
is given in Table 3. It is seen in this and subsequent 
tables that silicon and manganese are controlled in a 
satisfactory range, as is normally expected in this type 
of melting. The bars listed in Table 3 were of the G 
type shown in Figs. 5 and 7, having the enlarged end 
at the stud. As was pointed out earlier, the bar with 
the enlarged end was studied first and subsequently 
modified to the straight-end type. 

Maximum spring deflection or stress and percentage 
carbon for each bar in Table 3 are plotted in Fig. 9. 
From this graph it can be seen that a greater contrac- 
tion can occur and a greater force is required to pro- 
duce hot tear rupturing at the lower carbon contents. 
The converse is true at higher carbon percentages as 
long as the bars are fully white. Whenever the carbon 
content was high enough to produce visual mottling, 
hot tearing did not occur by this testing method. 

The change of deflection with time for individual 
test bars appears significant. Time-leflection curves 
typical of bars at three different carbon levels are 
shown in Fig. 6. Certain differences in the three 
curves of Fig. 6 are evident. The maximum deflection 
values decrease with increasing per cent carbon—the 
data plotted in Fig. 9. 

The slope of the curves differs markedly with per 


TABLE 2—Test MELTING STOCK 











Material Analysis, % 
Cc a Mn P 
Duplex sprue =. 
Sample No, 1 2.58 1.34 0.47 0.113 
No. 2 2.54 1.30 0.38 0.109 
No. 3 2.54 1.27 0.39 — 
Cold melt sprue <i ero: hig 
Final analvsis 2.48 1.10 0.37 0.124 


S Cr Remarks 





Cupola Charge 





0.148 0.03 Sprue, 34.% 
0.146 0.02 Malleable Scrap, 4.0% 
_— — Steel, 52.0% 
Malleable Pig, 6.0% 

Silvery Pig, 4.0% 

(0.002%, boron added) 

Air Furnace Charge 

0.085 0.007 Sprue, 59.8% 


Pig, 29.6% 
Rail, 10.6% 
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cent carbon. Slope at any point on the curve equals 
the rate of contraction at that moment. In the lower 
carbon material the rate of contraction is quite con- 
stant over a major part of the curve, but near the 
breaking point it decreases indicating yielding or 
tearing in the casting. On the other hand, the curve 
for the high carbon iron shows virtually no straight- 
line portion. Its rate of contraction decreases rapidly 
to the point of fracture, seemingly indicating a mush- 
ing or yielding action by the metal. 

From Fig. 6 it may also be noted that the time 
when the indicator pointer leaves zero, hereafter 
called the zero time, which corresponds to the time 
of positive coherence in tension, increases with in- 
creasing per cent carbon. Average time for zero de- 
flection reading at various carbon levels is given in 
Table 4. 

The increase in zero-time is held to be due to de- 
lay in freezing caused by the greater percentage of 
eutectic liquid in the higher carbon iron. Thus, 
slope of the contraction curve appears to be a signifi- 
cant variable of the iron related to carbon content. 
The slope of the curve for each bar was determined 
for the initial or straight line part of the curve, and 
is given in Table 3. A graph of contraction rate 
(slope) and percentage carbon is shown in Fig. 10. 

The curve shows a marked decrease in rate of 
contraction under these testing conditions as the 
carbon exceeds about 1.90 per cent, with minimum 
rates at maximum carbon percentages of 2.60—2.70. 
Since rate of contraction decreases with increasing 


TABLE 3—ENLARGED Stup ENp Bar G-Series—2800 F 
PouRING TEMPERATURE 





Initial 
Casting Composition, 0-Time, Max.Rdg., Max. Time, Slope, 
No.* % sec 0.0091 in. sec 0.0001 


Si_Mn in. /sec 








2.66 1.22 0.556 1.50 
2.38 58 — 
1.74 : 2.67 
2.63 ; 1.36 
2.23 2.00 
1.54 . ~ 2.35 
2.59 1.76 
2.24 55 2.10 
1.45 2.20 
2.66 1.24 0.398 1.31 
2.18 2.10 
1.61 1.24 0.364 2.67 
2.71 1.23 0.409 1.36 
2.46 ! 1.74 
2.19 1.23 0.394 

2.40 

2.14 

1.97 

3.02—mottled 

2.60 

2.30 

2.40 

2.07 

1.96 

2.33 1.27 0.416 

2.13 

1.87 

* 0.145-0.155% S, 0.10% P in all bars tested 

** Did not hot tear 
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Fig. 9—Graph of maximum spring deflection or stress nec- 

essary to produce hot tearing and percentage carbon in the 

iron (Table 3). Enlarged stud-end type “G” castings were 

poured from remelted duplex iron held at 2800:F in an 
air atmosphere. 


carbon percentage, it might be expected that total 
time for the specimen to break would increase. Ex- 
perimentally this was verified, Table 3, since it was 
found that in the range of 1.71—2.00 per cent an aver- 
age of 79 sec were required, while at 2.60-2.70 pet 
cent, 87 sec were necessary. 

The maximum contraction rate evidenced in Fig. 
10 at about 1.80-2.00 per cent carbon probably is due 
to a change in freezing mechanism. Below this car- 
bon range, eutectic freezing during final solidifica- 
tion would not be expected. However, above the car- 
bon range of 1.80-2.00, eutectic freezing would play 
an increasingly important role with increasing car- 
bon content. The aforesaid changes in freezing mech- 
anism are also undoubtedly responsible for the ef- 
fect of percentage carbon on resistance to hot tear 
rupturing as presented in Fig. 9. 

The scatter of data in the graph (Fig. 9) prompted 
refinements in the test discussed in earlier sections of 
the report. However, it should be recognized that 
the movements of the hot tear casting are measured 
in increments of 0.00010 in. and, therefore, the scat- 
ter of data shown in Fig. 9 actually represents rather 
small differences in total dimensional movement prior 
to hot tearing. 

Improvement in the data was obtained with the 
use of a straight stud casting as shown in Fig. 5, and 
a split chill plug having a radius at the edge con- 


TABLE 4—AVERAGE ZERO DEFLECTION READING TIMES 





Zero Time, sec* 





Carbon, % 


1.41-1.70 
1.71-2.00 
2.01-2.30 
2.31-2.60 
2.61-2.70 
* Enlarged stud end bar G poured with duplex iron remelt 
from 2800 F. 
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Fig. 10—Graph of slope of restrained contraction curve as 

a function of percentage carbon in test bar “G” having the 

enlarged stud-end and contracting against spring “C.” Data 
are given in Table 3. 


tacting the mold. The experiments were repeated 
using the same material and the melting practice 
outlined previously. However, the temperature of 
pouring was changed to 2700 F, and the percentage 
of manganese was raised slightly to obtain a better 
manganese-sulphur ratio. Chemical analysis and other 
data for the castings produced are given in Table 5. 

The data of Table 5 are plotted in Fig. 11. The 
same relationship between percentage carbon and 
resistance to hot tearing exists in the data of Fig. 11 
as in the previous case, but less scatter of data oc- 
curred. An additional feature may be noted in Fig. 
11. A minimum strength or resistance to hot tear- 
ing was observed in the vicinity of 2.60 per cent 
carbon. Above this percentage the stress to cause hot 
tear rupturing increased and became erratic. Since 
it had been previously learned that hot tearing did 


Taste 5—Hortr Tear Test Data 
Straight Stud End—Bar G 2700 F Pouring Temperature, 
Duplex Melting Stock 














Casting Composition, %, Max. Rdg., Initial Slope, 
No. Cc Si Mn 0.0001 in. 0.0001 in./sec 
G 55 2.49 1.31 0.44 45 2.30 
56 2.32 62 3.25 
57 1.89 1.27 0.41 150 —_ 
61 2.60 36 2.00 
62 2.39 53 2.50 
63 2.03 80 3.30 
73 2.73 55 1.40 
74 2.57 49 2.40 
75 2.20 75 3.30 
78 2.81 53 1.30 
80 2.56 40 2.50 
81 2.08 1.31 0.43 90 3.80 
0-71 2.69 86 ae 
72 2.45 44 i 
73 2.31 73 one 


* 0.145-0.159% S, 0.11% P in ten heats tested. 
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not occur when the carbon content of the iron was 
high enough to cause visual mottling, it appeared 
likely that the effect noted above 2.60 per cent car- 
bon was related to incipient mottling. 

Microscopic examination of the casting in the vicin- 
ity of the hot tear fracture revealed the presence of 
primary graphite in varying degree in different cast- 
ings containing over 2.60 per cent carbon. Examples 
of such primary graphite are shown in Fig. 12. This 
structural condition was given the name “micro- 
mottling” since it is not evident to the unaided eye 
if the white iron casting is fractured. Once micro- 
mottling occurs it is evident that a new freezing mech- 
anism as well as a change in contraction character- 
istics of the casting will influence the data obtained 
with the hot tear test. 

The graphite shown in Fig. 12 occurs in groups of 
flakes commonly identified as the mottling type of 
primary graphite, but it also appears as isolated 
flakes. The flakes are readily identified microscopical- 
ly with polarized light, and they appear to be the 
forerunner of extensive visual mottling which occurs 
at higher carbon levels. Since the extent of micro- 
mottling depends on cooling rate and variations in 
melting practice, it follows that the resistance to hot 
tearing will fluctuate over wide limits at carbon con- 
tents above 2.60 per cent, with no hot tearing occur- 
ing when the mottling is visually evident. The fore- 
going observation is confirmed in Fig. 11. 

Modification of the test casting to the straight stud- 
end type improved the reproducibility of the data to 
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Fig. 11—Graph of stress necessary to cause hot tearing, 
and percentage carbon in the iron (Table 5). Straight 
stud-end type “G” castings were poured from remelted 
duplex iron held at 2700 F in an air atmosphere. 
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Left—Primary graphite of the cluster 

type in sample G-73. 150X, unetched. 

Right—Primary graphite of isolated 
flake type. 











Fig. 12—Micro-mottling in test bars in 
Table 5 containing over 2.60 per cent 
carbon. 








Left — Primary graphite of the iso- 
lated flake type in sample G-73. 750X, 
unetched. 

Right—Same as photomicrograph at 
left, in polarized light. 750X. 
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the extent evident in a comparison of Figs. 9 and 11. 
The straight end also provided new evidence confirm- 
ing the data relating percentage carbon and hot tear- 
ing strength. Stresses resulting from contracticn of 
the iron around the threaded stud caused longitudin- 
al hot tears to develop at the stud end. 

Figure 13 shows hot tears occuring in the stud end 
of the casting. The width of the crack is related to 
percentage carbon and resistance to hot tearing. Car- 
bon contents which result in deflection values of 
0.0040 in. (200 psi) or less in the apparatus are likely 
to show the wide open type of tear illustrated at the 
top of Figure 13. Low carbon contents which re- 
sult in deflection values of 0.0100 in. (500 psi) or 
more allow only a fine hairline hot tear crack or no 
crack at all, as illustrated in Fig. 13. 

Intermediate carbon contents produced tears of in- 
termediate width. In carbon ranges of micro-mot- 
tling, the tear at the stud end of the casting behaved 
erratically, probably depending on the degree of mot- 
tling. Thus, it is seen that very fine agreement exists 
between the data obtained with the hot tear appara- 
tus and actual hot tearing of the metal when cast 
around a non-collapsible core, the stud. 

Hot Tearing Properties of Other White Irons: The 
hot tear testing apparatus was next used to study the 
characteristics of a white iron of a composition and 
melting history different than that in the first case. 
The cold-melt sprue listed in Table 2 was used as 
melting stock for this purpose. Using the melting 
practice described previously, four heats were made 
to produce 12 castings which provided the data of 


Table 6, which is plotted in Fig. 14. A pouring tem- 
perature of 2700 F was employed. 

The curve in Fig. 14 reveals that the same rela- 
tionship of percentage carbon and hot tearing tend- 
ency prevails in this iron as did in the first case stud- 
ied. Some differences in the curves of Figs. 14 and 
1] are to be expected because of differences in chem- 
ical composition of the iron and its prior thermal 
history. Chemical analyses of the castings are given 
in Table 6. Principle chemical differences between 
this iron and that produced from the duplex sprue 
is the lower sulphur content, 0.085 as against 0.144 
per cent, and lower silicon content, about 1.10 per 
cent as compared with about 1.30 per cent. 


Tasie 6—Hotr Tear Test Data 
Straight Stud End Bar G—2700 F Peuring Temperature, 
Cold-Melt Melting Stock 





Casting No.* Composition, %* 


Si Mn 


Max. Rag., 
0.0001 in. 
2.53 1.07 0.41 51 
2.20 58 
1.62 139 
2.33 55 
2.11 93 
1.71 —* 
2.74 55 
2.39 46 
1.90 _ 
2.64 , ' 55 
2.33 53 
12 1.93 132 
* 0.087% S, 0.126% P. 
** Flash at parting line, no data. 
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Fig. 13—Hot tear cracks at the straight stud-end in type 

“G” castings. Wide crack in the upper casting occurs at 

high carbon content, 2.60 per cent, sample G61. Ab- 

sence of crack or narrow, hairline crack occurs at low 

carbon content, 1.89 per cent, sample G-57. Intermediate 

carbon contents produce cracks such as shown in the 
middle casting. 


In spite of the chemical differences in the irons 
their resistance to hot tearing is similar, although 
castings made from the cold-melt iron sprue did not 
give as low heat tearing strength values as the duplex 
iron sprue did in the range of 2.50 to 2.60 per cent 
carbon. A comparison of Figs. 11 and 14 shows that 
the hot tearing resistance of both irons is almost 
identical over the range of 1.90 to 2.20 per cent car- 
bon. Differences in the two irons become more pro- 
nounced in the range of 2.20 to 2.60 per cent car- 
bon, possibly due to a greater effectiveness of silicon 
and sulphur at the higher carbon level. 

The agreement as well as the differences between 
the curves of Figs. 11 and 14 are good evidence of 
the ability of the hot tear testing apparatus to give 
reproducible results and yet detect variations in the 
metal when they exist. 

Contraction Rate of Straight End Bars: The effect 
of carbon content on the slope of the contraction- 
time curve for the test casting having the straight 
stud end should be the same as for the bar having 
the enlarged end (Fig. 10). If contraction rate varia- 
tion with change in carbon percentage is a funda- 
mental property of the iron it should occur inde- 
pendently of the casting, although the magnitude of 
the contraction rate may be affected by the casting 
design and cooling rate. Furthermore, the contrac- 
tion rate should vary with carbon content whether 
the test bar is restrained or free. 

The foregoing observations were found to be true 
in experiments with the straight stud-end bar. The 
relationship of carbon content to contraction rate in 
test bars freely contracting, and also those contract- 
ing against spring C is illustrated in Fig. 15. The 
data reported in Fig. 15 for bars cast in restraint were 
obtained by determining the slope of the time-deflec- 
tion curves of the castings used in establishirg the 
hot tearing strength vs. carbon content curve, Fig. 
11 and Table 5. The contraction rate relationship 
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to carbon content is thus established as a funda- 
mental property of the iron. 

Hot Tearing Temperature: The temperature of hot 
tearing at the point of fracture of the test casting was 
determined. In addition a survey was made of tem- 
peratures prevailing in the casting at the time of 
tearing. Thermocoup'es were positioned on the cen- 
ter line of the mold at points of interest as shown in 
Fig. 16. A chromel-alumel thermocouple coated with 
refractory cement was embedded at one point in each 
casting. After pouring the casting, deflection and 
temperature data were taken simultaneously until hot 
tearing occurred. 

Temperature as a function of time was recorded by 
means of a high spced electronic potentiometer re- 
corder. The recorder was started at the moment of 
zero-time, the first positive movement in tension reg- 
istered on the dial indicator of the hot tear appara- 
tus. The aforementioned procedure was employed to 
correlate the temperature and deflection data on the 
time basis. Analyzing the temperature-time curves 
and the deflection-time curves obtained by this means 
provided the data given in Fig. 15. The temperature 
of hot tearing at the point of fracture of the stand- 
ard casting was concluded to be 2030 F. 

Figure 16 also shows that the indicated tempera- 
ture at the time of the tear is at a maximum at the 
point of fracture and decreases in either direction 
from the tear. ‘The temperature gradient results from 
the chilling action of the base on one end and the 
stud on the other end. Thus, hot tearing at the joint 
of the small and large sections is greatly favored by 
the sharply defined “’hot spot” which fortunately ex- 
ists in the casting. The amount of liquid metal re- 
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Fig. 14—Graph of stress necessary to cause hot tearing 

and percentage carbon in the iron (Table 6). Straight 

stud-end castings were poured from remelted cold-melt 
iron sprue held at 2700 F in an air atmosphere. 
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maining at each point at the time of hot tearing was 
calculated and is reported in Fig. 15. 

The calculation was based on the recorded cooling 
curve at each point in the casting. The percentage of 
solidified eutectic at the time of tearing was deter- 
mined by dividing the total time interval of eutectic 
freezing into the time interval of eutectic freezing 
prior to hot tearing, and multiplying by 100. The 
total percentage of solid metal present at the time of 
hot tearing was calculated for each carbon content 
from the relationship of percentage carbon to per- 
centage of eutectic metal in iron-carbon, one per cent 
silicon alloys. The table in Fig. 16 points out that 
hot tearing occurs during the later stages of eutectic 
freezing and prior to complete solidification at the 
location of tearing. 

Carbon Content Vs. Hot Tearing 

The occurrence of hot tearing during the freezing 
of the eutectic serves to explain the shape of the 
curve relating carbon content to resistance to hot 
tearing (Fig. 11). In the lower carbon ranges much 
more solid metal forms prior to eutectic freezing than 
solidifies in the higher carbon iron. The amount of 
solid metal formed prior to eutectic freezing deter- 
mines the strength developed prior to hot tearing in 
the eutectic temperature range. The lower carbon 
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Fig. 15—Graph of contraction rate (slope of deflection- 

time curve) as a function of percentage carbon in the iron. 

Upper curve gives the effect of carbon content on contrac- 

tion rate of freely contracting bars. Lower curve gives the 

contraction rate of bars restrained by spring “C”, data in 

Table 5. All castings were poured from 2700 F with 
remelted duplex iron sprue. 
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INDICATED TEMP. °F 2000 2000 2030 1970 1945 
O T-2 Tr6 Tr4 THB To! 























PER CENT SOLID 100 100 t 98 100 
DISTANCE FROM 3 1 " 3 
BREAK-IN. 76 8 °% @B ié 
Temperature Percentage Percentage of 
Eutectic of Solid at Eutectic 
Heat Carbon, Arrest Time of Solidified at 
No. % Start End Tearing Time of Tearing 
T-1 2.45 2065 2030 100 100 
T-2 2.62 2050 2020 100 100 
T-4 2.45 2055 2020 91 60 
T-5 2.19 2130 1945 98 76 
T-6 2.24 2105 2010 100 100 





Fig. 16—Diagram showing the temperatures existing in the 
straight stud-end type “G” casting at the time of hot tearing. 


irons therefore have much more resistance to hot 
tearing, ie., they have more high temperature 
strength above 2030 F. 

Furthermore, mottling at high carbon contents will 
increase the high temperature strength because it 
occurs during the freezing of the eutectic liquid, De- 
pending on the degree of mottling the amount of 
contraction occurring during the freezing of the eutec- 
tic will be greatly influenced, decreasing with in- 
creasing mottling tendency. Decrease in contraction 
during eutectic freezing will, of course, increase the 
strength since it permits more metal to solidify be- 
fore producing stresses high enough to cause hot 
tearing. The influence of carbon contents on mot- 
tling, high temperature strength, and contraction 
rate thus appear to be primary factors influencing the 
hot tearing tendencies of white cast iron. 


Discussion 


The results obtained with the hot tear testing 
apparatus indicate a relationship between per cent 
carbon and the strength and contraction character- 
istics of white cast iron. The latter two properties, 
plus ductility, are combined in their effect in the 
particular test casting studied. The test casting fig- 
ures greatly in the results obtained since its dimen- 
sions and cooling characteristics serve to focus the 
effect of restrained contraction at the intended point 
of fracture. The intent of the casting design is to 
cause hot tearing at a location reproducible in all 
castings. 

The test piece design adopted has been demon- 
strated by the data as one which will provide a defin- 
ite point of hot tearing and one which will reflect 
differences in the strength and contraction properties 
of the iron. Furthermore, temperature gradients at 
the location of the hot tear show that a definite hot 
spot exists at the location of tearing. Conditions 
which involve all the inherent metal properties af- 
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iccting hot tearing are therefore considered to prevail 
in the test casting adopted. 

The loading spring is another factor which in- 
fluences the results obtained with the apparatus. Its 
deflection-load characteristic determines the stress de- 
\eloped in the test bars. The effect of the loading 
spring on the data was experimentally verified when 
tests showed a spring weaker than the “C” spring 
was found unable to cause hot tear rupturing. Re- 
turning to the casting, it is evident that the length 
of the casting determines the total contraction at any 
moment of cooling and, therefore, the load applied 
to the bar by any given spring. 

The combination of contraction by the casting and 
restraint of contraction by the spring causes hot tear- 
ing of the casting. The actual load which will cause 
hot tear rupturing of the bar is a composite result of 
contraction and loading which can vary, depending 
on the characteristics of the test bar and spring em- 
ployed. The combination selected in this apparatus 
was one which gave a suitable range of values for 
experimental purposes. , 

Because the aforementioned factors all enter into 
the data obtained with the present hot tear test, it 
must be recognized that the experimental results are 
relative in nature. For example, the stress values 
plotted in Figs. 9, 11 and 14 may not represent the 
true strength of the metal, since they are calculated 
stress values based on spring deflection relative to the 
particular casting (type G) being studied. 


Tests Indicate Trends 

The value of the data rests principally in the pos- 
sibility of making comparisons involving the particu- 
lar casting. In this sense, the hot tear test is like the 
spiral fluidity test in that a combination of effects is 
measured. Therefore, in considering the graphs and 
other observations reported it should always be rec- 
ognized that they were obtained by the particular 
procedure employed and that their magnitude would 
be altered by other combinations of testing condi- 
tions. 

General trends are, however, held to be indicated 
by the present tests. In addition it appears that any 
variables such as chemical composition, melting prac- 
tice, melting furnace atmosphere, etc., which might 
have a notable effect on the elevated temperature 
strength, ductility or contraction characteristics of 
the metal would be revealed by the hot tear test in 
its present state. 

Foundry Applications: Interpretation of the test re- 
sults in terms of foundry hot tear defects requires 
caution. The data show decreased strength and fail- 
ure at a smaller contraction value at higher carbon 
contents in the iron. However, it cannot be con- 
cluded that a casting which is hot tearing in the 
range of 2.50-2.60 per cent carbon would show 
marked improvement or cease hot tearing when the 
carbon is lowered to 2.20-2.30 per cent. Such an 
expectation would assume that the only factor in- 
fluencing resistance to hot tearing is carbon content 
of the iron. 

One reason for development of the test was to 
study the influence of melting furnace atmospheres 
on the hot tearing characteristics of white irons. By 
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employing the test it has already been discovered 
that high carbon iron melted under one atmosphere 
may be stronger than low carbon iron melted under 
another atmosphere. These results are reported in 
another paper.® It is evident that many factors other 
than carbon content of the iron may influence hot 
tearing in a specific application in the foundry. For 
instance, the many complicating factors introduced 
by the mold and cores may overshadow differences in 
the metal. 

Considering only inherent properties of the metal 
related to carbon content, those which favor de- 
creased hot tearing tendency at the extremes of car- 
bon percentages are tabulated below: 


Facrors FAVORING DECREASED HoT TEARING TENDENCY 
Low Carbon Iron High Carbon Iron 





1. Higher strength Lower contraction rate 
2. Greater deflection or strain 2. Longer time period from 
before failure pouring to the beginning of 
coherence 
3. Micro-mottling 








In actual foundry conditions the above listed fac- 
tors may become important to varying degrees de- 
pending on the nature of the mold and casting. For 
example, when the metal is absolutely restrained as 
by a metal core, its strength and ability to withstand 
strain before failure are very important. This was 
experimentally demonstrated in the present work 
from observations of cracks developed in the test bar 
end containing the stud (Fig. 13). When the 3%-in. 
diameter steel stud was cast into a 4-in. diameter 
test bar end, wide tears always occurred in the end 
at the high carbon levels but were absent or very 
fine when at the low carbon level. 

As another case, consider a mold containing cores 
having a certain degree of collapsibility. The higher 
carbon material being molten and noncoherent for 
a longer time might permit sufficient burn-out and 
collapse of the core to minimize restraint and conse- 
quent hot tearing. Under the same conditions, a 
lower carbon composition becoming coherent more 
quickly might not give sufficient time for core collap- 
sibility to become a factor. 

On the other hand, another weaker core might be 
mechanically compressed by the contracting iron and 
hot tears thus reduced by the stronger low carbon 
metal, while the weaker high carbon material might 
hot tear consistently. The foregoing conditions are 
all postulated on the basis of variations in mold and 
core conditions which may cause one of the proper- 
ties of the metal to become determinant in aggravat- 
ing or minimizing hot tearing. 

Actual evaluation of mold and core effects on hot 
tearing in castings requires a knowledge of their col- 
lapsibility characteristics which is not now available. 
The casting shape and size contribute additional 
problems. These factors of mold and casting which 
are external to the metal complicate the problem and 
must be considered when trying to relate test results 
to the foundry defect. The principal aim of the test 
has been to isolate and determine variations in the 
magnitude of properties inherent in the metal and 
entering into hot tearing. This aim has been ac- 
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complished and a tool provided which, with some 
modifications, may be used to study many of the 
factors which influence hot tearing. 


Summary 


A testing method for evaluating inherent metal 
properties affecting hot tearing has been presented in 
this report. Employing this hot tear testing procedure 
the following conclusions were reached: 

1. In the particular white irons investigated, 
strength or resistance to hot tear rupturing decreases 
with increasing percentage carbon in the iron. 

2. Less strain occurs prior to hot tear rupturing 
as percentage carbon in the iron increases. 

3. Time interval from pouring to the development 
of positive coherence increases with increasing per- 
centage carbon. 

4. The rate of contraction of the test bar after 
coherence develops is a function of percentage car- 
bon in the iron whether the bar contracts freely or 
is restrained. Contraction rate increases with decreas- 
ing carbon content to a maxium rate at 1.80—2.0 per 
cent carbon, and then decreases within the limits in- 
vestigated. 

5. The test casting elongates under restraint dur- 
ing cooling. 

6. Iron containing mottling visible in a fractured 
surface does not hot tear under the conditions of 
these tests, 

7. Micro-mottling occurs at carbon contents lower 
than those which produce visual mottling and _ re- 
sults in an increase of the resistance to hot tearing. 

8. The hot tearing properties of castings made 
from two different melting stocks were evaluated. 

9. A visible relationship exists between the hot 
tear crack developed at the stud end of the casting 
and the magnitude of the stress necessary to cause 
hot tearing as measured by the testing apparatus, low 
resistance to hot tearing and wide tears occurring at 
2.50-2.60 per cent carbon. 

10. The temperature of hot tearing is about 2030 
F in this casting. Hot tearing occurs during eutectic 
freezing and while about the last 10 per cent or less 
of the metal is solidifying. 

In conclusion, it may be said that a test which is 
capable of detecting changes in the inherent hot tear- 
ing properties of white cast iron has been developed. 
Being based on fundamental properties, the test 
should be adaptable to the study of the inherent 
characteristics which influence hot tearing in many 
other metals. 
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APPENDIX 


Detailed drawings of individual parts of the hot 
tear testing apparatus are set forth in the accompany- 
ing illustrations. No complete assembly drawing is 
given since it is believed that the individual parts 
may be readily assembled with the help of the photo- 
graph and schematic drawing of the apparatus (Figs. 
2 and 3) in the first section of this paper. 

The parts detailed in the drawings are: 


1. Chill end block (base) 5. Spring mount 
2. Split chill plug 6. Differential spring tension 
3. Frame rods and end plate evaluator and parts 
4. Cooler coupling 7. Beam spring 
8. Spindle and parts. 
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DISCUSSION 

Chairman: W. K. Bock, National Malleable & Steel Castings 
Co., Cleveland. 

Co-Chairman: F. B. Rote, Albion Malleable Iron Co., Albion, 
Mich. 

E. ReHver (Written Discussion):' The authors, and the 
A.F.S. Malleable Iron Research Committee, are to be commended 
for the attempt described in this paper to evaluate quantitatively 
the practical foundry problem of hct-tearing. It would appear 
that a useful approach has been made, and that a practical test 
for hot-tearing tendency has been developed. With further re- 
finement of the technique, many of the former use'ess arguments 
about hot tears can be settled or avoided by actual experimental 
test. 

It may appear difficult to analyze precisely what is being 
measured by the test procedure, since contraction and stress or 
load are interacting, but since these conditions are similar to 
those probably existing in an actual casting solidifying in a 
mold, the test results should have practical value. It has been 
the writer’s impression that in malleable foundry practice hot 
tears were more likely to occur at lower carbon contents, which 
is the reverse of the findings in the paper under discussion, but 
in a commercial casting the conditions are complicated by 
stresses set up by unequal cooling rates at various locations. 


1 Foundry Engineer, Bureau of Mines and Technical Surveys, Ottawa, 
Canada. 





The authors have shown that hot tearing occurs at or near 
the eutectic temperature when the iron is nearly completely 
solid, and the results in Fig. 9 of hot-tearing stress versus car- 
bon content could have been plotted as stress versus per cent 
eutectic. 

The maximum in contraction rate noted in Fig. 10 at about 
1.80 per cent carbon content is interesting, and, when the effects 
of silicon content on the composition points of the iron-carbon 
diagram is taken into account, corresponds to a carbon content 
of 2.0 to 2.2 per cent in iron-carbon alloys. This is approxi 
mate confirmation of the recent change in the iron-carbon dia 
gram of from 1.7 to 2.0 per cent carbon as the point of zero 
eutectic content. 

Comparison of Figs. 11 and 14, where the only important 
differences are in history of the raw material and in silicon con- 
tent, shows that micro-mottling occurs at the same carbon con 
tent for both 1.10 and 1.30 per cent silicon content. One normally 
would expect that the mottling would occur at higher carbon 
ccntent in the lower silicon iron, espscially on fresh melts under 
similar conditions. Also, the minimum value of strength is lower 
for the higher silicon content iron, whereas sliccn is usually 
regarded as a strengthener of iron. The author’s comments on 
these points would be appreciated. 

MILTON TILLEY (Written Discussion):* This method of test 


? Metallurgist, National Malleable & Steel Castings Co., Cleveland 





196 


ing hot tear tendency is the best the writer has seen so far. It 
may not satisfy the physicist because of the stresses other than 
tension set up at the time of deformation and the inability to 
measure the area involved at time of tearing but the foundry- 
man is interested in the relative tendencies to tear induced by 
metal characteristics of which he has some control and this test 
procedure indicates that it may do that. For instance, it has 
evaluated in a more quantitative way than heretofore the effect 
of carbon content and has shown a difference in two different 
methods of melting. 

It is anticipated that the test will measure more quantitatively 
the correlation noted in the foundries between hot tearing ten- 
dencies and moisture content of the atmosphere and with the 
oxidation rate during melting. 


It is the writer’s opinion that it would be well to investigate 
thoroughly the effects of melting conditions as being a more 
fertile field than refining for most foundrymen realize that there 
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is where metal for malleablizing is endowed with its main chai 
acteristics. At this stage of the art, it is known that mainly the 
properties are influenced more by oxidizing and reducing con 
ditions than any other. Moisture content of the atmospher: 
probably comes under this category. 

The authors are to be congratulated on the development o 
the test apparatus and on its preliminary application. 

Messrs, HEINE AND LANGE (Written Reply): Mr. Rehder’s ob 
servations regarding the influence of carbon content on ho: 
tearing are interesting. Since the paper reports progress on re 
search still in progress, the full story is not told. It is believed 
Mr. Rehder’s question will be adequately answered when the 
results of current work are published. Evidence has been ob 
tained which shows that depending on furnace gases, whit 
irons may tear more readily at lower carbon contents than at 
higher carbon contents, the observation of Mr. Rehder. 

The authors wish to thank Mr. Rehder and Mr. Tilley for 
their discussion of the paper. 
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OF PROPERTIES OF STEEL SANDS AT 


ELEVATED TEMPERATURES 


By 


R. G. Thorpe,* A. E. Riccardo,** P. L. Widener** and P. E. Kyle*** 


ABSTRACT 


In the production of sand castings the surface layers are sub- 
ject to rapid heating to rather high temperatures. The auth- 
ors, in an earlier report' on this project, expressed the opinion 
that if the mold-metal-interface conditions are such that the 
expansion of the sand results in a deformation which exceeds 
the ability of the sand to deform at that temperature without 
fracture, a surface defect will result. 

This report shows conclusive laboratory evidence that the 
maximum temperature where the expansion exceeds the allow- 
able deformation, varies with steel sand mixtures. On the 
basis of observations of scabbing tendencies in the foundry, it 
has been shown that as this temperature increases the scabbing 
tendencies increase. 


Introduction 


This report covers the work on the Sand Research 
Project sponsored by the Sand Division of the Ameri- 
can Foundrymen’s Society which has been completed 
at Cornell University during 1950 and 1951. Part I 
is devoted to the laboratory stress-strain and expan- 
sion studies of several synthetic steel sand mixtures 
at elevated temperatures. Part II is a summation of 
test casting results on the scabbing tendencies of the 
sand mixtures tested in Part I and an extension of 
work previously reported upon in the Tenth Annual 
Report. The appendices include additional data on 
problems which relate-to the main objectives of the 
program. 

The authors wish to acknowledge the many help- 
ful suggestions and the guidance given by the A.F.S. 
Sand Division Committee on the Physical Properties 
of Steel Foundry Sands} at Elevated Temperatures, 
under the chairmanship of J. H. Lowe. The Sand 
Research Project is indebted to the New Jersey Silica 
Co., to Eastern Clay Products, Inc., and to the Ameri- 
can Colloid Co. for all of the raw materials used in 
the investigations. The willing assistance of the Har- 
ry W. Dietert Co. in obtaining special items of equip- 
ment is acknowledged. 


*Asst. Prof. of Metallurgy, **A.F.S. Investigator and ***Prof. 
of Metallurgy, Cornell University, Ithaca, N. Y. 

+Committee 8-L—J. H. Lowe, Chairman; H. M. Kraner, C. 
W. Briggs, H. W. Dietert, R. H. Jacoby, C. B. Jenni, R. E. 
Morey, J. A. Rassenfoss, H. F. Taylor, D. C. Williams. 
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The opportunity to test out the theories developed 
in the laboratory was made possible by the splendid 
cooperation on the part of the Wehr Steel Company 
(J. H. Lowe) and The American Steel Foundries (J. 
A. Rassenfoss), in whose plants all of the castings 
discussed in Part II were poured. 


PART | 
Stress-Strain and Expansion Test Data 


The procedures used for the preparation of the 
test mixtures, as well as the techniques employed in 
specimen preparation and testing, have been described 
in previous progress reports, but briefly they. are as 
follows: 

Mixture preparation: Base sand and clay are dried at 
220-230 F for at least 1 hr and cooled to room tem- 
perature. Batch size is maintained at 5000 gm for a 
24-in. Simpson Laboratory Muller with plow clear- 
ance of 4, in. The base sand is added to the muller, 
temper water added slowly and the mixture mulled 
for 5 min. Clay is uniformly distributed and the mix- 
ture mulled for 10 min. The mixture is then dumped, 
riddled through a four-mesh riddle directly into glass 
storage jars and covered tightly. The batch is allowed 
to stand for at least 2 hr prior to further use. 

Specimen preparation: (a) 11,-in. diam by 2-in. 
cylindrical test specimens are double-end rammed for 
stress-strain testing in a split specimen tube with three 
blows of the standard A.F.S. rammer. The green 
specimen is placed between mullite disks, inserted 
into the dilatometer furnace and tested in accordance 
with the procedure outlined in Appendix A, using an 
exposure time of 20 min. 

(b) The l-in. x l-in. x 8-in. expansion test speci- 
men is rammed to the same density (as determined 
by sand weight) as the 114-in. x 2-in. stress-strain 
specimen (refer to Appendix E), transferred to a 
fused quartz plate and inserted into the heated hearth 
of the research furnace. Measurements of specimen 
length are taken optically by means of a telescope 
mounted externally to the furnace and the expansion- 
time curve plotted. 

This phase of the research program has been con- 
cerned with mixtures formulated from the New Jer- 
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sey No. 60 base sand and utilizing either fire clay or 
western bentonite as a binder, with moisture held 
constant at either 3 per cent or 5 per cent. 


Typical Stress-Strain Curves 


Typical stress-strain curves for bentonite-bonded 
mixtures are given in Figs. 1, 2, 3, and 4. It is noted 
that the shape of the stress-strain curve is approxi- 
mately the same for any selected temperature, re- 
gardless of the binder concentration. The axis units 
for Figs. 1 and 3 were specifically chosen in order to 
emphasize this characteristic. 

It should be noted that specimen failures are brit- 
tle and take place in shear in the range from room 
temperature to that temperature at which the peak 
hot compressive strength is developed by the mixture. 
At higher temperatures, the specimen fails plastically 
due to flow of the bonding material. 

Figure 5 is a composite plot of hot compressive 
strength as a function of temperature for bentonite 
concentrations of 1, 2, 3 and 4 per cent and bears out 
the recognized fact that the shape of the strength- 
temperature curve is determined by the binder or 
binders present in the mixture. The displacement of 
the individual curves in Fig. 5 may irtdicate that the 


thickness of the bond film has considerable influence 
on the strength of the mixture. 

Maximum strain (ductility is shown to be closely 
related to bond film thickness in Fig. 6, and quite 
obviously due to the fact that the bentonite is the 
most easily deformable component in the mixture 
over the entire temperature range. 

Maximum free expansion on shock heating is giv- 
en in Fig. 7 as a function of furnace temperature for 
the bentonite-bonded mixtures. Since the clay is the 
only material in the sand mixture which exhibits a 
marked contraction over the entire temperature range 
from room temperature to the usual steel pouring 
temperatures, it is not surprising that the expansion 
of the mixture should vary inversely with clay con- 
tent. It should also be noted that the expansion- 
temperature curve is always positive (shows no con- 
traction) because any large unit contraction of the 
minor constituent (clay) is masked by the low unit 
expansion of the sand grains since they exist in the 
mixture as the major constituent. 

Modulus as a function of temperature for the ben- 
tonite-bonded mixtures is plotted in Fig. 8. For each 
of the stress-strain curves there appears to be a por- 
tion where stress is proportional to strain. The slope 
























R. 


G. Tuorre, A. E. Riccarpo, P. L. WIDENER AND P. E. KyLe 





070 


MAXIMUM STRAIN 









IN COMPRESSION 








060 VS 
TEMPERATURE 





5% MOISTURE 
SHOCK HEATING , 
20 MINUTES EXPOSURE TIME 





8 








3 





ray 
r} 











ALA 


os i. ae 








MAXIMUM STRAIN-COMPRESSION, IN/IN 
8 





<a’! 
Ay, 

















Lo 
i a 


ar 


a °—— 1% WESTERN BENTONITE 
































oe Cie Nae TaD Be casa A 2 
yi es | o——e 2% WESTERN BENTONITE 
i= eae on o——e 3% WESTERN BENTONITE 
——— ) oe = 
a o—o 4% WESTERN BENTONITE 
j _ 
1000 1100 1200 1300 2000 2100 2200 2300 


of the curve in this straight-line portion is the value 
recorded as the modulus. These slopes were taken 
from the autographic records. 

The values from a series of tests made on one mix- 
ture at any temperature varied considerably and the 
plotted results represent the best average which could 
be obtained. No attempt will be made at this time to 
interpret these data since it is not certain if the ac- 
curacy of the determination is adequate. Further 
work is necessary also to determine if the mixture is 
elastic over this range of proportionality. 
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PART Il 


Strain-Expansion Characteristics of the Mixture 
and Their Relationship to Scab Formation 

On the basis of a limited amount of laboratory test 
and foundry casting data, a tentative correlation be- 
tween the fundamental strain-expansion characteris- 
tics of several sand mixtures and the tendency of 
those mixtures to form defects of the mold wall frac- 
ture type was proposed in the Tenth Annual Re- 
port.1 The two sand mixtures tested in this phase of 
the work both used the New Jersey No. 60 base 
sand, one bonded with 4 per cent Western bentonite, 
the other bonded with 10 per cent fire clay; both 
maintained at a moisture level of 5 per cent. It was 
determined that the fire clay-bonded mixture showed 
a more pronounced tendency to form the scab defect 
than did the bentonite-bonded mixture. 
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As suggested mixtures for a continuation of this 
work, the Committee indicated that a reduction in 
clay concentration might also produce a scabbing 
mixture in a bentonite-bonded sand. 

Expansion and stress-strain studies were made on 
sand mixtures bonded with 3 per cent, 2 per cent and 
1 per cent western bentonite, misture held constant 
at 5 per cent. The new data are plotted on Fig. 9 
with the data for the 10 per cent fire clay and 4 per 
cent Western bentonite mixtures. It is noted that the 
temperature at which the free expansion of the mix- 
ture is less than the ability of the sand to deform 
under load without failure moves toward a higher 
value as the bentonite concentration is reduced. 


Fig. 11—Test castings showing scabbing. See Table 2. 
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Fig. 12—Test castings showing scabbing. See Table 2. 


TABLE | 





Binder Concentration, % Critical Temperature, F 


Western Bentonite 4 1550 


3 1870 
2 2150 

ye ] 2240 
Fire Clay 10 2040 





It might be predicted, therefore, that the mixtures 
bonded with 2 per cent and 1 per cent bentonite 
would form scab defects even more readily than the 
10 per cent fire clay mixture, if tested under compar- 
able conditions. 

In order to confirm the laboratory data, test cast- 
ings were poured in steel, using the Steel Founders’ 
Society of America test casting (Fig. 10). The first 
series of castings poured with moisture held at 5 per 
cent for all the mixtures showed defect formation 
for all the mixtures, ranging from slight scabbing in 
the 4 per cent bentonite-bonded mixture to very 
badly scabbed areas with the 1 per cent bentonite- 
bonded mixture (Figs. 1] and 12). 

Moisture was then reduced to 3 per cent for all 
mixtures and the series repeated. Figure 13 shows a 


Fig. 13—Test castings showing scabbing. See Table 2. 














decrease in scab severity as the bentonite content is 


increased. 
\ description of the sand mixtures used in produc- 
ing the castings shown in Figs. 11, 12 and 13 is given 














in Table 2. 
TasBLe 2—-Test CASTINGS 
Casting Binder 
No. Type “a Content, % Moisture, % 
l Western Bentonite l 5.0 
2 - 2 5.0 
3 - 4 5.0 
t Fire Clay 10 5.0 
5 Western Bentonite l 3.0 
6 = 2 3.0 
7 4 3.0 
7 8 Fire Clay 10 2.9 
9 Western Bentonite l 4.2 
10 - 2 4.5 
11 4 4.5 
12 Fire Clay 10 4.4 
APPENDIX A 





Description of Hot Strength-Deformation Recorder 


The Hot Strength-Deformation Recorder automa- 
tically records the values of stress and strain produced 
by loading a sand sample from zero load up to its 
breaking point. The sensing elements for recording 
load and deformation are differential transformers. 
The transformer for the deformation recording, Tp, 
is shown on Fig. 14, and the transformer for the load 
recording is in the recorder box. These transformers 
have one primary winding and two secondary wind- 
ings on a common axis around an open center spool. 
The iron cores of the transformers inside the spools 
are free to move axially with respect to the windings 
and can be adjusted by thumbscrews, S. 

When the iron core is centered in the transformer, 
equal voltages are generated in the secondary wind- 
ings. Axial displacement from this center position 
produces a measurably larger voltage generated across 
the closer secondary winding, and a correspondingly 
smaller voltage across the secondary winding further 






























Fig. 14—High temperature load-deformation recorder. 





R. G. Tuorre, A. E. Riccarpo, P. L. WipENER AND P. E. Ky Le 205 








from the core. This change in voltage is amplified by 
a power pack which, in turn, drives the recording 
motors in the direction indicated by the secondary 
winding of the highest voltage. 

The change in secondary voltage varies linearly 
with core position provided that the core is within 
0.100 in. of the center position. Therefore, the core 
has a range of movement of 0.200 in. or 0.100 in. on 
either side of the center position. Outside of this 
range, the output voltage will not be linear and 
hence the recorded values of load and deformation 
will not be accurate. It is necessary, therefore, to keep 
the differential transformers in proper adjustment. 

The deformation pick-up assembly consists of a 
lever, L, with a variable ratio, and the differential 
transformer mechanism discussed earlier. With a lever 
ratio of 1:1, the deformation range of the recorder is 
0 to 0.080 in./in. Changing the ratio to 1:2 gives a 
range of 0 to 0.160 in./in., while a ratio of 1:3 ex- 
tends the range from 0 to 0.240 in./in. With a lever 
ratio of 1:], the graph reads directly in thousandths 
in./in., using the scale provided. In the range from 
0 to 0.160 in./in., the deformation scale readings must 
be multiplied by 2 and in the 0 to 0.240 in./in. range, 
the readings must be multiplied by 3. 

The deformation pick-up assembly is clamped to 
the left hand post of the dilatometer. With the tip 
of lever, L, resting on the metal collar which holds 
the lower ceramic loading post, the assembly is ad- 
justed until the lever is level, as judged by eye. Using 
the 0 to 0.080 in./in. range, the tranformer core is 
centered by placing the 1.920-in. metal specimen be- 
tween the ceramic caps on the lower loading post. 
The dilatometer is now loaded until the upper post 
is contacted. The transformer core should now be at 
the center of the differential transformer, but it can 
be positioned exactly in the center of the transformer 
by using a low range AC voltmeter to record the 
exact voltages across each of the secondary windings. 

The load recording mechanism is a Bourdon Tube 
with a differential transformer mounted on its tip. 
The Bourdon Tube is connected to the high pressure 
side of the hydraulic system of the dilatometer. The 
position of the transformer core in relation to the 
windings is set correctly at the factory, but can also 
be checked in the same way as the deformation trans- 
former. Again movement of the core inside the trans- 
former gives different voltages which are amplified 
in the power pack. This signal is sent to the motor 
which, in turn, drives the drum. 


Procedure 


In actual use, a sheet of recording paper is placed 
on the drum and held in place with two coil springs 
at either edge of the paper. The recorder is now set 
at zero psi by loosening the thumbscrew, S,, which 
holds the drum in place, and rotating the drum until 
the stylus is at the zero position on the chart. The 
thumbscrew should be tightened after positioning. 
With pencil lead in the stylus and the stylus on the 
paper at zero psi, the transformer thumbscrew is ad- 
justed so that the stylus moves to the left hand margin 
of the paper. 
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A lin. by 2 in. long green sand specimen is 
prepared in the manner prescribed by the A.F.S. test 
procedure.* This specimen is placed in the dilato- 
meter and allowed to soak at temperature for a 
period of 20 min. Three minutes before the 20 min 
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are up, the recorder is turned on and allowed to 
warm up. With the stylus set at zero strain and zero 


*See Founpry SAND HANDBOOK, 6th edition, p. 107, published 
by the American Foundrymen’s Society, Chicago (1952). 
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ress, the specimen is loaded to failure. Curves such 
s Figs. 15 and 16 are obtained. 

A tare curve is run by placing a cold ceramic cylin- 
‘r equal in length to the sand specimen plus two 
‘aps on the lower loading post. Loading is started 
‘s soon as the cylinder is raised to contact the upper 
oading post, and continued to the maximum ex- 
pected value of load. Such a curve gives the deforma- 
‘tion of the loading system. At each value of stress, 
ihe corresponding value of loading system deforma- 
tion is picked from the tare curve and subtracted 
from the experimental curve to give the true value 
of strain for the particular specimen in question. 
Curves such as those shown in Fig. 17 are the stress- 
strain curves plotted using data from the load-defor- 
mation curves made with the recorder. At least five 
specimens are tested and the average values from 
the curves are used as characteristics of the sand mix- 
ture. 


Comments on Operation 


There is an inherent time lag in the strain record- 
ing mechanism as can be seen from the curves of 
stress vs strain for bentonite, Fig. 17. At 2000 F, there 
are two separate curves of stress vs strain from both 
the previous data! and the recorder data. These show 
the variation which is obtained at a single tempera- 
ture. These curves indicate that for a given stress, 
the corresponding strain as compared with previous 
data taken with a movie camera lags by as much as 
0.005 in./in. No doubt, a time lag also exists in the 
stress recording mechanism. However, this lag can- 
not be detected by eye. Values of stress observed on 
the dilatometer pressure gage correspond very well 
with values observed on the recorder during loading. 

The time jag in the strain mechanism is due to 
the short times necessary to pick up, transmit, and 
retransmit the signals from the cores to the motor 
driving the stylus and the drum. There is a further 
time lag in overcoming the inertia of starting these 
elements. Both of these lags would have the effect of 
moving the curves, Fig. 17, to the left. 

Copies of the typical curves as obtained from the 
recorder are included, Figs. 15 and 16. At 1450 F, it 
can be seen that a sharp peak is obtained due to the 
rapid, brittle failure of the specimen. From this peak, 
values of maximum load and deformation can readily 
be obtained. However, at 2000 F some difficulty is 
encountered in obtaining the value of maximum 
strain. The strain at maximum stress is the highest 
point on the curve, but the strain at failure (maxi- 
mum strain) occurs somewhere to the right of the 
peak due to the gradual plastic failure of the speci- 
men. Failure dces not occur at the point of highest 
stress, although for all practical purposes, the sand 
may no longer have significant load carrying ability. 

On most of the curves at these high temperatures, 
the load decreases after the maximum and at the 
point of failure the curve beccmes a straight line, due 
to the recoil of the drum. The beginning of this 
straight line portion of the curve (marked with an 
“x” on Fig. 16) after maximum stress is reached has 
been taken as the point of failure and the point of 
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maximum strain. On many curves this point of fail- 
ure is difficult to obtain because the straight line por- 
tion of the curve is approximately tangent to the 
load deformation curve before failure. 

The new data on hot compressive strength vs temp- 
erature for both fire clay (Fig. 18) and bentonite 
(Fig. 19), are within the experimental limits of ac- 
curacy when compared with previous data. However, 
the value of strain appear to be substantially lower 
than those obtained previously and are apparently 
not within the limits of experimental accuracy. These 
differences are attributed to the lag in the strain re- 
cording mechanism already mentioned. When these 
low values of strain were obtained, the expansion 
characteristics of the sand mixtures were checked 
using the research furnace and found to agree with 
values for similar mixtures previously tested, indicat- 
ing that the sand mixtures had not changed. 


APPENDIX B 
Research Furnace Control System 

The original research furnace control system was 
designed as a high-voltage capacitor-modulated unit.‘ 
After the capacitor bank burned out in July 1950, it 
was decided to improve the control system and to 
eliminate the operating hazards which had been in- 
herent in the original set-up. 

A General Electric Reactrol unit was purchased, 
installed and tested satisfactorily. Essentially, the new 
system is a low-voltage, high-current proportional type 
controller which varies the power applied to the 
heating units in infinitely variable increments by 
means of a saturable core reactor. Several safety de- 
vices are incorporated into the system to prevent 
furnace failure due to overheating, with the result 
that the furnace may now be left unattended for long 
pericds of time while operating at 2500 F. 

General apparatus arrangement is shown in Fig. 20. 
Note that the entire unit is extremely compact. 

A considerable amount of time has been devoted 
to the installation and testing of the new control 
system to insure that this unit was capable of meet- 
ing the design demands. It is felt that the apparatus 
is completely satisfactory in all respects. 


APPENDIX C 
Scabbing Tests at Wehr Steel Co. 


Exhaustive stress-strain and expansion testing had 
revealed that from the standpoint of theoretical con- 
siderations, a New Jersey No. 60 base sand bonded 
with 10 per cent fire clay at a moisture level of 5 per 
cent should be more prone to scab than the same sand 
bonded with 4 per cent Western bentonite at 5 per 
cent moisture. A series of castings poured in gray 
iron using the Fairfield scabbing pattern confirmed 
the laboratory testing work. A complete discussion 
of this phase of the research is given in the 10th 
Annual Report.! 

At the time of presentation of the )*i) Annual 
Report, steel melting facilities were not yet available 
at Cornell University. In order to further confirm 
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Fig. 20—Research furnace and controls. 


and extend the work, a similar study was undertaken 
at Wehr Steel Co. foundry, Milwaukee, August, 1950. 

It was found that the Fairfield scabbing pattern 
could be used for work in steel if modified by (1) re- 
moval of two opposed pattern sides so that liquid 
metal is forced to flow over a large green sand core, 
and (2) the addition of a large riser to the top of the 
pattern in order to provide an adequate feed reser- 
voir. (See Fig. 21.) 

The plan of the investigation was essentially a dup- 
licate of the founding work at Cornell University ex- 
cept that three base sands were used, each bonded 
with 4 per cent Western bentonite and 10 per cent 
fire clay, with moisture held at 5 per cent. Screen 
analysis data for the three base sands is given in 
Table 3. 


TABLE 3—-SCREEN ANALYSIS FOR WEHR BASE SANDS 
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Fig. 21 


All molds were rammed on a production jolt- 
squeeze machine to a mold hardness of 67-75 with 
the sand mixture under test used as facing sand over 
the top and sides of the pattern to a rammed depth 











US Screen N.J. 60-2 N.J. 100-1 Portage : - ‘ 
Mesh of at least 114 in. All molds were poured in acic 
a —— electric steel. A representative portion of the found- 

90 x om i ing data is given in Table 4. 
30 0.2 om an It is noted that fire clay bonded sands showed a 
40 1.4 0.2 2.0 much higher incidence of scab formation than did 
50 11.2 0.6 20.3 Western bentonite bonded sand. The above data, 
= = wy _ while interesting, is not regarded as being highly c 
ss 29.6 412 oR 5 il sting, is not regarded as being highly con- 
140 9.4 31.6 11.0 clusive due to the fact that stress-strain and expan- 
200 1.6 10.0 1.6 sion data are not available for the mixtures using the 
270 0.2 2.6 1.1 Portage and N.J. 100-1 sands. Such data will not be 
Pan 0.2 1.0 = : -. : 
P il the load- rmz - 
one com “3 Panes ana determined until the load-deformation recorder be 
comes available. 
TABLE 4 
Casting 
No. 2 3 0 8 x 2a y 10 
Base Sand NJ 60-2 NJ 60-2 NJ 100-1 NJ 100-1 Portage Portage Portage Portage A 
Moisture, % 5.1 4.8 5.4 54 5.0 4.8 4.2 4.2 
Clay Type W.B. F.C. W.B. F.C. W.B. W.B. F.C. F.C. 
Clay Conc., % 4 10 4 10 4 4 10 10 
Permeability 140 135 80 70 95 95 100 95 
Green Comp. Str. 3.1 1.8 3.3 2.1 4.3 4.3 2.5 2.4 
Mold Hardness, Cope 50-65 65 65 60-70 60-65 65-70 60-70 55-65 
Mold Hardness, Drag 70-75 65 70-75 75 65 70-75 70 6£-70 
Scab Occurrence No Yes No Yes Yes No Yes Yes 
Defect Area = 2 in.? No Yes No Yes No No Yes Yes 
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APPENDIX D 
Buckling Test 


The buckling tendency of any sand mixture, when 
exposed to radiant heat, may easily be observed by 
making a suitable mold of the sand mixture in ques- 
tion and pouring only enough metal into the cavity 
to heat the sand at the mold cavity face in the cope 
section. 

In order to create a comparable situation in the 
laboratory, a sand specimen must be completely con- 
fined on all but one side. Figure 22 illustrates a 
special specimen holder for the l-in. x l-in. x 8-in. 
expansion specimen made of fused quartz and the type 
of surface failure observed with a green specimen 
made of N.J. No. 60 sand and bonded with 10 per 
cent fire clay at 5 per cent moisture under shock 
heating conditions at 2500 F. This shows the very 
marked effect of rapid heating on the expansion of the 
surface layer and the buckling due to its inability to 
deform without fracture. This test will be used in 
the future to observe buckling tendencies in various 
mixtures. 


BUCKLING TEST 
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APPENDIX E 
Notes on Expznsion Testing 


A—Specimen Geometry—An investigation of the ef- 
fect of specimen geometry on the magnitude of the 
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maximum expansion developed on shock heating 1 
veals that maximum expansion is independent of sp: 
cimen size and shape. An 8-in. gage length is ideal!, 
suited to the apparatus used at Cornell and will be 
used in the future. 

B—Specimen Preparation—The specimen press forn 
erly used for the preparation of expansion specimen, 
has been discarded in favor of a modified transvers 
test core box and rammer. Comparison tests run oi 
specimens prepared by pressing and ramming to the 
same density show that mode of specimen prepara 
tion dces not influence the specimen behavior on 
shock heating. 

C—Support Refractories—In the Cornell expansion 
test procedure, the slabs cut from a zirconite brick 
have been used to support the specimen during the 
test. While zirconite is highly resistant to heat shock, 
frequent breakage of the support slabs has promoted 
a search for a better material. 

Specimens of fused mullite, zirconium oxide, zir- 
conite and vitreous silica have been tested. Vitreous 
silica is by far best material found to date. A series 
of expansion tests were run on a representative mix- 
ture to insure that the support slab material or geom- 
etry had no effect upon the expansion of the speci- 
men. Since results obtained with the vitreous silica 
slabs check with the results obtained with the old 
zirconite slabs, the vitreous silica slabs will be used 
for all future expansion testing. 


DISCUSSION 


Chairman: H. W. Dietrert, Harry W. Dietert Co., Detroit. 
Co-Chairman: E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 
Recorder: R. H. Jacosy, The Key Co., East St. Louis, Ill. 

J. B. Caine: There are too many test casting designs in use. 
The time has come to standardize on one pattern in place of the 
27 different cnes used. A committee is now being formed to set 
up a uniform test casting. All foundries considering the use of 
test patterns shculd contact the American Foundrymen’s Society 
for specific design. 

W. B. Parkes:? We tried to determine at what temperature 
sand scabs occur. A riser on casting was used with thermccouple 
hook-up. Results were widely scattered from 573-1100 C (1065- 
2010 F). 


1 Consultant, Cincinnati, Ohio. 
2 British Cast Iron Research Association, England. 














RISERING OF GRAY IRON CASTINGS 


Progress Report No. 3 


By 


W. A. Schmidt* and H. F. Taylor** 


Authors’ Foreword 


On January 5, 1950 the Gray Iron Research Com- 
mittee of the American Foundrymen’s Society met at 
M.I.T. and outlined the following program: 

(1) A correlated bibliography would be completed, 
and 

(2) A fundamental program of research would be 
undertaken to rationalize the complex problem of ris- 
ering gray iron castings. 

“Fundamental research” is construed to mean an 
approach which will lead to a basic understanding of 
why gray iron castings behave in anomalous and unde- 
pendable fashion as regards shrinkage characteristics. 
Some of the many sponsors of this current work (mem- 
bers of A.F.S.) may think an indirect approach, using 
conventional risers and making castings of various 
shapes and sizes, would be a more fruitful avenue of 
attack. Since no real progress has been made to date 
by this approach, the more fundamental method seems 
indicated. 

The following is a “boiled-down” description of 
work done to date at M.LT. 


|. Introduction 


Progress Report No. 1 was an extensive biblio- 
graphy on practices and theories on gating and riser- 
ing of gray iron. Report No. 2 was a very short syn- 
opsis of studies made on types of shrinkage encoun- 
tered in commercial gray iron castings; these were of 
typical grades of commercial gray iron furnished by 
the Gating and Risering Committee. 

Last year (1951) an oral report was made on re- 
search at M.I.T. in which spheres of different grades 
of cast iron were rotated during solidification. It was 
found the type of iron affected the degree of shrink- 
age to a very small extent; the biggest factor govern- 
ing shrinkage behavior being the mold into which the 
metal was poured. Dry sand molds either eliminate or 
greatly reduce the amount of shrinkage in gray iron 
castings, while green sand molds are very prone to 
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produce large cavities (Fig. 1). This led to some work 
on the effect of various gases on the shrinkage be- 
havior of iron. The results of this work showed that 
hydrogen, oxygen, and water vapor all produced small 
effects tending to increase the amount of shrinkage 
present, but not of a magnitude large enough to be a 
controlling factor in the problem (Fig. 2). Rotation 
of spheres did not prove necessary so the apparatus 
is not described; spheres cast statically gave the same 
results. 

While this work was being done, it was observed 
that two distinctly different types of shrinkage cavities 
were recurring. The most prominent type, due to 
its frequent occurrence, was the conventional “V”’ 
shaped cavity (Fig. 2-4). The other and more ob- 
scure type of cavity was one with smooth parallel 
walls, having a diameter 4 to 4 in., penetrating the 
casting to a depth of about | in. (Figs. 2-3 and 2-6). 
The shape and character of this second type cavity 
suggests it is formed by a sudden and urgent demand 
for feed metal while the casting is in a mushy or 
semi-solid state. The first and more common type 
cavity is formed by progressive feeding of the casting. 


Il. Description of Current Work 


It has long been suspected that mold wall move- 
ment has been responsible for shrinkage in gray iron 
castings; it is known that castings showing unexpected 
cavities are often larger than those that show no 
shrinkage under similar conditions of risering. Be- 
sides the work of this research, it has lately been in- 
dicated in the literature that mold wall behavior is 
an important item; so the current research (described 
herein) includes: 

1. measurement of dilation of mold and casting dur- 

ing solidification, (these measurements to be made 

in both green and dry sand); 

2. measurement of shrinkage of iron in green sand 

molds, its magnitude and relation to temperature 

of casting; 

3. dimensional measurements of solidified castings; 

4. an approach that would determine whether or 

not dilation in green sand molds could be restricted 

by mechanical methods; 

















COPE SURFACE 


Fig. 1 


5. density determinations; and 

6. qualitative study of the effects of thermal gradi- 

ents in solidifying castings. 

111. Procedure 

In all experimental work reported hereafter, sand 
and metal composition were kept constant. The sand 
used was washed silica (No. 80 A.F.S. grain fineness) , 
bonded with 4 per cent Western bentonite, 14 per 
cent cereal, 14 per cent dextrine, and 314 per cent 
water. The metal was iron from a master heat, re- 
melted by induction in a graphite crucible. The 
analysis of the metal was: C—3.02; Si—1.42; Mn— 
0.96; S—0.09; P—0.09. 


Method for Studying Effect of Mold Restraint—As 
a preliminary step, the effect of mold restraint on dila- 
tion was studied. This was entirely qualitative due 
to difficulties in maintaining constant mold condi- 
tions. A thin steel sleeve was faced inside with thick- 
nesses of sand ranging from 14 in. down to a mold 
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wash, in l4-in. steps. These castings were small cyl- 
inders 114 in. in diameter and 3 in. high. The pipe 
was varied in diameter to accommodate added thick- 
nesses of sand. The manner in which they were ad- 
judged for degree of dilation was the relative size of 
the shrink hole formed and the measured diameter. 


Method for studying Mold Movement (Dilation)— 
To study dilation of castings as they solidified, a 
small 2-in. diam cylinder, 5 in. high (bottom-gated), 
was used. An Ames Dial was placed 1 in. from the 
bottom of the casting and another 134 in. from the 
top (Fig. 3). A connecting link of carbon rod trans- 
mitted movement of the mold-metal interface to the 
Ames Dial. To provide a bearing for the carbon rod 
at the interface, a thin steel plate about 14-in. square 
was molded in the sand. Temperatures were taken 
on a recording potentiometer with a Pt-Pt, 10% Rh 
thermocouple placed at the center of the casting. 
With an electric clock to indicate time, all instru- 
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GREEN SAND 










UNTREATED 


ments and dials were photographed with a motion 
picture camera to permit a simultaneous and perm 
anent record (Figs. $3 and 5). Castings poured in both 
green and dry sand molds were measured with this 
apparatus. 


Method for Studying Rate of Metal Shrinkage—To 
measure the volume of shrinkage occurring with 
green sand molds, a larger casting, 3 in. in diameter 
and 6 in. high, was used. This was necessary to per- 
mit easier and more accurate measurements. Temper- 
atures were recorded on a potentiometer using a Pt-Pt, 
10% Rh thermocouple at the center of the casting. 
An open riser 114 in. in diameter, 2 in. high, was 
placed atop the casting for feeding and to facilitate 
measurement of the shrinkage. The riser was formed 
by a thin shell of sand, 4, in. thick, backed with | 
in. of vermiculite, for insulation. The casting was 
poured through the riser, and the riser was covered 
with rice hulls immediately after pouring. 
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Fig. 2 


To measure the level of the liquid metal in the ris- 
er as the casting solidified, a thin metal, probe was 
lowered into the cavity through the rice hulls. When 
the probe touched the metal surface, it completed an 
electrical circuit, indicating contact (Figs. 4 and 6). 
In this way the rate at which riser metal was drawn 
into the casting could be followed accurately. Upon 
sectioning the riser, the volume and rate at which 
the riser fed could be caiculated. Figure 9 shows the 
correlation of shrinkage volume with temperature of 
the casting at three different pouring temperatures. 


Qualitative Evaluation of Thermal Gradients—To 
alter cooling rates in these castings, a set of three dry 
sand and three green sand molds were made of the 
3 x 6-in. cylinder. The top was left open on all molds. 
Immediately after filling the molds, one pair was cov- 
ered with an eighth-inch layer of clean dry sand, one 
pair with rice hulls and the last two castings were left 
open to the atmosphere. 
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Fig. 3—Dilation measurement apparatus. 
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Fig. 4—-Assembly for measuring rate of shrinkage. 


All castings made in these experiments were care- 
fully measured with micrometers on the diameter 
over the entire length at 14-in. intervals and then the 
casting was sectioned. Several measurements were 
made on each plane to obtain an average value. 

Density determinations by the water displacement 
method were made on l-in. cubes taken from the 
centers of several of the castings. 
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Fig. 7 (Right)—-Dilation of green and dry sand castings. ii ; 
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IV. Discussion of Results 





The amount of dilation was found to be reduced by 
mechanically restraining the green sand mold wall. 
The principal observation made in this connection 
was that the steel sleeve had to be placed very close 
behind the facing sand before its effects were observed. 
This distance, between the casting and sleeve, was in 
the range of 14 to 14 in. When the casting was poured 
directly against the sleeve, coated only with mold 





Fig. 10—-Castings made to determine shrinkage charac- 
teristics using insulated risers in greer: sand molds. Pour- 
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Fig. 8—Typical dry sand and green sand castings made 
in dilatometer experiments. Pouring temperature, 2525 F. 


wash, dilation increased somewhat. This could be at- 
tributed to the fact that the sleeve heated up more 
than before and expanded during the critical solidi- 
fication period of the casting. 

The data obtained from the Ames Dials, were used 
to plot curves of dilation versus time and tempera- 
ture (Fig. 7). The exact amount of dilation observed 
was reproducible only in dry sand molds but the re- 
sults were consistent even for green sand. These curves 





ing temperatures (left to right), 2300 F, 2535 F and 


2730 F. 
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Fig. 11—Effect of top-covering materials on dry sand and 
green sand castings. A, Open to atmosphere; B, Thin 
layer of dry sand; C, Rice hulls. 
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Fig. 12 


show that dry sand molds dilate very little. Green 
sand molds show a consistent rapid dilation, begin- 
ning as soon as the mold is poured and continuing 
through a point slightly above the eutectic. On fur- 
ther cooling, dilation proceeds at a much slower rate, 
stopping completely at some point during the eutec- 
tic hold. 

Profiles of all the castings showed a slight dishing 
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Fig. 14—Typical risered dry sand and green sand cast- 
ings. Pouring temperature, 2470 F. 


in the upper half. All attempts to pick this up on 
the Ames Dials were unsuccessful. It is believed that 
this dishing occurs after the major portion of the ob- 
served dilation is passed. 

Figure 9 shows that feeding in green sand cast- 
ings is completed as soon as the liquidus tempera- 
ture is reached, and that the amount of feeding is 
not dependent on pouring temperature alone. In 
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other words, any dilation occurring after the liquidus 
is reached will cause shrinkage of some sort, since no 
more riser metal is available. 

Comparison of Figs. 7 and 9 shows that these two 
experiments are in relative agreement regarding dila- 
tion as a cause of shrinkage. 

Measurements of the diameters of all the castings 
show that those made in dry sand are always smaller 
than those made in green sand. Figure 13 shows the 
average shapes of risered 3-in. cylinders. It will be 
noticed that the dry sand castings adhere more close- 
ly to patternmakers’ shrinkage rules; and that the 
distortion present at the bottom of the castings is 
more pronounced in the case of green sand. 

Density determinations made on many of the cast- 
ings show no trend towards greater density in green 
sand castings. This is in contradiction to results we 
have reported previously on another group of ex- 
perimental castings. It appears density is not an im- 
portant parameter. 

In all castings of green or dry sand, up to this 
point, there were no signs of interdendritic shrink- 
age. The open castings, using various covering treat- 
ments to obtain different cooling gradients, were used 
to induce some interdendritic type shrinkage; the 
technique proved wholly successful (Fig. 11). Al 
castings, except the one in green sand with the top 
exposed to the atmosphere, exhibited some form of 
interdendritic shrinkage. The dry sand castings cov- 
ered with rice hulls or sand, and the green sand cast- 
ing covered with rice hulls had shrinkage connected 
with the atmosphere through the surface. The green 
sand casting covered with sand had a shrinkage area 
close to the top surface. The dry sand casting ex- 
posed to the surroundings had shrinkage located near 
the center. The dimensions of these castings were 
measured and their profiles are shown on Fig. 12. 


V. Summary of Results 


The results of this work have shown that: 

1. Dilation could be restricted by mechanically re- 
straining the movement of the green sand mold wall. 

2. Dilation of the casting occurs rather rapidly, 
most of this movement occurring before the eutectic is 
reached, but continuing to a lesser degree through 
the eutectic hold. 

3. The volume of shrinkage occurring in a green 
sand casting is not necessarily a function of pouring 
temperature. 

4. Risers of the class of metal used in this work 
stopped feeding at a temperature slightly below that 
of the liquidus. 

5. Dimensionally, green and dry sand castings made 
from the same pattern fall into two separate group- 
ings—all dry sand castings being smaller than the 
green sand, and following patternmakers’ shrinkage 
rules more closely. 

6. The density of green and dry sand castings of 
the size used in this work does not differ in a man- 
ner which will form a pattern. 

7. Under certain unique combinations of mold 
material, metal composition, thermal gradients, etc., 












a casting will develop an interdendritic type shrink- 
age in one instance and be sound in another. 


VI. Conclusions 

We have shown that for the type iron used in this 
work, a considerable amount of dilation occurs before 
any substantial amount of metal has solidified; that 
dilation continues through the eutectic hold; that 
feeding of the riser stops while about 70 per cent of 
the metal is still liquid; and that cooling rates and/or 
gradients are influential in determining the type 
shrinkage, and the degree of soundness in the casting. 

From this, it is possible to hypothesize: 

1. That eutectic expansion accounts for some of 
the dilation observed. 

2. That the green sand mold is not a rigid con- 
tainer. 

3. That gray iron does not form a solid strong skin. 

4. That ordinary large risers form no useful purpose 
other than creating larger ferrostatic pressures (which 
can be harmful in that this can cause greater dilation 
in the casting) and feeding part of the dilation shrink- 
age. Large risers do influence temperature gradients, 
sometimes being more harmful in this respect than if 
no riser were used. 

5. Proper cooling conditions must be maintained 
to insure sound castings. What these conditions are, 
or should be, will be determined in the individual 
instance by the size, shape, and composition of the 
casting. It seems that a uniform cooling rate over 
the entire casting is most desirable; attempting to ob- 
tain directional solidification, and consequently pre- 
ferred feeding from risers, will not work because the 
risers will not feed below the liquidus temperature. 
Changes in section size will continue to create trouble 
until their effect on thermal gradients can be min- 
imized. 

In Summary 

This report is concerned only with an accounting 
of work to date. Naturally, some philosophy on the 
feeding of gray iron castings has developed as a re- 
sult of this work, but the foundation is still too un- 
tenable to present for public consumption. No at- 
tempt is made to do more than offer a concise inter- 
pretation of the results, sans elaborations. 


DISCUSSION 


Chairman: J. S. VANick, International Nickel Co., New York. 

Co-Chairman: T. E. EAGAN, Cooper-Bessemer Corp., Grove 
City, Pa. 

Recorder: J. H. Scuaum, Bureau of Standards, Washington, 
D.C. 

J. T. MacKenzie: Future work along this line by the authors 
should be done using oil sand cores. I noticed the casting walls 
“dished-in.” 

Recorpep ScHAUM: “Tucking-in” of casting walls might be 
due to development of a partial vacuum within the casting when 
solidification shrinkage takes place after the flow of feed metal 
has been shut off. The combination of atmospheric pressure 
acting on the outside of the solidified casting wall and a partial 
vacuum on the inside is often sufficiently great to move the rela- 
tively weak wall inward to relieve this pressure differential. 

T. W. Curry:* Did you run gas analyses in the experiments 
in which the metal was gassed prior to pouring spheres. 

Mr. TAYLOR: No gas analyses were run. 


1 Technical Director, American Cast Iron Pipe Co., Birmingham, Ala. 
2 Dir. of Mfr. Research, Lynchburg Foundry Co., Lynchburg, Va. 











VEINING TENDENCIES OF CORES 


A Progress Report by 
A.F.S. Sand Division Committee 8-J* 


Introduction 


The material presented in this Progress Report 
deals with factors that affect the presence of metal 
fins, not at the core parting, but on cored surfaces of 
castings. Metal fins of this nature are caused by metal 
flowing into a break on the core surface. A defect of 
this nature is termed veining. Since this Committee’s 
task is to study molding materials for iron castings 
at elevated temperatures, the study of veining is lim- 
ited to iron castings. All of the test castings were 
made at the University of Michigan in Ann Arbor, 
and all the tests on cores were made at the labora- 
tories of the Harry W. Dietert Co., Detroit. Meetings 
in the foundry were held on Dec. 6, 1950, Jan. 5, 1951, 
Jan. 31 and Feb 1| and 2, 1951, and Sept. 17, 18 and 
19, 1951. 


Properties of Cores Tested 


The composition of the various types of core mix- 
tures used in this study is tabulated in Table 1. 

The properties of cores, such as baked and hot 
properties, together with casting condition, are tabu- 
lated in Table 2. The test data describes very closely 
the condition of cores used in the foundry for test 
castings, since both the laboratory and foundry cores 
were baked at the same time in the University of 
Michigan foundry core oven. 


Test Procedure 


Core Sand Mixing Procedure 
1. Weigh all ingredients 
2. Mix sand in 18-in. laboratory muller—3 min 
dry, 4 min with water, and 4 min with oil. 
3. Clean mixer well between each type of core 
sand mixture. 
4. Run dummy batch before mixing sand con- 


* Membership of the A.F.S. Committee on Physical Properties 
of Iron Foundry Molding Materials at Elevated ‘Temperatures 
consists of the following: V. M. Rowell, Chairman, R. L. Doel- 
man, W. A. Spindler, R. W. Bennett, K. S. Brooker, J. E. Coon, 
H. W. Dietert, H. H. Fairfield, J. A. Gitzen, R. A. Green, John 
Grennan, H. J. Jameson, J. D. Johnson, Roy Korpi, Henri 
Louette, R. W. Mason, A. E. Murton, E. J. Passman, D. E. Shiels, 
E. W. Smith, Michael Warchol, R. E. Wilke, J. T. Zaynor, E. C. 
Zirzow, and FE. C. Zuppann. 





taining different types of binder from previous 
batch or when mixer has not been used for 30 
min. 

5. Place mixed sand in sealed container. 


Core Making 
6. Make ten A.F.S. transverse cores of each test 
batch of sand. Ram with four drops of weight. 
Make following test cores: 
2—A.F.S. 2 x 2-in. specimens 
6—A.F.S. tensile specimens 
20—11%4 by 2-in. specimens 
3—Hot gas pressure specimens. 


~ 


Core Baking 

8. Place cores in oven at 425 F, automatically con- 
trolled and frequently checked with a thermo- 
couple placed close to the cores and connected 
to a reliable potentiometer. 

9. Bake long enough to develop optimum hard- 
ness. 

10. Store cores in sealed containers. 


Molding 

11. Following molding procedure as specified for 
the Committee’s Scabbing Research Project. 

12. Set four test cores in each mold. 

13. Make sufficient molds so that two cores are 
used from each type of core mixture. Pre- 
ferred method: four different types of cores 
in one mold. 


Metal 
14. University of Michigan scrap. Add sufficient 
phosphorus to obtain 0.50 to 0.60 pe: cent P 
in melt. 
15. Melt in electric furnace. 
16. Pour from hand ladle at 2650 F. 
Shakeout 
17. Shakeout castings 2 hr after pouring. 
Cleaning 
18. Sand blast castings. 
Core Testing 
19. Baked hardness 
Baked permeability 
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Tensile strength 
Transverse strength 

Transverse deflection 

Gas pressure 

Core collapsibility, 5-psi load at 2000 F 
Core expansion 

Screen analysis of base sands. 


Pattern 

The test pattern selected for this investigation is a 
5-in. cube containing four core prints in the drag to 
receive test cores cach | in. square. The test cores 
projected into the metal a distance of | in. The test 
casting is shown in Fig. I. 

All laboratory tests were made in accordance with 
\.F.S. test procedures where available. The test pro- 
cedure used for hot properties deserves explanation. 
The dilatometer in this test is rigged as for the hot 
compressive strength test. A 5-psi load is applied to 
the specimen, and as the specimen expands the move- 
ment of the lower table is read from the deformation 
dial indicator. This movement is divided by two to 
express growth of specimen in in./in. of length. This 
is often termed “unaccommodated expansion.” The 
Committee suggests that this test be termed “expan- 
sion under 5-psi load.” In this test the time that the 
test core would support the 5-psi load was also re- 
corded. 


Order of Tests 
The tests were arranged so as to change one item 
at a time as far as possible. The test castings were 
made in the following order: 


Test A: Veining tendency vs. degree of ramming. 

Test B: Veining tendency vs. degree of baking. 

Test C: Veining tendency vs. metal pouring temper- 
ature. 

Test D: Veining tendency vs. grain size of sand. 

Test E: Veining tendency vs. moisture content of 


the core mix. 
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Fig. 1—Test casting used for veining study. 
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Fig. 2—Veining tendency increases with increasing green 
hardness. 


Test F: Veining tendency vs additives. 
(The preceding tests were all made with 
silica sands.) 
Test G: Veining tendency vs. change in base sand. 
Test H: Veining tendency vs. percentage of oil. 
Test I: Veining tendency vs. percentage of cereal 
binder. 
Test J: Veining tendency vs. additives. 
Test K: Veining tendency vs. bentonite additions. 
Test L: Veining tendency vs. varying blends of base 


sands. 
Test M: Veining tendency vs. type of cereal binder. 


Test N: Veining tendency vs. type of core oil. 

Test O: Veining tendency vs. synthetic resins and 
other binders. 

Test P: Veining tendency vs. grain size of silica sand 
with less binder than in Test D. 

Test Q: Vecining tendency vs. percentage of oil, with 
less cereal than in Test H. 

Test R: Veining tendency vs. moisture content of 


core mix, with different base sand than 
in Test E. 


Veining vs. Green Hardness: The hardness to which 
a core is rammed will influence’ the veining tenden- 
cies of a core. The relationship between green hard- 
ness of the core and degree of veining is shown in 
Figs. 2 and 3. 

No veins were present on castings made with cores 
rammed to a 44.5 green hardness. As the green hard- 
ness was increased from 48 to 56, the degree of vein- 
ing was increased (Fig. 2). A marked increase in the 
expansion under 5-psi load and a slight increase in 
collapsing time is secured with an increase in green 
hardness (Fig. 3). It is not recommended that cores 
be rammed to a low green hardness because this will 
cause weak cores and invite metal penetration. Ram 
hard, keeping in mind that with hard rammed cores 
other means for eliminating veining must be pro- 
vided. 

Square vs. Round Test Specimens: Early in the test 
work it developed that a | in. square specimen was 
superior to a 114 in. round test specimen for study- 
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Fig. 3—Degree of veining increases with an increase of 
expansion under 5-psi load when collapsing time is sub- 
stantially the same. 
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Fig. 4—Square specimens show veining tendency more 
than round specimens. 


ing veining tendencies. A graphical illustration of 
the sensitivity of the square vs. round test specimen 
is shown in Fig..4. Comparison is made between 
cores rammed to 44.5 and 56 green hardness. The 
difference in height of graphs between the expansion 
under 5-psi load for the 44.5 and 56 green hardness 
is greater in the case of the square test specimen than 
for the round test specimen. The square test speci- 
men was thus used for all expansion under 5 psi load- 
collapsing time tests. 

Veining vs. Metal Temperature: Since metal temper- 
ature at time of pouring the mold is an influencing 
factor in casting quality, it is of interest to know 
how the metal temperatures will influence veining. 
The relationship is shown in Fig. 5. With a 2400 F 
metal temperature no veins were present on the test 
castings. At 2600 F slight veining tendencies were 
present, and at 2700 and 2750 F severe veining was 
experienced. On the basis of this test 2650 F was 
selected for the pouring temperature of the remain- 
ing castings. 

Veining vs. Baking Time: The degree of core bak- 


VEINING TENDENCIES OF CORES 


ing in this study was altered by varying the length of 
baking time so that the cores were obtained of the 
following order of bake: green, under-baked, opti- 
mum-baked and over-baked. The influence of the 
degree of bake on veining is illustrated in Fig. 6. The 
green cores produced no veins on any of the test 
castings. The under-baked cores produced moderate 
veining, while the optimum- and over-baked cores 
produced severe veining defects. Thus a well-baked 
core will produce veining tendencies, while under- 
baking will not produce veining tendencies. 
coreroom practice, such as hard ramming and good 
baking, is conducive to veining, and corrective means 
must be provided to avoid veining. 

Veining vs. Moisture: An increase in moisture con- 
tent increased the veining tendency of a core con- 
taining 1.43 per cent linseed oil and 1.93 per ‘cent 
cereal binder in fine silica sand. A moisture content 
of 2.9 per cent produced only moderate veining, 
while both 3.9 and 4.8 per cent moisture produced 
severe veining. The curves in Fig. 7 show how ex- 
pansion under 5-psi load and collapsing time were 
affected by a change in moisture in this sand. 

When a mixture of % lake sand and 44 bank sand 
was bonded with 1 per cent cereal binder and | per 
cent linseed oil and tested there was no veining 
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Fig. 5—Increasing pouring temperature increases severity 
of veining. 
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Fig. 6—Longer baking time increases veining by increasing 
unaccommodated expansion. 
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Fig. 7—Increase in moisture content increases unaccom- 
modated expansion under 5-psi load, and also increases 
veining without materially changing collapsing time. 


throughout a moisture range of 1, 2, 4 and 6 per cent. 

Veining vs. Grain Size: The grain size of silica core 
sands studied ranged from 129.5 to 36.1 A.F.S. Fine- 
ness Number. These washed and dried sands were 
bonded with 1.47 per cent linseed oil and 1.93 per 
cent cereal binder. All of these cores showed severe 
veining tendencies. When | per cent oil and 1 per 
cent cereal was tried the severe veining persisted. 

Veining vs. Base Sands: Cores No. 1, 11, 12 and 13 
were used to study the effect of changing the base 
sands on veining. The composition of these cores is 
shown in Table 1. A graphical presentation of the 
expansion under a 5-psi load and collapsing time of 
cores is shown in Fig. 8. The No. 1, Test G cores, 
composed of washed and dried silica sand, showed 
severe veining tendencies. The cores No. 11, Test G, 
with Michigan lake sand as the base sand, showed 
slight to moderate veining. This sand contains a 
trace of clay substance and fluxes which prove bene- 
ficial in retarding veining. The cores No. 12, Test G, 
have a base of 24 Michigan lake sand and 14 Michi- 
gan bank sand. The latter contains clay substance on 
the order of 0.5 per cent. This base sand produces 
cores resulting in slight to moderate veining. 

The No. 13, Test G cores, in which a washed and 
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dried silica sand was mixed with an equal part of 
heap sand and bonded with pitch, produced only a 
trace of veining. It should be recognized that the test 
casting constitutes a severe veining test. 

Veining vs. Additives: Additives were added to the 
No. 1 core mix which veined severely. This core mix 
is composed of 96.6 per cent 129.5-mesh washed and 
dried silica sand bonded with 1.47 per cent linseed 
oil and 1.93 per cent cereal binder. When 2 per cent 
of a cellulose flour type product was added, the cores 
produced moderately severe veining (Fig. 9). An ad- 
dition of 0.75 per cent western bentonite resulted in 
cored surfaces showing severe veining. The same is 
true when 9.8 per cent silica flour is added. How- 
ever, when 2 per cent iron oxide was added no vein- 
ing occurred (No. 7, Test F cores). 

Veining vs. Percentage of Oil: The next several tests 
were made using %4 lake sand and % bank sand. In 
this test no cereal was used and moisture was held 
constant at 2 per cent. Linseed oil (0.5, 1 and 1.5 
per cent) produced no veining. When the oil con- 
tent of the mix was raised to 2 per cent, moderately 
severe veining resulted. This test was repeated with 
1 per cent cereal added to the mixtures. Again no 
veining was encountered with less than 2 per cent 
oil. When 2 per cent oil was used, severe veining was 
encountered. 


Fig. 8—The unaccommodated expansion of a group of 
cores containing different base sands. 
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TABLE 3—SCREEN ANALYSIS OF BASE SANDS 





Retained on Screen, % 








Screen Muskegon Juanita Juanita 100 Mesh 80Mesh = 60Mesh =—- 385 Mesh 
No. Lake Sand Bank Sand Bank Sand Wedron Ottawa Ottawa Ottawa 
No. 1 No. 2 W.&D. W. & D. W.& D. W.&D. 
6 
12 
20 
30 0.1 0.1 0.3 
40 5.4 0.4 0.1 0.2 0.1 49.5 
50 57.9 2.2 0.3 Ly 0.2 34.4 
70 40.2 10.6 2.6 0.2 29.3 36.4 9.7 
100 5.8 39.4 41.4 9.4 40.2 58.2 $.2 
140 0.5 30.6 32.6 48.2 19.6 4.8 0.5 
200 0.2 14.0 16.6 26.0 7.0 0.1 
270 0.1 2.6 44 10.2 1.6 0.1 
Pan 0.2 0.1. 2.0 5.9 0.3 
A.F.S. No. 49.46 89.58 96.9 129.5 77.05 64.21 36.1 
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Veining vs. Percentage of Cereal Binder: In this 
series the oil was held constant at 0.75 per cent, the 
cereal was 0.5, 1, 1.5 and 2 per cent with moisture 
adjusted for proper workability. No veining was en- 
countered with any of these cores. 

Veining vs. Additives: This series of tests was made 
with the 34 lake and 4% bank base sand which seemed 
to be a characteristically non-veining sand. It was 
bonded with | per cent cereal binder and 2 per cent 
linseed oil which, in Test 18-H, promoted moderately 
severe veining. An addition of 2 per cent iron oxide 
eliminated all veining. An addition of 1 per cent 
perlite reduced the veining to slight. Two per cent of 
a formulated binder containing high- and low-temp- 
erature ingredients added to this sand eliminated all 
veining. An addition of 2 per cent wood flour re- 
duced the veining to a trace. 

Veinirz vs. Bentonite Additions: The same base sand 
was used in this test. No cereal was used, and the 
moisture was held to 2 per cent. The percentage of 
oil was adjusted to compensate for the absorbtive ef- 
fect of the bentonite. With 1.5 per cent oil and no 
bentonite a trace of veining was observed. This trace 
of veining was unchanged by 0.5 per cent western 
bentonite with 2 per cent oil, and 1 per cent western 
bentonite with 2.5 per cent oil. When 0.5 southern 
bentonite and 2 per cent oil was used the veining 
became slight to moderate. It is interesting to note 
that the mix with 0.5 per cent southern bentonite 
and 2 per cent oil produced 129 psi tensile strength 
against 77 psi tensile strength from 0.5 per cent west- 
ern bentonite with 2 per cent oil. 

Veining vs. Varying Blends of Lake and Bank Sands: 
One per cent cereal and | per cent oil was used to 
bond the sands in this series. The all lake sand cores 
produced a trace of veining. Seventy-five per cent 
lake sand, 25 per cent bank sand, 50 per cent of each, 
and 25 per cent lake sand—75 per cent bank sand pro- 
duced castings with no veins. The natural impurities 
in these sands appear to reduce veining tendencies. 

Veining vs. Type of Cereal Binder: Two parts of lake 
sand and one part of bank sand with 0.75 per cent of 
oil were combined with 2 per cent each of heavwv- 
weight corn flour, lightweight corn flour, dextrin, and 
a lignin liquor (powder form). None of these mixes 
showed any veining tendencies. 

Veining vs. Type of Core Oil: In this series lake 
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Fig. 9—Core expansion under 5-psi load may be high and 
still not cause veins providing collapsing time is high. 
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Fig. 10—Relationship between baked tensile and trans- 
verse strengths. 


sand-bank sand blend was mixed with 0.5 per cent 
cereal, 2 per cent moisture, and | per cent each of 
A.F.S. reference linseed oil, an amber colored core oil 
with 156 saponification number, a dark colored pet- 
roleum polymer core oil with 84 saponification num- 
ber, and a fast baking core oil. No veining tendencies 
appear in this group. 

Veining vs. Synthetic Resins and Other Binders: The 
same base sand and 0.5 per cent cereal was used in 
this series. With | per cent liquid urea-formaldehyde 
resin or | per cent liquid phenolic resin no veining 
appeared. The mix bonded with 2.5 per cent oilless 
binder produced moderate veining. A mix bonded 
with 2 per cent resin binder produced slight veining. 

Bzked Tensile and Transverse Strength Relationship 

The question frequently arises as to the relation- 
ship between baked tensile and transverse strength of 
cores. ‘The Committee tested all cores, numbering to 
58 different mixes, for both A.F.S. tensile and trans- 
verse strengths. 

Plotting the test data so secured produces a straight- 
line relationship graph (Fig. 10) between tensile 
and transverse strengths. No particular advantage was 
indicated by either test with reference to which pro- 
vides the better measure for strength of cores. The 
cores in both methods of testing fail in tensile stress. 
The top section of the transverse core is in compres- 
sive stress while the lower section is in tensile stress. 
Since the tensile strength of a core is lower than the 
compressive strength, the core in transverse fails in 
tensile first. 


Summary 


The Commitiee has established that the veining 
defect can be produced or eliminated by selection of 
base sands, binders, metal pouring temperature, de 
gree of ramming, degree of baking and the percent- 
age of binders and, in some cases, moisture. The 
early work seemed to indicate that a good correlation 
between expansion and collapse time of the cores and 
veining could be expected. However, too many ex- 
ceptions were found. As yet no test or combination 
of tests that will enable a foundryman to predict the 
veining tendencies of cores with certainty has been 
discovered. The Committee will continue to explore 
elevated temperature testing particularly, with con- 
fidence that the answer to this elusive problem will 
be found. 














PRODUCTION OF HEAVY GEAR WHEELS 


IN SPHEROIDAL GRAPHITE CAST IRON 


By 


Dr. Corrado Galletto* 


Introduction 


This paper depicts a characteristic Italian appli- 
cation of magnesium-containing spheroidal graphite 
cast iron in the manufacture of heavy gears with cast 
teeth. The use of heavy gears weighing from 2 to 5 
tons is a well established practice in Italy and it is 
hoped that the illustration of a method used by an 
Italian foundry will interest many foundry technicians 
and engineers. 

This new material which we call spheroidal graph- 
ite iron or in short S.G. iron, and which has been 
referred to by others as nodular or ductile iron is 
well known, so are its properties which make it dif 
ferent from the other types of cast iron. Therefore 
it is not thought necessary to refer in detail in this 
paper to such points as shape of graphite, structure 
of matrix, production method, types of magnesium 
addition alloys, response to thermal treatment and 
engineering properties in the as-cast and heat-treated 
conditions. 


Organization of the Foundry 


G. Tagliabue & Co., of Milan, Italy, operates a 
jobbing foundry of medium capacity with a high in- 
dustrial status. In addition of producing a wide range 
of castings for use by themselves and by others, they 
have specialized in the manufacture of crown gear 
wheels and of gears of all types and forms ranging 
in diameter from few inches to 20 ft, and in weight 
from few pounds to 15 tons. 

In the molding shop there are special installations 
for the production of gear wheels. 

Melting equipment comprises four cupolas from 
36 to 30 in. in diameters, a graphite-lined electric 
arc furnace of 3 tons capacity, and two electric resistor 
units of about 700 Ib each. 

There is a well equipped machine shop for finish- 
ing of general castings and gears in particular. 

The works has a chemical and physical laboratory 
equipped for the control of molding sand, for chemi- 
cal and microscopical examination and for mechanical 
and physical testing. 


*Centro d'Informazioni dei Nickel, Milano, Italy. 
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Production of S.G. Iron 


At the time of the first announcement with regard 
to $.G. iron, Messrs. Tagliabue, having foreseen that 
the properties of this material would open a wide 
range of applications in their own specialized field, 
were among the first Italian foundries to apply for 
license to manufacture. 

The first tests were carried out in May 1950. The 
results which were satisfactory from the beginning, 
strengthened the opinion of Tagliabue regarding the 
suitability of S.G. iron for their products and stimu- 
lated production on an industrial scale. 

At present the metal poured into small castings is 
melted in the resistor furnaces, while that for heavy 
castings is taken from the cupola or the electric arc 
furnace. Occasionally, when it is desired to increase 
the speed of treatment, use is made of cupola and 
arc furnace metal together. 

The pig iron from Cogne, used as the basis of the 
charges, has the following composition: 

Cc Si 


$.50-4.25 1.50-2 
3.70-4.20  2.20-2.7 


Mn 
0.65 max. 
0.30 max. 


S+P S P 
0.10 max. 


0.06 max. 0.07 max. 


These charges also include selected mild steel scrap 
varying in proportion according to the required com- 
position of molten iron and the method of melting 
employed, 

Generally foundry returns from previous melts are 
not used because their nickel contents are preferably 
reclaimed by their inclusion in charges from which 
alloy cast irons of flake-graphite types are produced. 

The composition of the liquid iron from the elec- 
tric furnaces prior to treatment is normally: 

Cc Si 


3.50 2.25 


Mn 
0.30 


S 

0.05 

and the tapping temperature is in the range 2550 to 
2650 F. 

Magnesium alloy, in the form of large lumps, is 
added in the required proportion. The magnesium- 
treated iron is then inoculated by adding granulated 
Fe75Si and the properties exhibited by the as-cast 
iron are normally in the range: 












Fig. 1 (Above )—Large scale divider for molding of teeth. 
Fig. 2—A close-up view of Fig. 1 showing in detail the 


T.S. = 92,000 to 100,000 psi 


% Elong. = 3 to 5 per cent 


Brinell = 220 to 230 measured 0.2 in. below the metal surface 
as determined in test pieces cut from l-in. thick keel blocks. 


The composition of the cupola metal is: 


Cc Si Mn S 
3.70-3.80 1.65 0.40 0.07 


and its temperature is in the range 2520-2550 F. After 
the magnesium treatment and inoculation, the prop- 
erties obtained on the 1-in. thick keel block are: 


T.S. = 100,000 to 107,000 psi. 


% Elong. = 4 to 5 per cent on 2 in. 


Brinell = 240 to 250 measured 0.2 in. below the metal surface. 
The composition of the molten iron is adjusted in 
accordance with the properties desired in the finished 
castings and depending on the preference for highest 
tensile strength, or maximum elongation, or greatest 
hardness for resistance to wear. 

The machinability is always good and in the as- 
cast condition $.G. iron can be machined as readily 
as high-strength, flake-graphite iron despite its higher 
hardness. 

The fluidity of S.G. iron is equal to and even better 
than that of high-duty, flake graphite cast iron, and 
for the casting of heavy pieces no more precautions 
are necessary than those commonly taken for high- 
strength irons. 

Practical experience has shown that, contrary to 
original expectations, contraction across the diameter, 
which isa point of great importance in castings of 
circular shape, does not greatly differ from that norm- 
ally encountered in similar castings poured in high- 
strength, flake-graphite irons. 


Method of Molding Gear Wheels 


The method followed in the preparation of gears 
with cast teeth is characterized by the fact that full 
patterns are not employed. Use is made of the equip- 
ment and procedure now to be described. 





SPHEROIDAL GRAPHITE CAsT IRow 


pattern holder; a second metal tooth pattern can be seen 
on the sand mold. 


The main outlines of the wheel are first strickled 
from a central spindle. Subsequently, the teeth are 
individually molded in position, by use of a highly 
finished metal pattern held against the face of the 
swept mold. The shape and dimensions of the tooth 
pattern and the circumferential distance between the 





Fig. 3—A bevel gear made in S.G. iron—diameter 12 ft, 
weight 3500 Ib. 
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eth centers are varied according to the design of 
the gear. A circular table on which the mold is po- 
itioned and which is rotatable forms part of each 
machine. Its movement is controlled by a system of 
vears Which are contained in the attached mechanism. 
(his also provides a head which is capable of move- 
iment outward and inward, and up and down. The 
complete machine is shown in Fig. 1. 

The equipment can be regarded as a large scale 
set of dividers in which, by suitable adjustment of 
the actuating train of gears the movement of the 
table effected between the ramming of each individual 
tooth is exactly that required to provide the specified 
number of equally-spaced teeth on the wheel. Much 
care is taken to ensure absence of “play” in the trans- 
mission and in the table bearings, so that movement 
is precisely controlled. The tables used for molding 
of smaller gears are manually operated but the larger 
ones are electrically driven because the heavier weights 
and greater diameters involved would make manual 
operation laborious and would affect the accuracy of 
the procedure. 

The arrangement for positioning of the tooth pat- 
tern will be clear from Fig. 1. The hand-operated 
gear which provides outward and inward movement 
of the main arm can be seen at the top right-hand 
side of the photograph and it will be noted that the 
combined use of a long sleeve and opposed splines 
prevents movement of the head in any direction other 
than that described. 

The second hand-operated gear, which raises and 
lowers the vertical arm is clearly seen above the head 
of the operator and in this instance also, use of 
sleeve and double spline effectively prevents any move- 
ment other than up and down. 

Movement of the pattern holder is effected by a 
third hand-operated gear which is shown in greater 
detail in Fig. 2. This fixture effects movement of the 
pattern holder and pattern outward from the mold 
face and it is therefore normally unnecessary to use 
the other movements during the ramming of the 
wheel and after the initial positions of the horizontal 
and vertical arms have been established. In those 
instances in which there is insufficient space behind 


t 





Fig. 4—Equipment for molding of teeth in large gear 
wheels which are pit molded. Note the front hand wheel 
which moves the mechanism controlling angular move- 
ments. 












Fig. 5—Crown wheel after stripping with the two down- 
sprues, and the continuous runner with the ingates and 
feeder heads. 


the pattern to permit withdrawal in this manner, the 
operator, by use of the second gear earlier described 
and which is easily within his reach, can free the 
pattern from the mold by upward movement, and so 
clear the table ready for rotation to the next position. 
At this point it should be noted that the tooth pat- 
tern is always deep. This makes it possible to use 
the same pattern for a considerable range of wheel 
depths. 

When the swept face of the mold is ready the op- 
erator fixes to the holder the pattern which cor- 
responds to the type of teeth required and by means 
of the counter-poised crank handle he moves the 
pattern away from the face of the mold. 

Then by movement of the large horizontal arm, 
he positions the pattern almost in contact with the 
swept face approximately in the working position. 
He then secures the large arm in the position thus 
reached. 

The operator is provided with a data card from 
which he can readily determine the assembly of gears 
and the number of precise revolutions of the main 
gear required to move the table exactly the amount 
which corresponds with the pitch of the teeth. Then 
the gears are assembled and the machine is ready 
for molding of the teeth. 

By operating the counterbalanced crank, the molder 
then places the pattern in slight contact with the 
vertical face of the swept mold, locks it in this po- 
sition and, by movement of the vertical arm, he then 
lowers the pattern until it reaches the bottom of the 
swept cavity. Thereafter into the cavity which exists 
between the tooth pattern and the wall of the mold, 
he introduces a suitable sand mixture which he then 
rams by hand until the cavity is filled to its upper 
face. 








iL Vai 


i 


ee j 


na wy 
ek eee 
a re 


— 


Fig. 6—Heavy crown gear wheel, weighing 9900 Ib, with 
pinion. 


To ensure a smooth surface and perfect contour, 
the sand used normally consists of about equal pro- 
portions of graphite and a strong molding sand. 
Where the teeth are sufficiently heavy to require re- 
inforcement, supporting irons are rammed in position. 

When ramming of the first tooth is completed, the 
molder unlocks the pattern holder and then raps the 
pattern slightly before withdrawing it from the mold 
face by use of the crank. If there is insufficient space 
for the pattern to be disengaged completely from 
the mold by horizontal movement in this way, the 
vertical arm is raised in order to clear the mold. The 
table is then rotated the prescribed amount and mold- 
ing of the second tooth proceeds by the same sequence 
of operations. This procedure is repeated until all 
the teeth are molded in positions as precisely set as 
in a machined gear. 

Bearing in mind the fact that the teeth are per- 
fectly molded and completely ready to be cast, the 
method described does not occupy more time than 
molding from a full pattern. In the latter case the 
teeth contours are seldom perfect and repair of the 
mold is almost necessary. 

In the case of bevel gears such as that shown in 
Fig. 3, the molding process remains the same with 
the sole difference that the teeth are molded on the 
conical face corresponding to the outer part of the 
gear instead of being applied vertically on the cylin- 
drically swept mold as in the case of normal gears. 
Even heavy helicoidal driving gears are made in 
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the same way by using special tooth patterns whic‘; 
do not vary only according to the modules but al; ) 
according to the transmission ratio, 

Gear wheels up to 12 ft in diameter are molded |, 
the manner which has been described and for th.s 
purpose six machines of various sizes are employe: 
The molding boxes used for gear wheels so produce:! 
should be circular and should also be of strong an«! 
rigid design in order to resist deformation. 

Larger gears are pit molded in the manner illu 
trated in Fig. 4. It will be seen that in this pro 
cedure, the mold cannot be moved and _ therefore 
an equipment for suspension of the tooth pattern, 
mounted on the central spindle, is caused to move 
around inside the swept mold. The mechanism for 
controlling angular movements between the ramming 
positions remains the same. 


Gating and Feeding 


Spoked wheels, such as that shown in Fig. 3, are 
gated directly into the spokes. Spokeless wheels are 
gated in the manner shown in Fig. 5, that is, by use 
of two downsprues and a long continuous runner 
supplying many well distributed ingates. 





Fig. 7—Spoke and spokeless bevel gears, crown wheels 
and pinions of various sizes. 





Fig. 8—Other types of crown gear wheels with internal or 
external teeth. 
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Spoked wheels are fed from heads positioned above 
the hub and at intervals around the crowns. Spoke- 
less wheels are provided with feeder heads positioned 
ibove the heavy sections which serve as the points 
of attachment to the driven body. 

The metal in all feeder heads is covered by an 
exothermic compound to maintain temperature dur- 
ing solidification of the casting. 


Practical Results 


The castings which are put into service without 
heat-treatment normally exhibit following mechanical 
properties: 

Ultimate tensile strength: 92,000 to 100,000 psi 

Elongation: 3 to 5 per cent 

Hardness tested on the teeth is 270-290 Brinell. 

Impact tests conducted on notched and unnotched 
specimens of the Charpy type have given the follow- 
ing values: 

Test picce 10 x 10 x 55mm unnotched: 1.5 to 3.0 Kgm/cm* 

Test piece 10 x 10 x 55mm notched: 0.5 to 0.7 Kgm/cm? 

These excellent properties, especially the high 
hardness of the surfaces which are subject to wear 
and the good resistance to impact, allied with the 





Fig. 9—Side frames of rivet press weighing 3000 and 
6000 Ib. 





Fig. 10—Parts of rivet press made in S.G. iron. Total 
weight of S.G. iron in presses: 3500-7250 Ib. 









Fig. 12—Flexible joint 


good surface obtained on the cast teeth which are 
produced with high precision to theoretically perfect 
profile, make it possible to replace, with advantage, 
cast steel gears with niachined teeth and which are 
more laborious and more expensive to produce. 

Figures 6, 7 and 8 show various types of gear wheels 
which are in regular production in S.G. iron in the 
foundry of G. Tagliabue. In equipment for manu- 
facture of cement, such as rotating kilns and grinding 
mills, for mixing of rubber, for milling of ceramics 
and other materials, in hoisting mechanisms, and in 
many other driven constructions these gears are find- 
ing ever-increasing applications. 

Comparative service data are not yet fully available 
since the first installations of S.G. iron gears were 
made only about a year ago. Nevertheless, the indi- 
cations from the early observations, especially the 
checks on resistance to wear in the important initial 
stages of adiustment of the teeth with one another 
show that there is likely to be a big field of appli- 
cations for this new iron in such gears with con- 
siderable saving in weight and with service life at 
least doubled. 


Other Tagliabue Products in S.G. Iron 


As stated initially, the production of this foundry 
is not confined to gear wheels and many types oi 
castings are made, some in large numbers. The illus- 
trations which follow depict some of the more im- 
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portant applications which have already been proved 
in service and for which repeat orders have been 
placed. 

One such application is shown in Figs. 9 and 10. 
These illustrate, respectively, the side frames, sup- 
ports and various components of rivet presses, all 
made in S.G. iron. The side frames shown weigh 
approximately 3,000 and 6,000 Ib and the total weight 
of S.G. iron in the presses ranges from 3,500 to 7,250 
Ib. 

A casting of relatively small size, but which is being 
made in hundreds, is the bogie wheel shown in Fig. 
11. These wheels are fitted to skips which are used 
for conveyance of material in mines and on civil 
engineering projects of many types. 

The flexible joint in Fig. 12 uses S.G. iron for the 
male and the female sections, The inserts of hard 
rubber which engage with the driving ‘dogs’ are 
clearly seen in the driven section of the coupling. 
Such joints, which are a Tagliabue design, are used 
for heavy duties of many types in cement mills, paper 
making equipment, rubber manufacturing plants, etc. 

Other items include bodies for submersible pumps, 
impellers; chain wheels, etc. Of particular interest 
are the end rings for collecting the current in electro- 
magnetic joints and reversers employed for example 
in planers and other machines which require re- 
versible motion. 
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MEMBER: Were the castings you mentioned stress relieved 

Mr. GALLETTO: No, the castings were in the as-cast cond 
tion. 

Memser: How long have the gears you illustrated been in 
operation? 

Mr. GALLETTO: The first gears have been cast late in 195) 
and have started actual service in March 1951. Service data ai: 
not yet available as such gears are supposed to last from 5 to 8 
years. It has been observed, however, during the period of 
setting of the teeth, that their wear resistance is better than 
that possessed by prior materials, consequently final resulis 
should be far better. 

MEMBER: Do you use feeding risers on the large gears? 
Mr. GALLETTO: Yes, see Fig. 5; the spokeless wheels are pr 
vided with a feeder which is located on the heavy sections 
which serve as attachment to the driving body. Spoked whee!s 
are fed by heads positioned above the hub at intervals around 
the crown wheel. In all feeder heads molten metal is covered 

with an exothermic material. 

MemMBeER: What sand mixtures were these gears cast in? What 
is the green strength of these sand mixtures? 

Mr. GALLETTO: Small gears are cast in green sand while 
gears up to 10 ft in diam are molded in flasks and furnace 
dried. Gears of large diameter, which are pit molded, are dried 
on the spot by means of hot air. 

For sweep molding, use is made of a strong sand called “Re- 
francore” having a P.C.E. cone of 2.5 mm in the refractory 
test at 2570 F and melting point of approximately 2570 F. 

For mold facing the new sand is mixed to 60 per cent of used 
sand. Binders are not used because this sand contains about 
17 per cent clay substances. 

In molding of small teeth a mixture of 50 per cent graphite 
plus 50 per cent “French sand” is used. This sand (finely 
ground sand suitable also for bronze castings) contains 20 to 24 
per cent clay substances; moisture content is 3 to 4 per cent. 

In molding large teeth we use 50 per cent graphite mixed 
with 50 per cent weak sand of Bassano which contains 3 to 5 
per cent of clay substances; it softens at P.C.E. cone of 1 mm in 
a refractory test at 2372 F and has a melting point at 2912 F. 
4 to 5 per cent bentonite is added; moisture content is 3 to 4 
per cent. All sand mixtures for molding of teeth should be 
thoroughly mulled and mixed. This is of great importance. 

MEMBER: What is the tensile strength and elongation of 
the iron? 

Mr. GALLETTO: The tensile strength of the iron is 90,000 to 
100,000 psi. The elongation in 2 in. is 3 to 5 per cent. These 
values are determined on test bars from the keel block. Hard- 
ness tested on teeth is 270-290 Brinell. 
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Henry Lepp,* Florent Monneret,** and Paul Ramet 


ABSTRACT 


Starting with the theory of refining and degasification of 
metals through the method of selective oxidation, the authors 
proceed with description of application of this process. 

After description of the reverberatory furnace they show 
how the brass castings of high mechanical characteristics can be 
made from reconditioned scrap metal without the use of ingots. 

The paper is divided into three parts: 

. Resumé of the method of selective oxidation. 
2. Description of a furnace allowing the application 
of the procedure on industrial scale. 
3. Description of one melt or heat: 
a. Performance of furnace. 
b. Control of metal before pouring. 
c. Results obtained. 


A few years ago there was a common belief among 
foundrymen that most problems they encountered in 
production of sound castings were due to oxidation 
of metal. ‘Today this opinion does not hold true. 
Numerous research works have established that oxida- 
tion of metals was less dangerous than the contamina- 
tion by reducing gases, hydrogen particularly. Several 
procedures of gas elimination have been advocated, 
such as melting in vacuum, pre-solidification, and 
passing of “neutral” gases through the bath of metal, 
etc. 

In spite of usage of the above-mentioned methods, 
the problem of metal degasification was not entirely 
solved. Some of those procedures provided degasifi- 
cation only in part, the others required special and 
expensive equipment. 

To overcome those inconveniences a_ special 
method has been developed and applied over a period 
of 25 years with satisfactory results. This metallur- 
gical process is based on the principle of selective 
oxidation of impurities which may be metals or 
metalloids. 

The authors have previously published the funda- 
mentals of this method of “selective oxidation” of un- 
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desirable impurities.2* To clarify their statement the 
authors will briefly describe it. 

The essential requirement for effective operation 
of selective oxidation of an undesirable impurity is 
that the resultant oxide has a higher heat of forma- 
tion than the oxide of the metal itself (or metals 
composing an alloy) . 

More precisely it is necessary that the variation of 
free energy (MF) in action during the process of oxi- 
dation of impurity takes place in temperature which 
is higher than that of the formation of oxide of the 
metal or alloy to be refined. 

The type of oxidizer should be selected depending 
upon the type of metal to be treated and impurity to 
be eliminated. 

It is therefore essential that the atomic oxygen of 
the oxidizing agent if free and available at the tem- 
perature proper for its combination with the impurity 
without coming in contact with the basic metal. The 
following chemical reaction should proceed from 
right to left. 


R + (O) <&—— RO + Q cal 


Where RO = Oxidizing agent 


R = Chemical element (metal metalloid 
or their compound). 
(O) = Oxygen available at the tempera- 
ture required for reaction with the 
impurity. 


Q = Heat of formation of RO 

There are many types of oxidizers which can be 
used for treatment of metal on a large industrial 
scale. It has to be mentioned, however, that the sim- 
plest, namely, the oxygen from atmosphere, unfortu- 
nately cannot be used. Such a process would require 
the dissociation of the (O.) = 2 (O) which would be 
difficult to control and stop at the required moment. 
In other words the oxidation method using the oxy- 
gen from the air could not be “selective” with regard 
to the respective impurity. 

Following are the oxides listed in the sequence of 
their efficiency: 

Cr,03, Fe2.O3, MnO., CuO, ZnO peroxides BaOz, 
etc., manganates, chromates, etc., finally nitrates, chlo- 
rates, perchlorates, etc. 
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For the illustration of the principle, let us take the 
following two examples: 

1. Addition of the oxides of copper to the copper 
bath, 

It is evident that CuO or Cu,O cannot oxidize the 
copper. They can be dissolved in the fluid copper or 
oxidize the lower grade chemical elements which 
could be found in the bath, for example: Zn — 
ZnO, P —> P.O;, Fe — FeO, etc. 

2. Addition of ZnO to the copper bath. 

This addition cannot be active against either cop- 
per or zinc. However, it is able to oxidize other metals 
or elements having the heat of oxide formation (or 
AF—variation of free energy) higher than of ZnO. 

The addition of these oxidizing agents can be mea- 
sured and consequently the process of oxidation of 
impurities can be controlled and limited if desired. 
Beside that, this procedure is selective regarding the 
choice of oxidizing agents. : 

The products of oxidation, the oxides, are prac- 
tically not soluble in the liquid bath. When they 
appear in the form of gases, they escape easily into 
the atmosphere. In the liquid form they come up to 
the surface of the bath. As solids they have the ten- 
dency to remain in suspension. 

A fluid slag should be created to assist the reaction 
of metal refinement by absorption of oxides to be 
eliminated which are the chemical compounds of 
third degree, such as silicates, manganates, borates, 
aluminates, etc. In most cases these compounds are 
stable and hard to reduce. 

A practically complete degasification can _ be 
achieved by proper selection of oxidizers and compo- 
sition of slag, capable to retain the oxides.* 

The type of oxidizing agent to be used for a given 
alloy and impurities to be eliminated should be estab- 
lished by thermodynamic analysis, This system of 
analysis and method to be applied was described 
before.*-5.6 

Practical application of the method of selective oxi- 
daticn adapted to different metals and alloys en- 
hances the physical characteristics.?:3.4 

In this paper the authors present certain details on 
the application of the above mentioned method of 
sclective oxidation as used in the production of screw 
propellers made of special brass of high tensile 
strength. 

The scarcity of raw materials makes the problem of 
metal refining an important one. The non-ferrous 
industry might find itself in very unfavorable position 
if this problem were not solved satisfactorily. 

Utilizing large tonnage of metal for manufacture 
of propeller screws, the authors studied the question 
of a furnace adaptable for treatment of scrap metal 
and rejects by the degasification method described 
below. 

To obtain best results from this procedure it was 
necessary to provide for intimate and prolonged con- 
tact between the charge of the metal, the oxidizing 
agent and the slag. 

It was decided that a reverberatory type furnace 
would best serve the purpose. The authors used a 
furnace of this type of 13 to 15 tons capacity. 
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13- to 15-Ton Reverberatory Furnace 


The shape of the furnace, that is its length anc 
diameter were selected to attain the most favorabl: 
proportion or ratio between the volume and the 
surface of the bath of the metal. The problem of hea: 
transfer has been taken into consideration. 

The next problem was to provide a burner capable 
of burning 350 kg of fuel per hour. 

The burner should allow: 

1. To decrease melting time to a minimum. 

2. To obtain an adjustable length of flame to be 
regulated according to the obstacles provided 
by the metal charge. 

3. A long or short flame with the possibility of 
having it oxidizing, neutral or reducing. 

The last problem was solved by: 

a. Use of high pressure blower. 

b. Flexibility of burner performance described 
below. 

The fuel is introduced into the burner through a 
movable tube which terminates in a nozzle (Fig. 1). 
The movement of this tube provides a change of the 
angle of the flame. 
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Fig. 1—Sketch of furnace used in this study. 


Air is introduced through a lateral or side pipe. It 
is used as primary and secondary air for pulverization 
of the fuel. 

The regulation of flow of air, its high pressure and 
the possibility of the regulation of the nozzle results 
in a short or long flame of high temperature well 
located inside the furnace. In addition the burner can 
be moved around its horizontal axis, thus enabling 
to direct the flame to any desired spot. 

This flexibility of burner operation results in maxi- 
mum thermic efficiency and shortest possible melting 
time. 

By accurate control of the flow of the air and fuel 
it is easy to obtain the required atmosphere inside 
the furnace: oxidizing, neutral or reducing. This 
feature is important from the metallurgical point of 
view. 

Oscillating Movement of Furnace — The oscillating 
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Fig. 2—Photo of furnace used in this study. 


movement is effected by means of a chain connecting 
the furnace with an hydraulic cylinder. The move- 
ment can be automatic or manual. The moving 
operation of the furnace is fast and easy. The furnace 
can be started, put in reverse, stopped and started 
again almost instantly. 

Charging the Furnace—A door located at the top of 
the furnace permits charging of large pieces. There 
is no need to cut material into small pieces. The 
savings obtained are appreciable and the charging 
can be done rapidly. (Figs. 1 and 2.) 

Due to all the refinements of design, as described 
above, the operations of charging, melting and tap- 
ping require the service of only one man. 

The melting time of a 13-ton charge (most suitable 
for this type of furnace) starting from cold scrap to 
the uniform metal bath temperature requires 514 to 
6 hr, It has to be noted that the charge is composed 
of old propeller screws, scrap and turnings. 
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Fig. 3—Photo of cross-section of un- 
treated metal. Note gas pockets. 


Fig. 4—Photo of cross-section of 
treated metal. Note freedom from gas 
pockets. 






Melting and Refining Procedure 


To protect the metal bath during melting against 
the direct contact with the flame the authors add to 
the charge 3 to 4 percent of slag. 

To avoid excessive metal losses during the melting 
process of brass with high percentage of Zn it is 
necessary to maintain a reducing atmosphere in the 
furnace. 

It is known that up to approximately 1200 C, CO, 
acts as an oxidizer of zinc. This reaction should be 
avoided. Above 1200 C, the increase of entropy or zinc 
gases is sufficient to allow for co-existence of CO, 
without its entering into chemical reaction. At that 
moment (1200 C), to assist the degasification of the 
bath, the flame has to be changed from neutral to 
slightly oxidizing. This is also the time when the re- 
fining process starts. 

The method of selective oxidation is performed by 
judicious addition of a mixture of slag, copper oxide 
and manganese dioxide. 

To check the efficiency of this treatment and its 
influence on the composition of the alloy the authors 
use the following control tests: 

1. Composition of the Alloy. 

Rapid methods of chemical analysis are used to 
check the composition of the liquid metal and to 
make the corrections of certain elements such as Fe, 
Mn, Al, Zn, etc. The chemical analysis which require 
over | hr could be shortened considerably by applica- 
tion of spectrographic analysis. 

2. Micrographic Examination. 

This test consists of a comparison of the cast speci- 
men, cooled according to established procedure, with 
a standard specimen. This check requires 10 to 15 
min and the results are sufficiently accurate for pro- 
duction control purposes, 

After the desired chemical composition is obtained, 
the authors proceed with tests to verify the efficiency 
of the method of refining and degasification. 

Following are tests used: (1) Shrinkage test, (2) 
Torsion test, and (3) Density test. 





Fig. 5—Photo of another sample of 
treated metal. Also note freedom 
from gas pockets. 




















Fig. 6—Photo of torsion testing machine. 


1. Shrinkage Test. 

The specimen used for this test is cast in open and 
dried molds; it is 100 mm in diameter and 120 mm 
long. 

After solidification the examinatio:: of shape of the 
upper surface gives the first indication of the degree 
of degasification. 

Figures 3, 4 and 5 show the cut specimens and 
demonstrate the excellent results obtained. It can be 
seen that the very porous metal was changed to sound 
metal. 

2. Torsion Test. 

When elimination of gases is achieved and the 
shrinkage test considered satisfactory, the authors pro- 
ceed with the torsion test. 

This test is made in a special machine. See Figs. 6, 
7 and 8. The as-cast specimen is twisted until rupture 
occurs. Its results indicate the following: 

1. A figure in relation to the tensile strength. 
2. A figure in relation to the elongation. 
3. Degree of degasification. 

The first is shown on the wattmeter installed in 
the electric supply line to the motor of the testing 
machine. 

The second gives the angle of twist at the rupture 
of the specimen. The scale of the tachometer is cali- 
brated so that one revolution corresponds to 1 degree 
of torsion. When the specimen breaks, a device stops 
the machine and the angle of twist can be established 
within 5 degrees accuracy. 

The third (degree of degasification) can be checked 
by examining the fracture of the specimen. 

3. Test of Density. 

The specimen prepared for this test is cast in a 
sand mold similar to that for the torsion test. The 
density test contributes considerably to the establish- 
ment of the degree of degasification of metal. As the 
authors have mentioned above, the increase of density 
corresponds with the increase in mechanical proper- 
ties. 

As an example, and for the purpose of illustration 
of the procedure of degasification, we present figures 
obtained during one melt or heat. 
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Fig. 7—Torsion testing machine with specimen ready 
for test. 


The shrinkage specimen has indicated satisfactory 
results of degasification, The density specimens have 
given the following figures: 7.9; 8.2 and 8.35. The 
torsion specimen taken before addition of the mix 
ture of oxidizing agents has shown 285 degrees and 
345 degrees angle of twist. After addition of oxidizer 
(approximately 20 min) an angle of 490 degrees was 
obtained (Fig. 8). 

The density has also improved, at the end of treat- 
ment the density value being 8.6. 

The mechanical characteristics of the test bars 
attached to the propeller screw, cast in sand without 
chills, were as follows: 

R = 50.9 Kg per mm? 
A = 23.5 percent. 

E = 22.7 Kg per mm* 
R + A= 74.4 

In this short paper the authors attempted to indi- 
cate the technical advantages and economics to be 
derived from the application of the method of 
refining and degasification through selective oxida- 
tion of impurities. 

To be able to use this method on a large scale, the 
authors briefly described the design of the furnace. 

The principle applied allowed them to re-use the 
metal of old propeller screws, scrap and turnings and 
pour the metal direct into molds without making 





Fig. 8—Photo shows specimen broken in torsion testing. 
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ingots or pigging. The mechanical characteristics of 
1e metal were in accordance with the specifications 
of the French Navy. 

The melting losses depending upon the compo- 
sition of charge (turnings, small scrap, etc.) were 5 to 
7 percent. 

The following are the average figures of material 
properties taken from different melts: 

= 45-51 Kg per mm? 

A = 20-40 per cent 
E = 20-28 Kg per mm? 

The chemical analysis of the metal has shown 
approximately 1 percent Fe and Al and 2 percent of 
Mn. The authors allowed up to 1 percent of Sn and 
0.6 per cent of Pb. 

The variation of the mechanical properties of the 
metal from one casting was about 3 percent. 

It has to be mentioned that the uniformity of the 
results obtained is not solely the merit of the metal- 
lurgical process of metal refinement. 

The successful result depends also upon proper 
sand control and completely dried molds to avoid 
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the reverse reaction of regasification or absorption of 
gases by the metal during the pouring operation.* 
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INFLUENCE OF THE NATURE OF OVEN ATMOSPHERE 
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Does the nature of the atmosphere of a foundry adhesion and capillarity. Heat transmission takes 





































oven in which molds are heated for drying or cores place in two ways: by conduction and by vaporiza 
for baking have an influence on the progress of the tion. 
opération of drying or baking? Such is the question (1) Conduction—Heat is transmitted by the ingre 
which we wish to ask when, for example, the regu- dients, that is to say by the sand grains, the binder 
lation of the incoming fresh air in an electric core and the moisture. Since the conductivity of the 
oven is being considered. So, one might ask, what water and the binder is better than that of dry sand, 
are the advantages of circulating mold ovens in it seems likely that the flow of heat is through the 
which the hot fluid is only superheated steam circu- agglomerating paste and that its intensity will di 
lating in a closed circuit. minish as the drying and baking progresses, acting 
The problem which arises is two-fold, for the dry- to cause the conductivity to approach that of the 
ing of molds as for the baking of cores. dry sand; moreover, a mold or a core which is moist 
We must know if heating in closed circuits (con- and filled with the agglomerating agent will have a 
fined atmospheres) is more economical than heating better conduction at the beginning of heating than 
in open circuits (changing atmospheres), which at the end of the process, because its structure will 
could be determined by the comparison of the then be much more open, and its density much less 
thermal output of the two processes, and if the (presence of insulating voids between the sand 
quality of the oven, which one can evaluate by the grains). 
absence of cracked molds and high strength in cores, This influence of moisture on the conductivity of 
depends on the nature of the atmosphere. sand is far from being negligible; an experimental 


study has shown that for a theoretical granular sub- 
stance (composed of balls of glass of the same dia- 
meter as the silica) the addition of a very small quan- 
tity of water 3g/1) causes an increase in conductivity 


This study first shows the determination of the 
physical mechanism of drying with the aid of some 
theoretical considerations. At the same time we will 
give an insight into the work which has already been 
done on this subject. Following this we will show of 50 per cent.’ 
the results of the experiments we have carried out It should be noted that in the case of cores, the 


and the conclusions which can be drawn from them. decrease in the amount of heat due to conduction, 
during the course of drying, is compensated by the 


heating due to the exothermic oxidation of the 
binder: this is the reason why at the end of the 
process it is possible to have the temperature within 
the core higher than the ambient temperature in 
the oven. 

Finally the conductivity for a porous substance is 
a phenomena wirich is comprised of one part the 
convection of the air in the pores of the material and 
the mutual radiation of the walls of these pores. 


(2) Vaporization— While the temperature is in- 


I—A Study of the Drying and Baking of Sand 


A—Transmission of Heat in Sand 

In a mold or a core the silica grains are surround- 
ed by a film of a mixture of water and binder (clay 
in the case of molding sand, agglomerating agent in 
the case of core sand) which is bonded to them by 
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they are superheated before being expelled. This 
displacement of vapors in the material goes on at 
ihe same time as the displacement of calories from 
ie outside to the inside which is thus heated by the 
sensible heat of the vapors and by their heat of con- 
densation, 


B—Mechanism of the Drying of Sand 

If one considers a mass of wet sand enclosed in a 
flask and bounded, on the other hand (side) by two 
plane surfaces, one sees during heating, a loss of 
moisture at the same time toward the outside and 
toward the inside where the water content has a ten- 
dency to rise in an early part of the process (the case 
of superficial drying). The vapor tension of the 
water which increases with temperature reaches the 
value of the atmospheric pressure (760 mm Hg) for 
the temperature of 100C (212F) and from this mo- 
ment the vapor tension can no longer increase. 
Vaporization continues at constant temperature as 
long as any moisture remains. 

In following the drying of such a mold with the 
aid of thermocouples placed at various depths in the 
sand, one will see at each point these phenomena fol- 
low in order: 

-increase in temperature to 100C or 212F (evap- 


oration). 

leveling of temperature at 100 C or 212F (va- 
porization). 

-increase beyond 100C or 212F (drying ended, 
superheating) . 


A 100C (212F) temperature zone therefore will be 
displaced to the interior of the sand, from the sur- 
face toward the middle (Fig. 1) and its travel on a 
level with a thermocouple will be distinguished by a 
leveling of temperature, a classical phenomena which 
has been distinctly observed in the drying of molds. 
In the case of cores, where the moisture content is 
low enough, (of the order of | per cent), the level- 
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Fis. 1—Drying process for a sand mo’d. 
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ings are not very long although clearly noticeable. 

In the case of a foundry oven, where the tempera- 
ture is always in, excess of 100C (212F) the moisture 
is thus driven from the sand in the form of super- 
heated steam; one knows that beyond 100C (212F) 
water can no longer exist as a liquid at atmospheric 
pressure, and that there is no longer a degree of 
saturation limiting the content of the water vapor 
of the oven atmosphere. 

It is useful to determine here that when drying at 
a temperature over 100C (212F) one encounters a 
different phenomena of drying than simple evapor- 
ation, which is carried out by the action of ordinary 
dry gas and at a low temperature (less than 100C or 
212F) at which the efficiency is proportional to the 
difference between the water saturation content of 
the gases for their temperature and their effective 
content. Above 100C (212F) drying can be done as 
well in steam as in dry air, because nothing limits the 
steam content of the air-steam mixture in which the 
sand is soaking to dry. There is, therefore, no cause 
for fear that the drying may be diminished in pro- 
portion to the moisture content of the convection 
gas; the hygrometrical condition of the atmosphere in 
particular will not interfere and it will not be impor- 
tant to use a fuel having large or small amounts of 
moisture in the fumes. 

The process of drying to the middle of a mold de- 
pends essentially on the flow of heat which is trans- 
mitted through the outer zones already dried toward 
the inner zones still moist and which gives rise to a 
flow of superheated steam from the opposite direction, 
from the interior to the exterior and toward the 
superficially dried zone. 

The nature of the convection fluid does not influ- 
ence the rate of drying (in depth) which is indirectly 
proportional to the convection coefficient of heat 
transfer. We will show in the following, by calcula- 
tion and experiment, that this influence is slight when 
going from dry air to superheated steam. On the con- 
trary, the effect of the temperature of the hot fluid on 
drying is predominant. On diagramming the phe- 
nomenon one can show this influence on a mass of 
very wet sand, bonded by plane surfaces (full flask 
constituting a test mold). 

Consider the flow of heat transmitted by the con- 
vection fluid to the sand of a mold during the time 
dt; it is equal to 


dQ 
—— = K (T-®) 
dt 
with K = convection coefficient 
T = temperature of the hot fluid 
@® = temperature of the sand surface. 


This heat flow is transmitted by condu:tion through! 
the dry zone to the zone of vaporization which goes 
to a depth in the mold while maintaining itself at 
100C (212F). 

We will assume in the first approximation and to 
simplify the calculations, that a constant part and 
moreover the most important of this flow is used in 
vaporizing the water in the sand and that the other 
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part equally constant is used in heating the sand, pre- 
heating the water and superheating the steam. 

This hypothesis premits the writing of an equation 
for the fraction of transmitted flow: 


ae 


m —— = — (@ - 100) 
dt e 
with . = conduction coefficient of dry sand 
e = depth of the dried zone 


m is a constant [which we will call the coefficient 
“moyen de rendement”] which is equal for a mold of 
a given analysis to the ratio between the heat of 
vaporization of mold water and the total heat used in 
drying the mold. 

The quantity of heat supplied to the zone of vapor- 
ization permits the drying of a layer de such that: 





de T-100 
mS we ee ee BE US 
dt ] me 
sil ti 
k A 
with h — moisture content of the sand 
L = heat of vaporization of water at 100C 
(212F) 
6 = the specific weight of sand* 


One can deduce by integrating that equation, the 
drying time as a function of the thickness reached and 
the depth 

e hLé m 2 





—-— .-—- + 
2m (T-100)\ A Ke 
The temperature is therefore an essential factor in 
the speed of drying [through the depth a hyperbolic 
function] for a sand mold soaked in a convection 
fluid at over 100C (212F). 
To obtain a more rapid rate of drying, the temper- 
ature of the convection fluid should be as high as 
possible. 


C—Baking of Cores 

The baking of cores to give the hardness and 
strength necessary for their use is at first a drying, then 
a process of chemical oxidation and polymerization. 
The two phases of the baking (properly called drying 
and baking) can be considered distinctly as the tem- 
perature at the center of a core is noted with the aid 
of a thermocouple embedded in the sand (Fig. 2). 
First the temperature increases to 100C followed by 
a leveling of drying, then a second more rapid increase 
in temperature due not only to the heat of convection 
gases but also to the heat of reactions of the oxygen 
and the polymerization of the binder which begins at 
middle of the sand. 

All authors agree in recognizing that presence of 
oxygen is necessary for baking; in an atmosphere of 
nitrogen and carbonaceous gas the core would develop 
no strength. On the contrary, a core placed in an 


* One can consider that the moisture content is affected by the 
heat transmission on a thickness de which represents the thick- 
ness of the imaginary layer in which the moisture content going 
from a value h to a value O, gives the equivalent variation to 
that of the moisture content of the mass of the mold during 
the time dt. 
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oxygen atmosphere can have its temperature brough 
to more than 400C (750F) in 2 min with destruction 
of the binder.2, Baking must then be a controllec 
operation. For linseed oil, for example, the oxidatio) 
occurs slowly at first, increases very much betwee: 
175C (345F) and 250C (480F) and breakdown occur 
at 260C (500F). The chemical reactions of baking 
are not well determined and it is difficult to calculat« 
the quantity of oxygen needed; yet Fiegehen® has made 
measurements on this point from which he finds tha: 
for the oxidation one kilogram of linseed oil requires 
about 2.7 cu meters (95.34 cu ft) of air. One can 
predict from these results that a slow renewal of aii 
will be sufficient for the heating of a charge of cores 
in which the linseed oil content is about | or 2 per 
cent. 

A systematic study has been made elsewhere on the 
effect of the introduction of air on the mechanical 
properties of linseed oil cores; it would result that 
the amount of fresh air admitted during the baking 
has little effect on the values of these properties; the 
volume of air in the oven proved sufficient to oxidize 
the binder: on the contrary an appreciable quantity 
of replacement air would tend to decrease the value 
of the mechanical properties studied (cohesion, bend- 
ing, and hardness) and a minor quantity would be 
necessary (10 to 15 per cent) to give sufficient hard- 
ness.* 

For those concerned with comparative baking time 
in an atmosphere of dry air and of steam, tests recent- 
ly made in the sand laboratories of the Department 
of Mines of Canada showed that baking in an atmos- 
phere of steam does not decrease the strength of cores 
after baking but increases the time of baking by about 
50 per cent.® 

We will now show the results of tests which we have 
made to compare the drying of molds and cores in 
confined atmospheres and changing atmospheres. 


11—Comparative Tests on Core Baking in Confined 
Atmosphere and in Changing Atmosphere 


Before giving the results of tests made on an indus- 
trial scale, it is interesting to determine what the Com- 


* On this last point we are not in agreement; the laboratory 
tests to which we refer later do not bear this out. 
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Fig. 2—Baking stages of an oil sand core. 
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mission compétente du Centre Technique des Indus- 
uies de la Fonderie which is engaged in confirming 
a new specification for tests of core binders on test 
«vlinders considers the need for introducing a certain 
amount of air in laboratory ovens for the correct 
baking of specimens. Of the numerous tests made in 
the Dietert oven it has been shown that it would not 
be necessary to have a completely confined atmosphere 
permitting any renewal of air because in that case the 
baking of the core is retarded and the value of maxi- 
mum cohesion is decreased for a given mixture. 

The industrial scale tests which were the primary 
objective of our study on the baking of cores, have 
been carried out in an electric oven of current design, 
with metal-walled heating furnaces, forced convection, 
of 1 cu meter (35.31 cu ft) volume (effective volume 
(0.8 cu meter or 28.25 cu ft) and of 7.5 kw power. 


A—First Test Series 

In a first test series, conducted on a normal load of 
cores, we were able to compare the heating time for 
operation with all dampers closed or allowing a con- 
tinual change of air; the time to reach 250C (480F) 
was then 2 hr 45 min. to 4 hr, on account of the 
appreciable stack losses which reduced the heating in 
the second case. We have even verified that the open- 
ing of the door during operation to permit charging, 
resulted in a drop in temperature such that a half 
hour of heating was necessary to compensate for it. 

The saving realized by confined heating being ap- 
preciable, we have undertaken to show directly that 
the required baking conditions were realized in the 
oven atmosphere, in spite of the complete closing of 
the dampers. To do that after having charged a com- 
plete set of cores, we connected to the oven a device 
for continuous aspiration of gases of which the ana- 
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lysis was made by a recording apparatus; a device for 
condensation of water vapor was placed in the circuit 
to allow verification that the humidity of the oven 
atmosphere was negligible. We have further noted 
the presence of CO, at the start of the binder oxida- 
tion, but the CO, gas content did not exceed 1 per 
cent. Finally the direct Orsat analysis allowed verifi- 
cation of the presence of oxygen in excessively large 
quantities. 

Below are two of these analyses, one taken at the 
beginning, the other at the end of baking: 

CO, % On % 
First Analyses 0.5 20.2 
Second Analyses 0.75 20. 

One must conclude that the leakages of the oven are 
largely sufficient to renew the inside air; nevertheless 
the metal walls were absolutely air tight and the entry 
of the air could only come from the joint in the door; 
but the reduced pressure of the warm atmosphere of 
the oven was sufficient to result in an appreciable 
aspiration through the joint. With the view to deter- 
mining our experimental conditions from the point 
of view of leakage, we have undertaken to measure 
directly the amount of leakage of our oven. 


B—Measurement of the Amount of Oven Leakage 

(1) Principle—One measures the dilution of a sub- 
stance introduced in an oven in known quantities. 
We have chosen to measure the water vapor content 
obtained in the oven by the evaportion of a certain 
weight of water. 

(2) Experimental Arrangement—We placed in the 
oven, before placing it in operation, a known weight 
of water P (Fig. 3). During the operation a weight 
p was evaporated, measured at the end by weight 
difference. On the other hand a continuous aspirating 
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device (water jet pump) was connected to the oven 
which we calibrated by means of a gas meter, the test 
giving the output aspirated per unit time. A condens- 
ing apparatus (refrigerant descending in the circu- 
lating water) placed in the circuit of the even outlet, 
gave the quantity of water condensed in a known 
time, and therefore permitted the measurement of the 
water vapor content of the aspirated gas. 
(3) Results of Measurements 
(a) First test—7 hr duration 
—Weight of wa- 
ter vaporized 
—Water _con- 
densed during 


p = 15.750 kg 875 mols 





the entire op- 200 cm* 11.1 mols 
eration 
—Total value of 
gas aspirated 
by the pump : 1,260 liters 56 mols 
water content 
of aspirated 11.1 
gas : —— lb = 20% 
56 


Volume of dilution air = 4 times the volume 
of vapor being 875 x 4 = 3,500 mols in 7 hr, the vol- 
ume of the oven being 44 mols (1 m‘), the replace- 
ment of air was 3.456 mols, that is 494 mols hr, repre- 
senting a volume of 11.115 m hr of cold air. 


(b) Second test 


—Weight of wa- 


ter vaporized 2.24 kg 124 mols 
—Condensation 31 cm3 1.7 mols 
—Total volume 

aspirated by 

the pump 450 liters 20 mols 
—Water content : 8.5% 
—Vol. of dilu- 124 x 91.5 

maa.  —°o— —_— = 1.335 mols 

8.5 


being 30 m$ of cold air in 214 hr. 
Replacement: 29 m’ or 11.6 m*/hr. of cold air 

These tests showed that an appreciable volume of 
fresh air passes by the door joints and the leaking 
dampers—of the order of 11 m® per hr. 

We have tried to reduce this entering air by ce- 
menting the door joints. We then obtained the follow- 
ing results: 


(c) Third test 


—Weight of wa- 


ter vaporized 8.570 kg 476 mols 
—Condensation 460 cm? 25.5 mols 
—Total volume 

aspirated by 

pump 763 liters 34 mols 
—Mean_ water 

vapor content : 75% 

~Volume of di- 476 x 25 

lution air : ——— — = 159 molecules 


75 
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being 3.6 m* of cold air for the duration of the te 
(4 hr, 15 min). 
Replacement: 2.6 m? or 0.6 m%/hr. 


(d) Fourth test 


—Weight of wa- 


ter vaporized 11.790 kg 655 mois 
——Condensation 594.5 cm* 33 mols 
—Total volume 

aspirated by 5 hr, 45 min 

pump at 8 mol/hr 46 mols 
—Mean_ water 

vapor content : 72% 
—Volume of di- 655 x 28 

lution air > ———— = 254.7 mols 

72 

—Replace- 

ment air 210.7 mols 


being 4.74 m* of cold air in 534 hr or 0.82 m*/hr. 

The above values show that the loss to the stack 
is not negligible in the last two tests. 

With all dampers closed, about 11.3 m of cold air 
pass through the joints of the door resulting in a loss 
of 800 cal/hr (a mean temperature of 250C (480F) 
was taken as the ambient temperature of the oven.) 

The oven having a power of 7.5 kw, this loss repre- 
sents about 1214 per cent of the energy consumption. 
Cementing the door reduces appreciably the volume 
of air admitted during the oven operation and reduces 
this loss to 50 cal per hr or 0.7 per cent. 

Having thus determined the air tightness and ob- 
tained a confined atmosphere (up to a mean water 
vapor content of 80 per cent) we repeated our tests 
of drying in a confined atmosphere. 


C—Drying of Cores in a Confined Atmosphere 

We had available a complete charge of cores in the 
oven and placed in this charge, some test pieces of 
predetermined strength to permit a concrete measure- 
ment of the drying quality. 

Six thermocouples, of which four were placed in 
the oven atmosphere and two in the sand in the ex- 
perimental cores, were permitted to follow the ther- 
mal heating cycle. 

When the charging was completed, the oven door 
was cemented and thus an air tightness (previously 
determined) was obtained which was far superior to 
that which can be obtained in industrial practice. 

The oven atmosphere was analyzed at the middle 
of the test by two methods: 

—Continuous analysis of CO, content by means of 
a recording apparatus, 

—Intermittent analysis of the CO, (check) and 
the combustible gas content (CO, H.) by means 
of an Orsat apparatus equipped with a platinum 
spiral. ;, 

Here are the results obtained under these condi- 

tions: 

When the mean core temperature reaches 225C 
(437F) (mean ambient temperature: 240C or 464F, 
heating was stopped and the oven door opened. 

The results of the atmosphere analyses are given in 
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g. 4. The CO, content reached a maximum of 5.3 
er cent, CO 1.5 per cent, and H, (or hydrocarbon) 
4 per cent. This indicates there was always sufficient 
xygen remaining (minimum 14 per cent) for the 
xidation of the binder. In effect the drying of the 
harge was satisfactory, the setting of the binder was 
ffective, the cores were hard and the strength tests 
ibtained on test specimens gave a value of the resist- 

ance to the traction entirely normal and satisfactory 

ior the materials used, 

One can conclude from these results that it is prac- 
‘ically impossible to realize, in a recirculating foundry 
oven, a sufficiently confined atmosphere in order that 
the drying of cores can no longer be done therein. 
An ordinary recirculating oven, even completely 
closed, in general will allow sufficient air to go 
through its joints to assure oxidation of the binder. 
if admission of fresh air is allowed in the recircula- 
tion circuit, it will be necessary to regulate the entry 
frequently through small openings. This will avoid a 
wasting of calories by unnecessary replacement. 

It will be interesting from the point of view of 
thermal efficiency to obtain an air tightness as perfect 
as possible, particularly along the door joints. 

The improvement in efficiency which results from 
a replacement of a minimum amount of air and by 
good air tightness, is clearly shown by the thermal 
balance sheet given in the appendix. 


11|—Study of Drying Molds in Steam Atmosphere 
A—-Theoretical Considerations 


Before giving the results of tests we have carried 
out, we will first make a comparison of the physical 
properties of air and water vapor likely to be encoun- 
tered in the process of heat transmission. 


Figures given by 


Moser Erk Cammerer 


100C (212F) 0.020 0.0204 0.0259 
Conductivity 200 C (392 F) 0.02558 0.0266 0.0310 
(K Cal/M hd°C) 300C (572F) 0.0315 ~—-0.0331~—«0.0361 





Results given by Landolf and Bernstein 


Water Vapor Air 








\ = 0.01405 (1 + 0.00369t) 
at 250 C (482 F) \ = 0.0270 


\'= 0.01894 (1 4+ 0.00228 T) 
at 250 C (482 F) » = 0.0297 





Specific Heat at Cp = 0.24 + 0.0000 3t 
Const. Pressure at 250 C (482 F) 0.47 at 250C (482 F) Cp — 0.245 
K Cal/kg d°C 273 
Specific Weight at 250 C (482 F) 0.408 p = 1.293 x 
273 + t 
at 250C (482 F) p = 0.675 
We see first from this table that the thermal con- 
ductivity of liquid water 
t 
[A = 0.49 + 0.1 ——— (between OC or 32F and 
100 90C or 194F] 
is about 20 times as great as that of air, that of water 
vapor, however, is much less than that of dry air. 
But in a foundry oven the coefficient of conduction 
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Fig. 4—Atmosphere analysis of core baking oven oper- 
ating with closed and tight circuit. 


does not only enter in the transmission of heat; the 
heating taking place by convection of the gas, it is 
necessary to compare the convection coefficients. 

Resistance to heat transmission by convection is 
localized on the surface where a thin layer of fluid 
adheres which retards the passage of calories by its 
insulation characteristics. The convection coefficient 
K is defined by the Newton formula 

Q = KS (t-®) 
giving the quantity of heat Q passing through surface 
S in a unit time when the temperature differential is 
(t-@) . 

This coefficient K depends on fluid convection 
which interferes with the conductivity, but its specific 
weight, and by the film thickness on the surface 
(which is also dependent on the fluid viscosity). In 
addition the coefficient K varies with the regulation 
of fluid flow and there is a relation between the regu- 
lation of the temperature in the stream and that of 
its speed. In particular, the existence of the thin 
film which we mentioned above where heat is trans- 
mitted by conduction, the temperature, which varies 
linearly, is related to that of the boundary laminar 
layer located along the wall where the speed also 
varies linearly. 

The thickness of these two layers are related the 
equation 

1 


8 = 84S" where 
8, = thickness of secondary thermal laminar layer 
8, — thickness of secondary dynamic laminar layer 
A 
S = the Stanton number s=— 
Cw 


(where v is the dynamic fluid viscosity) and n is 
an experimental exponent. 

For the gases, the Stanton number § is independent 
of temperature and pressure and varies depending on 
the complexity of the molecule. 

Monatomic Diatomic rriatomic Multiatomic 
Gas Gas Gas Gas 
S 1.50 1.36 1.25 1 

The analogy of the regulation of speed and of 
temperature can be quite exact in the case of laminar 
flow along a plane; we know that there exists in this 
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case a boundary layer where the fluid speed variations 
are localized in the vicinity of the wall and that this 
layer is located on the interior of a parabola. In the 
same way the thermal boundary layer is limited by a 
parabola (Fig. 5), the ordinates of the two parabolas 
for the same abscissa: 

OH = « 8, and $4 such that 
= §,S8% 


Vo 
en 


<- 


Fig. 5—Thermal limit layer in case of laminar flow along 
a plane. 





One sees finally that the coefficient of convection 
K will vary with the speed of the fluid since when 
the speed increases the insulating film decreases in 
thicknesses and breaks which increases the flow of 
transmitted heat. 

Finally for turbulent flow, with an average Rey- 
nold’s number, along a smooth plate of little rough- 
ness, the convection coefficient takes the following 
form (mean values between 0 and X on the abscissa) : 


PN 
K,* = 0.036 (——)™. 


(CpPp.) °° 


where ,», is the speed of flow and p the specific mass 
of the fluid. 

For a flow characterized by a large Reynold’s num- 
ber, and where the wall roughness becomes prepon- 
derant, the convection coefficient takes the form 


Y 
—; Y = coefficient of friction. 
9 


— 


K =k C)pN, with k = - 


The roughness increases the heat exchange. 

Let us compare the numerical values of the coeffi- 
cients for air and water vapor 

at 250C or 482F—smooth surface— 


K (H,O) a . P(H,O)} 
20 C, 


K (air) ee . P (air) 


= 132 








a rough surface— 
K(H,O) — C, p(H,0) 
‘nies = = 1.16 
K (air) C, (air) 
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From that comparison we can draw the followin:; 
conclusions: 

—At the same temperature the convection of watc, 
vapor is a little higher than that of air, but the diffe 
ence is slight and should result in little effect. In th: 
same way the quantity of heat stored in a volum: 
V = 1 of water vapor (C, x P) is slightly higher tha: 
that in the same volume of air. 

To return to the problem of heating, one can there- 
fore predict that for the same power consumed, the 
equilibrium temperature of the gas mass, assumed ii) 
a closed circuit, which is made up of the oven atmos. 
phere will be lower in the case of the water vapor 
than in the case of air. But one can hardly predict 
that there will be an appreciable difference in the 
efficiency of heat transfer of the convection fluid in 
molds. 


B—Tests on Drying of Molds in an Atmosphere of 
Superheated Steam 


To study this problem in as complete a manner as 

possible, three types of tests were carried out. 

—laboratory tests on moist sand samples in an elec- 
tric oven. 

—semi-industrial scale tests on small molds in a } 
cu meter electric oven which has previously been 
used to study the baking of cores. 

—industrial scale tests on very large molds in a 
large brick (masonry) oven. 


(1) Laboratory Tests—The test apparatus was a 
small electric oven with revolving hearth and a forced 
circulation which could function as an open, semi- 
open or closed circuit. 

Tests were conducted on two different types of sand. 

Each test was made on 16 A.F.S, test cylinders of 
50 mm diameter and 50 mm height. They weighed 
about 170 grams and were weighed exactly. During 
the time needed for preparation and weighing, the 
test specimens were placed in a hermetically sealed 
container to avoid drying. 

The oven was heated until the desired uniform tem- 
perature was obtained. 

In one series of tests, with the view to studying 
drying in a dry atmosphere, we placed at the air in- 
take of the oven, a container of dehydrated silica gel 
which absorbed the moisture in the air and we opened 
a large exit orifice for the air. 

In other series of tests with the view to studying 
drying in moist air, we closed the intake and exit air 
orifices to provide a closed circuit, and we placed 
inside the oven a 250 x 180 mm heating plate which 
was supplied in boiling water (atmosphere of super- 
heated steam) . 

The 16 test specimens were placed at the same time 
on the oven trays and during the test the trays were 
continuously rotating. The air was circulated by the 
fan and its temperature was maintained by passing it 
over electrical resistances. 

The zero time is the moment when the specimens 
were placed in the oven. An electric meter placed in 
the circuit recorded the current consumption at each 
instant during the test. 
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Fig. 6—Drying tests on Montieramey sand under damp 
and dry conditions. 


Each 30 minutes two specimens were removed from 
the oven and weighed immediately. The authors 
then computed the per cent of water evaporated. 


The temperatures chosen were 100C (212F), 150C 
(302F), 200C (392F), 250C (482F), and 280C 
(536F) . 


The results of these tests are shown in Figs. 6 and 7. 

The curves in Fig. 6 show for a first quality sand 
the time and current consumption needed for drying 
as a function of temperature, first for a dry atmos- 
phere and then an atmosphere of superheated steam. 

One verifies that the drying is faster and requires 
less energy in a dry atmosphere, yet without this 
difference being very significant. 

One notices on the other hand that the drying time 
is a hyprebolic function of temperature which was 
shown by calculations. 

The curves in Fig. 7 corresponding to a second 
quality sand, indicate results comparable to the pre- 
ceding ones except with a little more scatter. 

The drying time increases when one goes from a 
dry atmosphere (open circuit), to a partially moist 
atmosphere (closed circuit), then to a moist atmos- 
phere (closed circuit with superheated steam) . 

The differences in drying time are, however, of 
little importance and practically non-existent in the 
temperature range present in foundry ovens (200C 
or 392F to 300C or 572F). From the first series of 
tests, therefore, one can conclude that the oven atmos- 
phere has no appreciable effect on the efficiency of 
drying and the most important factor is temperature. 


- 


(2) Semi-Industrial Tests— 


From these tests it is possible to compare on a 
larger scale the drying efficiency in warm dry air and 
an atmosphere of superheated vapor. 

To compare the two methods of drying, it was 
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tem- 


necessary to hold one of two factors constant: 
perature or power consumption. We preferred, as in 
preceding tests, to hold temperature constant because 
it is difficult to maintain the same power in both 
cases; in fact, it is necessary in the case of drying in 
dry air, to admit a replacement of air and discharge 
the steam (whence a stack loss) and in the case of 
drying in a steam atmosphere, to place in the oven 
with the mold to be dried, a certain mass of water 
which, while evaporating during heating, will insure 
an atmosphere containing a high steam content 
(whence the use of calories to vaporize the water) . 

To compare the two drying methods we therefore 
must operate at equal energy consumption, but for 
like temperature increases obtained, must make man- 
ual adjustments for the electrical power consumed. 

(a) Experimental Apparatus—The tests in a steam 
atmosphere were made in a completely closed oven, 
the door joints being closed with refractory cement. A 
container was placed inside with ten kilograms of 
water which evaporated gradually during the heating 
and the apparatus previously described for measuring 
water vapor content was placed in position. 

The tests with a dry atmosphere were carried out 
with intake and exit dampers partly open and the 
water vapor was controlled to remain nil during the 
test. The two tests were carried out following the 
same curve of increasing temperature. 

Couples were placed in such a way as to permit the 
measurement of the following: 

the ambient temperature of the oven (high and 
low) 

the temperature at various depths in the experi- 
mental sand mold (6.25, 4.5, 2.5, and 0.5 cm). 

The test mold having dimensions of 450 x 355 x 125 
mm was made in the same manner for the various 
tests (same weight, density of ramming, and even 
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Fig. 7—Drying tests on Pontgouin sand in damp atmo- 
sphere and in closed circuit and in dry air- 




































































Fig. 8—Pressure measured within the sand during oven 
operation. 


moisture content) and the weight of water lost in 
drying was determined by weighing before and after. 

The weight of water to maintain the steam atmos- 
phere was largely calculated in such a way that the 
liquid remains to the end of the test and the weight 
of the water evaporated was determined by difference. 

Two effects of drying in a steam atmosphere could 
be expected: 

1. The effect on speed of drying into the mass and 
on the drying time to the center. 

2. The effect on the drying quality and particularly 
on the chances of crack formation. In an attempt to 


Atrnosphere renouvelee 
(air sec) 

Fresh renewed atmosphere 
Volry air) 








300° 
1<° Essai 
4%> Test 


—_ 





“i 


INFLUENCE OF OVEN ATMOSPHERE ON Cor: 5 


show the results obtained in this respect, we raise | 
the temperature of the sand (at 0.5 cm). We thoug! | 
that the cracks being caused by the appearance o1 
the sand surface of a hard crust due to rapid an‘! 
complete heating of the surface, the decrease in 
chances of cracking would be accomplished by a more 
gradual increase in surface temperature with perhays 
a leveling off at 100C (212F). 

Besides, we thought that the appearance of cracks 
could be associated with the steam pressure inside the 
sand. We therefore arranged a series of tests planne: 
to measure the pressure in a mold during drying and 
the corresponding temperatures. 

To do this we placed in the sand, at a fixed depth, 
a glass tube, the other end of which extended from 
the oven through a hole for taking the temperature 
and was joined to an inclined water manometer 
(Fig. 9). 

(b) Test Results—The results are particularly clear 
as regards the time necessary for drying to the center 
(See the thermal balance sheet in the appendix) . 

The dropping of the temperature level to 100C 
(212F) at a depth of 6.25 cm was accomplished fo1 
the cycle of heating adopted, at the end of 514 hr, 
regardless of the atmosphere where drying occurs 
(Fig. 9). 

These tests allowed us also to verify the formula we 
suggested for the calculation of heating time and 
depth: 
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Fig. 9—Sand temperatures vs depth during drying cf test 
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Fig. 10—Steam pressure within the sand vs depth during 
drying of test mold. 
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= 6.25 cm 

7.9% 

1.89 kg/dm* 
260C (500F) 
0.5 cal/m/h/°C 
540 cal 

0.62 

= 9 cal/M?/h/C 
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which gives for t a time of 434 hr, very close to that 
determined experimentally. 

For the above calculations we have adopted a value 
of 9 for the coefficient K resulting from the applica- 
tion of the formula 

Y 
K = — CpPN, 
2 


proposed earlier for the coefficient for rough violent 
flow, with the given values as follows: 


Y = 0.015 

Cp = 0.245 cal/kg (air at 250C or 482F) 
p = 0.675 Kg/M®* 

fo = 2m/sec = 7200 m/hr 


As for the coefficient m we have calculated it taking 
into account the values found for the different situa- 
tions of the thermal balance sheet in the appendix 
which gives the number less than 0.62. 

Besides the preponderant role of temperature, the 
proposed formula above the heating time shows again 
the importance of decreasing of the convection co- 
efficient K to a value which increases the thickness of 
sand dried. 

Consequently, if we increase K in increasing the 
speed of circulation (use of recirculation) the effect 
obtained will be less sensitive the thicker the mold. 
The transmission of heat is then retarded especially 
by the conductivity at the interior of the sand mass. 
The principle of recirculation is especially interesting 
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for shallow drying, that is, for cores and small molds. 


These considerations are clearly confirmed by our 
tests of drying of large molds in the foundry.® 

Regarding the quality of drying the authors have 
not been more successful in showing improvement; 
the increase in temperature at 0.5 cm depth is the 
same in a steam atmosphere as a dry one and shows 
no more leveling at 100C (212F) in one case than 
another. Curve 4 (temperature in the sand at 0.5 cm) 
follows Curve 5 (ambient temperature) with simply a 
difference, the same in both cases, of the order of 80C 
or 176F. Accordingly, curves 2 and 3 (temperature 
at 4.5 and 2.5 cm. in the sand) can be a little divergent 
but this is not regular and can be explained by the 
inexactness in the placing of the tips of the thermo- 
couples in the sand, 

The results of pressure measurements are given in 
Fig. 10. The pressure at the middle of the mold in- 
creases with temperature and continues to increase 
during the leveling of drying at !100C or 212F. Then 
when the leveling is ended, the temperature rises 
about 106C or 212F (end of vaporization of mois- 
ture), the pressure decreases in the same time as the 
residual water vapor is eliminated. We have then 
another procedure for following the deep drying by 
the measurement of pressure.* When the maximum 
of the pressure curve is passed, the drying is complete 
and the water entirely vaporized. 

The valve of maximum pressure in the course of 
our tests remains between 13.5 and 21 mm of water 
at a depth of 6 cm of sand rammed hard (moisture 
content of the sand. 6 to 7 per cent). We have not 
noticed any variation of this maximum value particu- 
larly as a result of the nature of the oven atmosphere. 

One conceives, in effect, that the internal pressure 
created as a result of a lack of permeability of the 
sand by moisture vaporization will follow the trend 
of temperature increase and will be influenced by 
the ramming density, the permeability, and the water 
content of the sand. But the phenomena we seem to 
note as indifferent to the nature of the atmosphere in 
which the drying is done and it is well that experience 
confirmed this. 

Besides, we have accomplished a test for the mea- 
surement of pressure not only at the center of the 
mold but closer to the surface at 2 cm depth. This 
test has shown the existence at the start of drying of 
a phase of very marked reduced pressure (see Fig. 9), 
where one can see an experimental confirmation of 
the theoretical factors explained more above on skia 
drying. 

The decrease in pressure verified would be ex- 
plained by the driving off of vaporized moisture near 
the center of the mold. Then the pressure deviates 
in a positive direction, increases rapidly (driving off 
of moisture near the surface) and continues to in- 
crease even though the leveling off of drying has 
reached point where it is considered slow (driving off 
of moisture at center of the mold) ; the end of drying 


* This procedure has already been used by M. Blanchard in 
Paris for following the drying of furnace linings. 
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is indicated by a very marked inflection of the curve. 

In short, the results of this second series of tests 
confirms those laboratory tests; at normal oven tem- 
peratures the nature of fluid convection has no appre- 
ciable effect on drying speed. No appreciable differ- 
ences were found to favor a superheated steam atmo- 
sphere, in the range of temperatures and pressures in 
the same mass of sand likely to cause a more marked 
tendency to crack formation. 


(3) Industrial Tests 


These tests were carried out in a foundry during 
the operation of regulated ovens of large volume, 
functioning with a normal charge of molds but allow- 
ing in addition a test mold of 600 mm thickness, the 
other dimensions being greater than the depth; this 
mold consisted of a flask entirely filled with sand of 
normal moisture and density, in which were placed 
at various depths, near the middle, thermocouples to 
follow the progress of drying by temperature measure- 
ments. 

These tests are not as systematic as the preceding 
because certain factors affecting the mechanism ol 
drying can vary from test to test: moisture content, 
sand quality, and sand density. 

Nevertheless, they are sufficiently similar to permit 
comparing in the different cases, the order of magni- 
tude of the drying time. 

The table below gives the drying time up to a depth 
of 10 cm for large test molds according to the oven 
type and temperature. 


Oven with superheated steam at 260C (500F) 12 hr 

Oven without recirculation at 400C (752F) 7 hr 

Coke oven with circulation at 400C (752F) 8 hr 

The temperatures indicated correspond to the max- 
imum obtainable during normal functioning of the 
types of ovens in question. It is noted that the oven 
with superheated steam which cannot operate above 
260C (500F) dries less quickly than the other two. 
The lack of temperature is not therefore compensated 
for by a convection power of the superheated steam, 
appreciably greater than that of the atmosphere of 
ordinary ovens. 

On the contrary, the appearance of the molds was 
much better after drying in a steam atmosphere: the 
absence of cracks was particularly noticeable. 

On the other hand, in an oven with superheated 
steam, the temperature distribution was more uni- 
form, and resulted in uniform drying to the same 
depth of the entire load. 

These tests confirm the two preceding test series 
made in the laboratory and at the semi-industrial 
level. 

The nature of the warm fluid has no important 
influence on the efficiency of mold drying, the essen- 
tial factor being the temperature. 

Although we have not made clear the variations in 
the range of the temperatures and pressures in the 
mass of sand as one heats it in air or steam, it seems 
that the steam atmosphere is favorable to mold 
quality, especially that which is evident by the absence 
of cracks. 
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This fact which we have been able to verify ha; 
already been pointed out.” 

It is possible that the quality of drying and th: 
absence of cracks, which were observed in ovens witi: 
superheated steam, is not due to the steam atmospher. 
but to the slow rate of temperature rise followed by ; 
maintenance of a low temperature (less than 250C o 
482F) which results in, on the one hand, a slow trans 
fer of heat, and on the other hand, the greater hea: 
capacity of a cubic meter of steam than a cubic meter 
of air lowering the equilibrium temperature of the 
warm fluid in the oven. 

Too rapid a rise in temperature results in effec: 
in the formation of a dry crust of low porosity which 
tends to crack to open up a passage for the steam 
resulting from the vaporization of the moisture of 
the deeper layers.* 

In the exchanger ovens drying in an atmosphere 
of superheated steam, the temperature distribution is 
very good because the mixing of the warm fluid can 
be done in a completely closed circuit (the excess 
steam is removed by a valve or by the joints in the 
door) in the ordinary ovens, the temperature distri- 
bution is not as good because the recirculation circuit 
is not entirely closed since the combustion chambe1 
produces an excess of warm gas when the chimney 
allows excess fumes and corresponding steam to 
escape. 

On the other hand, the thermal efficiency of heat 
utilization is not as good in the exchanger oven be- 
cause the overall efficiency of the oven is affected by 
the efficiency of the exchanger which cannot be 100 
per cent. 

At any rate, in all our tests we have never concluded 
that the steam atmosphere gives a heating rate and 
thermal efficiency higher than warm air contrary to 
that which is indicated in a recent article concerning 
the drying of granular materials;§ it is true that these 
tests have been made very differently and that the 
sand tested did not have the characteristics of a found- 
ry sand and were not prepared in the same manner. 


Conclusion 


The results of the writers’ tests show that the influ- 
ence of the nature of the atmosphere, in which molds 
or cores are heated, is secondary in comparison with 
the essential factor which is the temperature of that 
atmosphere. 

With regard to the baking of cores, it is observed 
that the oxygen necessary for the oxidation of the 
binder is found in always sufficient quantity in the 
atmosphere of an ordinary oven, thanks to the intakes 
of air through the joints. 





* We do not pretend in this study to be able to give the com- 
plete explanation of the phenomena of crack formation, which 
depends on a number of factors, the influence of which we 
have not studied, such as the physical-chemical nature of sand. 
We simply wished to show that the factor of atmosphere had 
only a slight effect as compared with temperature. The problem 
of crack formation has been studied in a more general mannex 
and in collaboration with M. Nicolas, Chief of the Primary 
Materials Department of the Foundry Industry Technical Cen- 
ter. M. Nicolas will soon be in a position to report the results 
of his work on this subject. 

















GrorGEs ULMER AND MAuRICE DECRopP 


With regard to drying of molds, it is observed that 
the atmosphere of superheated steam is not more 
active than the hot air mixed with fumes, but that 
the steam produces a regular and gentle drying, fav- 
orable to a good appearance of the molds and reduc- 
ing the formation of cracks, 

To combine quality of heating and economy of 
calories, it is of interest to have the oven quite tight, 
to limit to the minimum the entry of cool air to be 
introduced in the recirculation circuit and to choose 
a thermal cycle giving a slow rise in temperature. 

The tests mentioned in this thesis were made at the 
testing station of the Technical Center of Foundry 
Industries. The authors thank their General Director, 
Mr. Le Thomas, for the interest he has kindly shown 
in this work, by authorizing the authors to publish 
these results. 


APPENDIX 
Thermal Balance Sheet of Heating 


The measurements made (amounts, temperature 
rises) permitted evaluation of several items of a 
thermal balance sheet. 


(1) Balance Sheet for Mold Drying 


The authors made two heats on maximum charges 
and compared the thermal balance sheet for these two 
operations for the same fixed time of 7 hr. 

(a) First heating — all dampers closed — partial 

tightness. 
Charge—356.85 kg for 0.8 cu meters of volume 
Moist sand—281.65 kg 
Flask—75.2 kg 
Temperature attained at end of 7 hr heating 
in the atmosphere of the oven, 260C (500F); drying 
incomplete. 

(b) Second Heating—all dampers closed—door 

joints cemented—tightness as good as possible 
(stack losses at a minimum) — 
Charge—355 kg 

Moist sand—279.8 kg 

Flask—75.2 kg 

Temperature attained at end of 7 hr heating in the 
atmosphere of the oven, 290C (554F); drying com- 
pleted at center. 





Comparison of Balance Sheets 
Energy Consumed (7 hr heating at 7.5 kwh = 860 x 7.5 «x 7 
= 45,150 cal) 


Heating in Heating in 


Atmosphere Totally 
Partially Confined 
Confined Atmosphere 
ee ae ’ Cal 
Evaporation of Moisture 14.07 kg 9,005 18.4kg 11,776 


135 C (275 F) 6,650 155 C (310 F) 7,058 
Mean Temp. Mean Temp. 
266 kg 261.4 kg 


Heating of Sand 


Heating of Flask 260 C (500 F) 4,136 290 C (554 F) 4,467 


Mean Temp. Mean Temp. 


Heat Utilized 


Heating of Drawers 671 725 


‘Total Heat Utilized 20,462 Cal 24,026 Cal 


Efficiency 45.3%, 53.2% 


The tightness at the door joints was therefore suffi- 
cient to increase the efficiency of heat utilization by 
7.9 per cent. 


(2) Balance Sheet for Drying of Cores 


(a) Balance sheet of heating 48 kg of core for 0.8 cu 
meter—starting cold—operating time 3 hr—effici- 
ency of utilization 24 per cent. 

(b) Oven of same charge with starting warm—oper- 
ating time 3 hr to 2 hr—efficiency of utilization of 
heat 33.2 per cent. 

Heating realized with greater charge density. 
(c) 110 kg of core for a useful volume of 1 cu meter 
starting cold—efficiency of utilization of heat 31.5 
per cent. 

(d) 75 kg of core for 1 cu meter—starting warm— 

34.1 per cent. 


Remarks 

1. For the balance sheet calculations above, we have 
included in the charge, the metal shelves of the oven 
which are charged cold with the cores. The tiered 
carriage which is not removed from the oven is not 
counted in the charge. 

2. It was estimated that the contribution of heat 
from the exothermic reaction of the binder oxidation 


Details of Balance Sheet Above 











Energy H E A 7, TSBet eae se Efficiency 
Consumed - — — ————$. ————_—_——— _ 
Evap. of Heating Heating . Total % 
Moisture Sand Racks cal 
48 kg—0.8m* 3 hr, 5.1% 
(60 kg/m‘) 7.5 kwh 992 cal 1717 cal 10% 
Start Cold 19,350 cal 1953 cal 4662 24 
60 kg/m* 2 hr, 1.2% 15.8% 16.2% 
Start Warm 7.5 kwh 150 cal 2040 cal 2090 cal 4280 $3.2 
12,900 cal 
110 kg/m? 31% hr, 1.9% 14.6% 15% 
Start Cold 12 kwh 704 cal 5280 cal 5408 cal 11,392 31.5 
36,120 cal 
75 kg/m* 2 hr, 23% 16.4% 15.4% 
Start Warm 12 kwh 480 cal 3375 cai 3185 cal 7040 $4.1 


20,640 cal 
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compensated for the loss of heat by the evaporation 
of the binder. 

3. The temperatures used for the calculation of the 
heating of the sand are the lowest temperatures eval- 
uated according to the curve of temperature variation 
in the depth of the sand. 

4. Finally, all of the balance sheets above have been 
set up for ovens operating with all dampers closed. 
If one had operated while partially opening the damp- 
ers, the heating time would have been appreciably 
increased—for example, for the first balance sheet of 
core baking the heating time would have gone from 
3 to 4 hr ata minimum and the efficiency from 24 per 
cent to 18 per cent. 
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DISCUSSION 


Chairman: O. J. Myers, Archer-Daniels-Midland Co., Minn 
apolis. 

Recorder: F. S. Brewster, Harry W. Dietert Co., Detroit. 

CHAIRMAN Myers: The general experience in this countr) 
does not agree with the authcrs’ statement that cores can be 
baked efficiently in a closed circuit oven. To summarize, some 
of the important points the author mentioned are: (1) The 
temperature of baking is the prime factor, (2) Cores can b« 
baked in super-heated steam, (3) Heat travels through a cor 
via the binder rather than from grain to grain, (4) Drying 
molds in super-heated steam is slower than in air but seems 
to eliminate cracking, (5) Sufficient oxygen is always present for 
the oxidation of the oils even in a closed circuit oven: 

How do the authors measure humidity in an oven? 

GerorGEs ULMER: By condensing the moisture from the quan 
tity of oven air as measured by a flow meter and then weighing 
the water. 

















EFFECTS OF MOLD MATERIALS ON LEAK TIGHTNESS 


AND MECHANICAL PROPERTIES OF 85-5-5-5 
AND 81-3-7-9 ALLOY CASTINGS 


By 


J. G. Kura* and L. W. Eastwood** 


Introduction 

The effects of mold materials on the quality of 
copper-base alloy castings are very important. Mold 
materials may be responsible, at least in part, for 
many casting defects, including buckles or rat tails, 
washes or cuts, rough surfaces, metal penetrations, 
and blowholes formed by the entrapment of mold 
gases in the metal in the casting. The present inves- 
tigation, however, is concerned with the effect of 
mold material on the absorption of gas by the melt 
poured into the mold cavity. This paper constitutes 
a progress report of a research project at Battelle 
Memorial Institute for the Brass and Bronze Ingot 
Institute, and the conclusions are not final. 

The effect of mold materials will be evaluated 
primarily by measurement of leak tightness, density, 
and mechanical properties. By these methods it is 
possible to measure the relative amounts of gas ab- 
sorption from the mold because the gas which is 
absorbed and later evolved during solidification forms 
unsoundness.!. This unsoundness not only reduces 
the density and mechanical properties, but also in- 
creases leakage. Although a relationship exists 
among soundness, density, and mechanical properties, 
apparent anomalies also exist. 

A previous article,? based on work conducted for 
the Brass and Bronze Ingot Institute, showed quite 
clearly that a mold which could be baked at 1600 F 
produced castings with the greatest degree of sound- 
ness and, consequently, the highest density and highest 
mechanical properties. Test-bar castings of 85-5-5-5 
alloy made in this mold material contained approxi- 
mately zero per cent voids. On the other hand, a 
synthetic green sand mold, prepared by bonding clean 
silica sand with 6.5 per cent fireclay and 2 per cent 
western bentonite with about 3 per cent water, pro- 
duced 1.3 per cent voids with the same metal. A nat- 
ural green sand mold produced 1.8 per cent voids on 
the average, whereas the synthetic sand baked at 450 





* Assistant Supervisor, Nonferrous Metallurgy, Battelle Me- 
morial Institute, Columbus, Ohio. 

** Formerly Supervisor at Battelle Memorial Institute, now 
Assistant Director of Research at Kaiser Aluminum & Chemical 
Corporation, Spokane, Washington. 
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F produced 2.2 per cent voids. These percentages 
are average valucs for a large number of heats and 
test bars. Although the synthetic green sand ranked 
second with respect to freedom from voids, it pro- 
duced the poorest tensile properties because local- 
ized unsoundness produced shoulder fractures. At a 
result, a synthetic sand with or without baking at 
450 F produced markedly lower properties than the 
natural grecn sand.* In turn, the properties of test 
bars made in the natural green sand were lower than 
those of test bars made in the refractory mold baked 
at 1600 F. 


Experimental Procedure 

The general experimental procedure included the 
preparation of molds of the various materials to be 
studied. The castings poured consisted of test bars 
and leak-test cylinders. Melts of 85-5-5-5 and 81-3-7-9 
alloys, prepared in various ways to provide melts of 
either high gas content or low gas content, were 
poured at one or more pouring temperatures. More 
detailed information on the various phases of the 
experimental procedure is presented in the follow- 
ing pages. 

Mold Materials: Five different mold materials were 
employed. A description of their compositions and 
properties is as follows: 

Calcined-Clay Mix: This mixture consisted of the 
following: 84.3 per cent calcined-clay particles; 4.9 
per cent ammonium acid phosphate; 1.4 per cent 150- 
mesh magnesia; 9.4 per cent water. 

The mix was mulled dry for 1 min and then mulled 
wet for 2 min. The mold was made and air dried for 
15 hr, oven baked at 1600 F for 1 hr, and cooled to 
and held at 400 F prior to being placed on the floor. 
The mold temperature was about 300 F at the time 
of pouring. The A.F.S. green permeability of this 
mix was 52, and its dry permeability was also 52. It 
had a green compressive strength of 5 psi and a dry 
compressive strength of 160 psi. 

Coated Sand: Silica sand particles coated with an 
organic material were mixed with 3.7 per cent west- 
ern bentonite and 4.5 per cent water. The A.F.S. 
green permeability was about 50, and the green com- 
pressive strength was 7 psi. 
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Green Synthetic Sand: The green synthetic sand 
consisted of 92.2 per cent southern silica sand, 3.8 per 
cent western bentonite, and 4 per cent water. The 
A.F.S. Grain Fineness Number of the silica sand was 
72. The mix was mulled dry for 3 min and the water 
was added to temper to produce a green compressive 
strength of 8 psi. A.F.S. green permeability was 58. 

Baked Synthetic Sand: This mixture was the same 
as the green synthetic sand. However, the molds were 
baked 15 hr at 450 F and then cooled to room temper- 
ature just prior to the time they were poured. 

Natural Green Sand Mix: This sand was a natural, 
clay-bonded Tennessee sand tempered with 6 per cent 
water. It was mulled wet for 4 min and had A.F.S. 
green permeability of 46, and a green compressive 
strength of about 9 psi. 

Test Castings: Only two different types of test cast- 
ings were poured. One type was a test bar similar to 
Fig. 3 of ASTM B208-49T. The other was a set of 
four leak-test cylinders on a plate, as illustrated by 
Fig. 1. These cylinders were machined all over, in- 
side and out, to the final dimensions shown by Fig. 2. 

Metal Composition: As indicated previously, 85-5-5-5 
and 81-3-7-9 alloys were investigated. Each heat of 
the alloys was analyzed and all were within the ASTM 
specification limits for these materials. Typical analy- 
sis of each alloy is as follows: 


Composition, per cent 
Alloy Cu Sn Pb Zn Fe Sb Ni ¥ 


5-5-5 845 4.7 56 429 0.10 O15 065 0.015 
81-3-7-9 805 3.1 67 89 0.20 0.20 0.40 0.015 











Melting Practice: Duplicate melts of each alloy were 
prepared by the following general procedures: 





PROPERTIES OF 85-5-5-5 AND 81-3-7-9 ALLOY CASTIN« 5 





1. A good melting practice which involved the use 
of a high-frequency induction furnace equipped wit): 
a silica crucible. Ingot metal was charged as the prv- 
viously charged ingots melted down. After heating 
to the desired temperature of about 125 F above the 
highest pouring temperature, the melt was skimme:|! 
prior to transferring it to a preheated pouring ladle. 
Zinc additions of approximately 114 per cent of the 
charge were made to compensate for zinc loss in 
either alloy, after which 2 oz of 15 per cent phospho: 
copper per 100 lb of melt was also added to the ladle 
during the transfer. No fluxes or glass covers were 
employed during the melting operation. The melting 
conditions were strongly oxidizing and the melts pro- 
duced were of high quality, i.e., they produced high- 
density castings and high test bar properties. 

2. The same procedure as described in Method No. 
1 was employed, except that the melt was kept cov- 
ered with a mixture of glass with sufficient borax 
added to maintain proper fluidity. This glass cover 
was maintained on the melt during the entire melting 
operation, and was transferred to the pouring ladle to 
prevent oxidation prior to casting. Zinc and phosphor- 
copper additions were made as described for Method 
No. I, except that the amount of zinc added was less. 
This melting procedure invariably produced melts of 
high gas content, because the melt did not contact 
the oxidizing atmosphere. The high-gas-content melts 
produced low density and low tensile properties. 

3. A gas-fired crucible tilting furnace was used in a 
manner quite similar to that described for Method No. 
1. An Orsat apparatus was used and the furnace was 
operated to maintain approximately 0.5 per cent oxy- 
gen in the flue gases. In one or two instances, a re- 
ducing flame was also used for making part or all of 





2" 1.0. fC) 


2. OD. 


25 1.0 
2B op 


SCALE: 


> 


tom gate. 





SPRIJE Mis DIAM. AT TOP, # DIAM. 
AT BOTTOM, 5° LONG ° 





GATE-1" WIDE, # DEEP — 
RUNNER—I3" LONG, = DEEP, |" WIDE 


Fig. 1—Leak-test casting, bot- 








R 
R. 





> PARTING 
“ LINE 


a 
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1 ABLE 1—AVERAGE TENSILE PROPERTIES AND DENSITY OF TENSILE BARS AND LEAK-TEst CYLINDERS OF 85-5-5-5 AL- 
| oY PREPARED IN HIGH-FREQUENCY INDUCTION FURNACE AND IN GAS-FIRED TILTING FURNACE AND CAST IN VARIOUS 
Mop MATERIALS 








Test bar poured at about 2245 F (+425, —30) 
Leak-Test Casting poured at about 2240 F (+30, —25) 





Poured at about 
2130 F (445,—15) 





























S Calcined Natural Baked Coated Green Avg. for 3 Coated Natural 
e Clay Green Synthetic Sand _ Synthetic Molds* Sand Green 
: eee ‘ite bived 
Heat A4726—Induction Furnace—No Cover 
Vensile strength, psi — 35,600 35,100 34,600 24,400 35,100 — —_ 
Flongation, % in 2 in. — 38.0 $2.4 28.4 9.3 32.8 — — 
n Density of test bar — 8.65 8.69 8.65 8.72 8.66 << —_ 
Density of leak-test cylinder — 8.64 8.72 8.48 8.60 8.61 — 8.88 
Heat A4728—Induction Furnace—No Cover 
Tensile strength, psi 37,700 — 35,400 — 35,400 — — 
Flongation, % in 2 in. 39.0 — 35.3 -- — 35.3 — -- 
4 Density of test bar 8.87 — 8.68 — — 8.68 — ~ 
)- Density of leak-test cylinder 8.79 — 8.58 8.73 8.66 8.65 8.90 8.72 
° Average of Heats A4726 and A4728 
Tensile -strength, psi 37,700 35,600 35,200 34,600 24,400 35,200 — — 
Elongation, % in 2 in. 39.0 38.0 33.8 28.4 9.3 33.5 — — 
Density of test bar 8.87 8.65 8.68 8.65 8.72 8.66 os ~- 
Density of leak-test cylinder 8.79 8.64 8.65 8.60 8.63 8.63 8.90 8.80 
. Heat A4727—Induction Furnace—Glass Cover 
, rensile strength, psi 37,500 a 33,400 - 23,800 33,400 sie ~ 
4 Elongation, % in 2 in. 41.3 _ 31.8 — 9.0 31.8 — — 
) Density of test bar 8.90 — 8.62 — 8.69 8.62 -— — 
: Density of leak-test cylinder 8.78 — 8.53 — 8.60 8.53 8.81 8.72 
Heat A4729—Induction Furnace—Glass Cover 
Tensile strength, psi 37,200 35,400 32,400 34,300 27,400 34,000 - — 
: Elongation, % in 2 in. 45.7 34.2 28.2 30.3 15.3 30.9 — — 
f Density of test bar 8.88 8.57 8.54 8.63 8.66 8.58 a“ _ 
t Density of leak-test cylinder 8.76 8.72 8.37 8.32 8.58 8.47 8.86 8.80 
; Average of Heats A4727 and A4729 
Tensile strength, psi 37,400 35,400 32,900 34,300 26,200 33,800 — — 
Elongation, % in 2 in. 43.5 34.2 30.4 30.3 13.2 31.3 — — 
Density of test bar 8.89 8.57 8.58 8.63 8.68 8.59 — — 
Density of leak-test cylinder 8.77 8.72 8.45 8.32 8.68 8.48 8.88 8.76 
Heat A4950—Gas-Fired Furnace—Oxidizing Flame 
Tensile strength, psi 38,600 32,400 $1,200 31,900 17,600 $1,800 — — 
Elongation, % in 2 in. 45.4 27.2 21.0 20.6 2.6 22.9 — — 
Density of test bar 8.90 8.69 8.39 8.72 8.45 8.60 — — 
Density of leak-test cylinder 8.87 8.64 8.09 8.48 _ 8.40 8.82 8.85 
Heat A4952—Gas-Fired Furnace—Oxidizing Flame 
Tensile strength, psi 38,800 33,000 $2,500 31,600 —_ 32,400 - — 
Elongation, % in 2 in. 41.4 21.1 23.8 21.0 — 22.3 — — 
Density of test bar 8.89 8.61 8.60 8.49 8.55 8.57 — — 
Density of leak-test cylinder 8.82 8.49 8.62 8.45 8.55 8.52 8.77 8.76 
Average of Heats A4950 and A4952 
Tensile strength, psi 38,700 32,700 $2,100 31,800 17,600 32,200 -- —- 
Flongation, % in 2 in. 43.0 24.2 22.9 20.8 2.6 22.6 —_ — 
Density of test bar 8.90 8.65 8.50 8.60 8.50 8.58 — _ 
Density of leak-test cylinder 8.84 8.56 8.36 8.46 8.55 8.46 8.80 8.80 
Heat A4951—Gas-Fired Furnace—Oxidizing Followed by Reducing Flame 
Tensile strength, psi 37,800 32,500 31,500 31,000 20.800 31,700 — — 
Elongation, % in 2 in. 42.2 25.7 26.9 19.3 6.5 24.0 — —_ 
Density of test bar 8.90 8.62 8.50 8.43 8.55 8.52 — _— 
Density of leak-test cylinder 8.90 8.54 8.43 8.02 8.37 8.33 8.74 8.39 
Heat A4933—Gas-Fired Furnace—Reducing Flame 
Tensile strength, psi — 31,000 23,500 — 20,400 27,200 — 
Elongation, % in 2 in. — 22.6 13.9 — 7.9 18.2 — — 
Density of test bar —_ 8.51 8.06 — 8.27 8.29 — _— 
Density of leak-test cylinder — 8.38 8.01 8.01 8.45 8.14 — 8.87 
Average of Heats A4951 and A4933 
Tensile strength, psi 37,800 31,750 27,500 31,000 20,700 29,900 — — 
Elongation, % in 2 in. 42.2 24.2 20.4 19.3 7.0 21.7 — — 
Density of test bar 8.90 8.56 8.28 8.43 8.46 8.42 — — 
Density of leak-test cylinder 8.90 8.46 8.23 8.02 8.41 8.2 8.74 8.58 
Average of All Heats 
ensile strength, psi 37,800 31,600 31,900 32,500 25,200 32,400 - an 
Elongation, % in 2 in. 42.3 28.1 26.4 23.2 9.1 26.5 —_— _ 
Density of test bar 8.89 8.61 8.51 8.58 8.56 8.56 _— aia 
Density of leak-test cylinder 8.82 8.57 8.42 8.36 8.54 8.44 8.82 8.75 





foundry practice. 


* Average data obtained on castings poured in natural green 
sand, synthetic baked sand, and coated sands only. Data on other 
two mold materials not considered to be representative of usual 


Nore: Exclusion of castings poured outside of the indicated 
temperature ranges accounts for the apparent absence of data 
in many of the columns. 











































Table 1. 
Pouring Temperatu 


in degrees F: 


Test-Bar Molds, 
(All 5 Mold 
Materials) 


Alloy “Max. Avg. 


Min. 
























































































































































res: 


the melt, as indicated by the explanatory data in 


The 85-5-5-5 alloy and 81- 
3-7-9 alloy melts were poured into test-bar and into 
leak-test molds at the following pouring temperatures 


Leak-Test Molds 


All 5 Mold 
Materials 


Max. “Avg. } Min. 


Natural Green 
Sand & Coated 
Sand Only 


Max. 





Avg. Min. 








5-5-5-5 2270 2245 2215 
1-3-7-9 2060 2035 2020 


2270 2240 2205 
2060 2030 2005 


2130 2115 
2140 2110 


2175 
2150 









Testing: The tensile-test bars were sandblasted and 
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PROPERTIES OF 85-5- 


5-5 AND 81-3-7-9 ALLoy CASTIN«, 





Fig. 3—Effect of mold materia! 
on the tensile properties and 
density of 85-5-5-5 alloy cast- 
ings poured at about 2240 F. 
(Average values obtained from 
eight 300-Ib melts varying from 
very good to very poor 
quality.) 


Fig. 4—Effect of mold material 
on the tensile properties and 
density of 81-3-7-9 alloy cast- 
ings poured at about 2030 F. 
(Average values obtained from 
six 300-lb melts varying from 
very good to very poor 
quality.) 


machined to standard 0.505-in. threaded test bars with 


a 2-in. gage section, 


the densities determined, and 


then tensile strength and per cent elongation meas- 


ured. 


The leak-test castings were sandblasted, and 


machined inside and out to the dimensions illustrated 


by Fig. 2 and the densities determined. 


Then the 


machined leak-test castings were leak tested up to 
1300 psi. This was accomplished by connecting a tank 
of nitrogen to the interior of the casting to apply in- 


ternal pressure while 
water. 
was determined. 
castings, 85-5-5-5 alloy 


the casting was submerged in 


The pressure at which leaks were first noted 
After this operation, representative 


only, were radiographed and 


examined metallographically to determine the cause 


of leakage. 
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‘1 \BLE 2—AVERAGE TENSILE PROPERTIES AND DENSITY OF TENSILE BARS AND LEAK-TEsT CYLINDERS OF 81-3-7-9 AL- 


roY MELTs PREPARED IN H1IGH-FREQUENCY INDUCTION FURNACE AND IN GAS-FIRED TILTING FURNACE AND CAST IN 
Various Moip MATERIALS . 





Test bar poured at about 2085 F (+425, —15) 
Leak-Test Casting at about 2030 F (430, —25) 


Poured at about 
2140 F (410, —30) 


























Calcined Natural Baked Coated Green Avg. for 3 Coated Natural 
Clay Green Synthetic Sand Synthetic Molds* Sand Green 

Heat A5893—Induction Furnace—No Cover 
Tensile strength, psi 34,800 30,100 33,800 27,600 27,600 31,100 _- — 
Elongation, % in 2 in. 33.4 21.5 $2.5 16.0 16.0 24.8 —_ _ 
Density of tensile bar 8.88 8.77 8.82 8.81 8.79 8.81 — _ 
Density of leak-test cylinder 8.80 8.73 8.81 8.73 8.79 8.77 8.52 8.54 
Heat A5991—Induction Furnace—No Cover 
Tensile strength, psi 34,400 32,600 34,000 25,600 28,800 30,700 — — 
Elongation, % in 2 in. 31.9 25.8 30.0 12.5 16.5 22.8 — _ 
Density of tensile bar 8.88 8.87 8.82 8.84 8.84 8.84 _ _— 
Density of leak-test cylinder 8.84 8.78 8.84 8.76 8.78 8.79 — _ 
Average of Heats A5893 and A5991 
Tensile strength, psi 34,600 31,400 33,900 26,300 28,400 30,900 —_ - 
Flongation, % in 2 in. 32.6 23.6 $1.2 13.7 16.3 23.7 — — 
Density of tensile bar 8.88 8.82 8.82 8.82 8.82 8.82 — _ 
Density of leak-test cylinder 8.82 8.76 8.82 8.74 8.78 8.78 8.49 8.53 
Heat A5922**—Gas-Fired Furnace—Reducing, Followed by Oxidizing Flame 
rensile strength, psi 33,900 _ _ oe - — _ _— 
Elongation, % in 2 in. 29.5 — _ — — -- _— 
Density of tensile bar 8.82 —_ — ee — _- ai _ 
Density of leak-test cylinder 8.79 8.50 —_— — —_ 8.50 8.38 — 
Heat A5923—Gas-Fired Furnace—Oxidizing Flame 
lensile strength, psi 33,800 31,500 29,200 23,900 20,900 29,060 = * 
Elongation, % in 2 in. 30.6 22.5 21.5 10.0 9.0 19.6 —_ — 
Density of tensile bar 8.84 8.66 8.59 8.45 8.54 8.57 — - 
Density of leak-test cylinder 8.85 8.62 8.72 8.66 8.56 8.67 8.32 8.43 
Average of Heats A5922 and A5923 
Tensile strength, psi 33,800 $1,500 29,200 23,900 20,900 29,060 — — 
Elongation, % in 2 in. 29.8 22.5 21.5 10.0 9.0 19.6 — — 
Density of tensile bar 8.83 8.66 8.59 8.45 8.54 8.57 — -- 
Density of leak-test cylinder 8.82 8.56 8.72 8.66 8.56 8.58 8.35 8.43 
Heat A5892—Induction Furnace—Glass Cover 
Tensile strength, psi 31,800 22,000 25,900 19,000 18,700 23,200 — _ 
Elongation, % in 2 in. 24.4 12.0 16.5 8.0 7.8 13.2 — — 
Density of tensile bar 8.84 8.56 8.55 8.53 8.52 8.55 —- — 
Density of leak-test cylinder 8.80 8.45 8.56 8.51 8.35 8.51 8.22 8.30 
Heat A5990—Induction Furnace—Glass Cover 
Tensile strength, psi 28,800 14,400 21,000 14,400 11,900 15,700 _ — 
Elongation, % in 2 in. 18.4 5.0 13.0 6.5 3.8 7.2 —_— a 
Density of tensile bar 8.74 8.38 8.25 8.22 8.44 8.28 — -— 
Density of leak-test cylinder 8.75 8.32 8.33 8.21 8.30 8.28 8.00 8.16 
Average of Heats A5892 and A5990 
rensile strength, psi 30,300 16,900 24,300 15,900 15,300 19,000 - aie 
Elongation, % in 2 in. 21.4 73 15.3 7.0 5.8 9.9 — — 
Density of tensile bar 8.79 8.47 8.40 8.38 8.48 8.41 — — 
Density of leak-test cylinder 8.77 8.38 8.44 8.36 8.32 8.39 8.11 8.23 
Average of All Heats 
rensile strength, psi 32,900 26,600 29,600 21,500 20,900 26,300 _ om 
Elongation, % in 2 in. 27.8 18.0 23.8 10.3 10.0 17.9 — — 
Density of tensile bar 8.83 8.65 8.61 8.57 8.63 8.61 — _— 
Density of leak-test cylinder 8.80 8.57 8.66 8.57 8.56 8.59 8.32 8.39 


* Average data obtained on castings poured in natural green 
sand, synthetic baked sand, and commercial coated sands only. 
Data on other mold materials not considered to be representa- 
tive of usual foundry practices. 


** Exclusion of castings poured outside of the indicated tem- 
perature ranges accounts for the apparent absence of data for 
this heat. 





Effects of Mold Materials on Tensile Properties 
and Density 
Table 1 and Fig. 3 show the effects of mold mate- 
rial on the average tensile properties and the average 
density of tensile-test bars and leak-test cylinders of 
85-5-5-5 alloy. The average data are for individual 
heats varying widely in quality. They were prepared 
the high-frequency induction furnace and in the in 


gas-fired tilting furnace, as shown by the information 
in the table, and then cast into the various mold mate- 
rials at the average temperatures indicated. Table 2 
and Fig. 4 show similar data on 81-3-7-9 alloy. 

The high tensile properties and densities obtained 
in the calcined-clay mold baked at 1600 F and cooled 
to about 300 F before pouring are outstanding. The 
reason, of course, is that the melts of either alloy 
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poured into this inert mold material absorb little or 
no gas. 

The outstanding feature of the data represented by 
Fig. 3 is the extremely low tensile properties obtained 
with 85-5-5-5 alloy cast in the green synthetic sand, 
despite the fact that fairly satisfactory density values 
were obtained. Test bars made in this mold material 
invariably fractured in the shoulder. Metallographic 
examination and density determinations made on sec- 
tions along the length of the test bar showed that there 
was localized unsoundness in the shoulder where frac- 
ture occurred. Such a localized defect did not, ap- 
parently, reduce the density appreciably. Of the mold 
materials tested, the synthetic green sand also pro- 
duced the lower tensile properties obtained with 81- 
3-7-9 alloy. 

The occurrence of localized unsoundness in test 
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Fig. 5—Effect of melting prac- 

tice on tensile properties and 

density of 85-5-5-5 alloy cast- 

ings poured at about 2240 F. 

(Average results obtained in 

three different mold materials. 
See text.) 
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bars cast in synthetic green sand has been observed 
earlier.2, The mechanism by which this mold material 
produces the defect is not known. Although it may be 
possible to produce satisfactory castings in synthetic 
green sand, the leak-test data discussed later indicate 
that, at least with the type of sand used in this investi- 
gation, leaky castings are usually obtained. 








Effects of Melting Practices on Tensile Property 
and Density 


The effects of melt quality on the tensile proper- 
ties have been evaluated by taking the average values 
obtained on castings poured into natural green sand, 
the coated sand, and the baked synthetic sand only. 
The use of the other two mold materials, calcined 
clay baked at 1600 F and green synthetic sand, was 
not considered to be representative of usual foundry 









DENSITY 


Fig. 6—Effect of melting prac- 
tice on tensile properties and 
density of 81-3-7-9 alloy cast- 
ings poured at about 2030 F. 
(Average results from dupli- 
cate melts poured into three 
different mold materials. See 
text.) 
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practice. Actually, the coated sand is not commonly 
used in brass and bronze foundries. Except for the 
nsile properties with 81-3-7-9 alloy, the results ob- 
tained with the coated sand were fairly close to those 
obtained in natural green sand. The data obtained 
with the coated sand were, therefore, included in 
the average. 

The effects of melting practice on the tensile prop- 
erties and density of 85-5-5-5 alloy are illustrated by 
Fig. 5. The tensile properties and density obtained by 
melts prepared in the high-frequency induction fur- 
nace under a glass cover are somewhat higher than 
normally obtained. In order to produce melts of high 
eas content by this method, it is necessary to keep 
the melts carefully covered during the melting oper- 
ation, and then transfer the cover to the pouring 
ladle and pour from beneath it. Failure to do this 
probably accounts for the fact that the properties and 
densities of the test bars are higher than those nor- 
mally obtained. 

Figure 6 shows the effect of melting practice on the 
tensile strength, per cent elongation, per cent voids, 
and density of 81-3-7-9 alloy castings. Melting in the 
high-frequency induction furnace, employing a glass 
cover, produced the low-quality melts that are usually 
obtained by this melting method. For the reasons 
cited previously, the effect of melting practice is 
based on the average results obtained from the three 
mold materials only. 

The leak-test cylinders were tested at pressures up 
to 1300 psi. The testing pressure at which leakage 


COA NATURAL 


NATURAL 4 
GREEN CALCINED 


—-— CAST AT 2130°F. 
—— CAST AT 2240°F. 
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TESTING PRESSURE, RS.1I. 





10 20 30 40 


PERCENTAGE OF LEAKERS 


Fig. 7—Effect of mold material on the percentage of 

machined cylinders of 85-5-5-5 alloy which leaked at 

various testing pressures. Each curve for low pouring 

temperature represents the average of 19 to 31 cyl- 

inders; at high pouring temperature, 19 to 32 cylinders. 

Eight melts are represented, varying in quality from high 
to very poor. 
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was produced versus the percentage of leakers is 
plotted in Figs. 7, 8, 9, and 10. These charts show the 
effects of melting practice and mold material on the 
percentage of leakers obtained. It should be empha- 
sized, of course, that the castings were machined in- 
side and out and on both ends prior to testing. Be- 
cause the exterior of the casting is generally sounder 
than the interior, the removal of the exterior of the 
casting will, of course, greatly accentuate the tendency 
to leak. 
Effects of Melting Practice and Mold Material 
on Leak Tightness 


= 


85-5-5-5 Alloy: Figure 7 shows the effects of mold 
material on the occurrence of leakage in 85-5-5-5 alloy 
cylinders poured at high and medium pouring tem- 
peratures. Data from eight melts varying in quality 
from very good to poor are illustrated. The occur- 
rence of leakage is greatly reduced at the lower pour- 
ing temperature. It will also be noted that the coated 
sand molds produced zero per cent leakers at 1300 
psi when the pouring temperature was approximately 
2130 F, whereas natural green sand produced 35 per 
cent leakers at a testing pressure of 1300 psi under 
similar pouring conditions. At the higher pouring 
temperature, the coated sand is again slightly superior 
to natural green sand. In general, the mold materials 
for 85-5-5-5 alloy may be rated on the basis of tensile 
properties, density, and tendency to form leakers as 
follows: 


On the Basis of 
Per Cent Leakers 


On the On the Basis Obtained at 1300 

Basis of of Density of psi on Castings 

Tensile Leak-Test Poured at High 
Rating Strength Cylinders Temperatures 
Best Calcined clay Calcined clay Calcined clay 


Coated sand, 
baked synthetic Coated sand, 
sand, and Natural green baked synthetic 
natural green sand and green sand, and natural 
sand synthetic sand green sand 


Poorest Green synthetic Baked synthetic Green synthetic 
sand sand and sand 
coated sand 





Figure 8 shows the effect of melting practice on the 
occurrence of leakers when the 85-5-5-5 alloy cylinders 
are poured into the various mold materials at a high 
and at a medium pouring temperature. As indicated 
by Table 1, the melts were prepared under the fol- 
lowing conditions: 

1. Duplicate heats in a high-frequency induction 
furnace without employing a liquid-glass cover. 

2. Duplicate heats in a high-frequency induction 
furnace, employing a liquid-glass cover. 

3. Duplicate heats in a gas-fired furnace, employ- 
ing an oxidizing flame. 

4. Duplicate heats in a gas-fired furnace, finished 
under reducing conditions. 

In general, the melt quality decreased and the gas 
content increased in the above order, as indicated by 
the tensile properties and density data presented in 
Fig. 5. It will be noted in Fig. 8 that the tendency 
to form leakers in castings poured at 2235 F is also in 
the above order, indicating that, as the gas content of 
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the melt increases, the tendency to form leakers also 
increases. It should be emphasized, however, that a 
reversal may be expected when melts of very low gas 
content are employed, if low pouring temperatures 
are used, and the castings are not well fed. Melts of 
low gas content poured at low temperature are more 
apt to form localized shrinkage which, in turn, will 
accentuate the occurrence of leakers. 

It may be safely assumed that duplicate melts pre- 
pared in the high-frequency induction furnace with- 
out a cover closely approach the optimum gas con- 
tent to provide a minimum of leakers. All the other 
melting methods, however, produce gas contents 
which are higher than the optimum for the produc- 
tion of a minimum percentage of leakers. 

81-3-7-9 Alloy: Figure 9 shows the effects of mold 
material on the occurrence of leakers in 81-3-7-9 al- 
loy. It will again be noted that the castings poured 
in the higher temperature range were characterized by 
a very much higher percentage of leakers than those 
poured at the lower temperature. 

The mold materials for 81-3-7-9 alloy may be rated 
according to the three criteria as follows: 


On the Basis of 
Per Cent Leakers 


On the On the Basis Obtained at 1300 

Basis of of Density of psi on Castings 

Tensile Leak-Tcst Poured at Low 
Rating Strength Cylinders Temperatures 





Best Calcined clay Calcined clay 
Baked Calcined clay Baked synthetic 
synthetic sand Baked synthetic sand, coated sand, 
and natural sand and natural green 
green sand sand 





Coated and Coated sand, Green synthetic 
green natural green sand 
synthetic sands sand, and green 
synthetic sand 


Poorest 





It will be noted from the above that, with respect 
to leak tightness, coated sand again is slightly superior 
to the natural green sand. A fair, though not perfect, 
correlation is obtained with the tensile properties of 
separately cast test bars. The ratings of mold mater- 
ials on the basis of density of the leak-test castings 
again correlate only in a general way with either of 
the other two criteria for rating the mold materials. 

It will also be noted that the baked synthetic sand 
rates higher in respect to the attainment of leak 
tightness, as well as high tensile properties, when the 
alloy is 81-3-7-9 instead of 85-5-5-5. Such a difference 
in the results obtained with the two alloys in baked 
synthetic sand would hardly be expected. It is not 
known whether or not the difference in the results ob- 
tained with the two alloys in this mold material is 
real, or whether it is a result of an uncontrolled varia- 
tion during the conduct of the experimental work. 

Figure 10 illustrates the effects of melting prac- 
tice on the occurrence of leakers. By comparing the 
trends shown in Fig. 10 with those shown in Fig. 6, 
it is noted that as the gas content of the melt in- 
creases the occurrence of leakers increases. 

Causes cf Leakage: Several representative 85-5-5-5 
alloy cylinders were radiographed, and sections cut 
from the castings were examined under the micro- 
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scope to determine the cause of leakage. Metallv- 
graphic specimens were cut from leaky castings and , 
section polished near the location of the leak. Figures 
11 to 20 illustrate the results obtained by this study. 
Of the ten castings illustrated, only one shows som 
shrinkage, but this defect did not cause a leak in this 
instance. The leaks in all of the castings examine! 
were caused by microporosity. 

Microporosity and shrinkage cavities differ in de- 
gree. Microporosity is generally distributed and is in- 
itiated by shrinkage and accentuated by gas evolu- 
tion.* Shrinkage cavities are coarser defects than mi- 
croporosity and are associated with lack of adequate 
feeding. Furthermore, shrinkage is accentuatcd by de- 
creasing pouring temperature, whereas microporosity 
is decreased by decreasing pouring temperature. 


Pouring Temperature and Microporosity 

All of the 85-5-5-5 alloy castings examined were 
poured at relatively high temperatures. As would be 
expected, therefore, microporosity was far more of a 
problem than shrinkage. Had the pouring tempera- 
ture been low, on the order of 2050 F, much less 
microporosity would have been encountered but more 
shrinkage would have occurred. It has already been 
seen, however, that the low pouring temperatures 
favor the production of ieak-tight castings. 

It should also be noted that dross and trapped gas 
bubbles did not appear in any of the radiographs. 
The absence of these defects is a direct result of the 
bottom gating technique, which prevented excessive 
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PERCENTAGE OF LEAKERS 


Fig. 8—Effect of melting practice on the percentage of 
machined cylinders of 85-5-5-5 alloy which leaked at 
various testing pressures. Each curve for low pouring 
temperature represents the average of eight to 22 cylind- 
ers cas‘ in coated sand and natural green sand; at high 
pouring temperature 12 to 23 cylinders cast in coated 
sand, natural green, and baked synthetic sand. 
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turbulence during the pour.’ The cause of leakage in 
e 81-3-7-9 alloy castings was not determined. 


Summary 


Eight 300-lb heats of 85-5-5-5 alloy and six 300-lb 
heats of 81-3-7-9 alloy were prepared by various meth- 
ods to produce melt qualities varying from very good 
to very poor. The 14 melts were cast into test bars and 
into leak-test cylinders, four per mold, employine 
the following mold materials: 

1. Calcined clay baked at 1600 F and cooled to 
300 F prior to pouring. 

2. Natural green sand. 

3. A coated sand. 

4. Synthetic sand bonded with bentonite and 
baked at 450 F. 

5. Green synthetic sand bonded with bentonite. 

Probably because of the nearly complete absence 
of gas absorption from the mold, the inert calcined- 


‘ clay mold produced test specimens having the highest 


tensile properties, and leak-test cylinders having the 
highest density and the lowest percentage of leakers. 
The mold materials were rated on the basis of ten- 
sile properties, density of leak-test castings, and the 
percentage of leakers obtained in the various mold 
materials. The three criteria were in general agree- 
ment, but did not agree precisely. Based on the oc- 
currence of leakers at a testing pressure of 1300 psi. 
the following is the order of decreasing merit of the 
five mold materials for the 85-5-5-5 and 81-3-7-9 alloys: 


Fig. 9—Effect of mold material on the percentage of 
machined cylinders of 81-3-7-9 alloy which leaked at 
various testing pressures. Each curve for low pouring 
temperature represents the average of 17 to 22 cylinders; 
at high pouring temperature, 20 to 24 cylinders. Six 
melts are represented, varying in quality from high to 
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Fig. 10—Effect of melting practice on the percentage of 
machined cylinders of 81-3-7-9 alloy which leaked at 
various testing pressures. Each curve for low pouring 
temperature represents the average of 12 to 24 cylinders 
cast in coated sand, natural green sand, and baked syn- 
thetic sand; at high pouring temperature, 12 to 16 cyl- 
inders cast in coated sand and natural green sand. 
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X-ray and metallographic examinations have shown 
that the cause of leakage in the 85-5-5-5 alloy cylinder 
poured at a high temperature is primarily microporos- 
ity. Trapped gas holes and dross did not occur be- 
cause the bottom gating technique was used. Shrink- 
age, as a defect, was not important because of the 
high pouring temperatures employed. 

On the other hand, the occurrence of microporosity 
in the 85-5-5-5 alloy castings was accentuated consid- 
erably by high pouring temperatures and by the em- 
ployment of melting practices which do not provide 
for strongly oxidizing conditions during the prepara- 
tion of the melt. The cause of leakers in the 81-3-7-9 
alloy castings poured «t a low temperature was not 
determined. In all probability, however, the causes 
were shrinkage anc microporosity. 

The results show that melts prepared under reduc- 
ing conditions produce fairly sound castings in the 
calcined clay, whereas the same metal produces ex- 
tremely unsound castings in the other four mold ma- 
terials. This may be rationalized by assuming that 
both oxygen and hydrogen are absorbed from the 
water vapor formed in all but the calcined-clay 








Fig. 11 (lett)—Radiograph (1 
X) and photomicrograph (20 
X); alloy 85-5-5-5; cylinder 
No. A-4728D1*; melting meth- 
od, high-frequency induction, 
no cover; mold material, coat- 
ed sand; pouring temperature, 
2240 F; density of cylinder: 
8.72 grams per cc; leaks, none; 
section photomicrographed, 
top, Quadrant 3. In this and 
all of the following radio- 
graphs the top of the radio- 
graph represents the top of 
the casting, and the four 
quadrants are numbered 1 to 
4, clockwise, No. 1 being the 
quadrant to which the bottom 
gate is attached (Fig. 1). The 
radiograph shows unsoundness 
at the tops of the third and 
fourth quadrants. A stringer 
of shrinkage is also present, 
but this cylinder did not leak. 
Obviously, the defects did not 
pass all the way through the 
section. The rounded gasholes 
shown by the photomicrograph 
are fairly typical of castings 
made in the commercial coai- 
ed sand, but such rounded gas- 
holes are not likely to cause 
leakage. This may account for 
the relatively good showing of 
this mold material from the 
standpoint of the production 
of leak-tight castings, despite 
the low density and tensile 
properties produced as a re- 
sult of the considerable gas 
absorbed from the mold. 


Fig. 12 (right)—Radiograph 
(1X) and photomicrograph 
(20X ); alloy 85-5-5-5; cylinder 
No. A-4729 14; melting meth- 
od, high-frequency induction 
furnace, liquid-glass cover; 
mold material, coated sand; 
pouring temperature, 2210 F; 
density of cylinder, 8.06; leaks, 
7 at 5 psi pressure, bottoms 
of Quadrants 1, 2, and 4, and 
top of Quadrant 2; section 
photomicrographed, bot tom, 
Quadrant 1. The radiographs 
show extremely heavy, gen- 
erally distributed microporos- 
ity which is the cause of the 
leaks. The microporosity is so 
coarse that it borders on pin- 
hole type of porosity, as shown 
by the photomicrograph. The 
extreme unsoundness is a re- 
sult of the high gas content of 
the melt in the pouring ladle 
and the considerable gas ab- 
sorption from the coated sand 
mold. 

* The last number indicates the 
position of the cylinder in the 
casting (Fig. 1). 
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Fig. 13 (left)—-Radiograph (1 
X) and photomicrograph (20 
X); alloy 85-5-5-5; cylinder 
No. A-4950 B1; melting meth- 
od, gas-fired furnace, oxidiz- 
ing flame; moid material, cal- 
cined clay baked at 1600 F 
and cooled to 300 F prior to 
pouring; pouring temperature 
2270 F; density of cylinder, 
8.86; leaks, 1 at 10 psi pres- 
sure, bottom of Quadrant 1; 
section photomicrographed, 
bottom Quadrant 1. The ra- 
diograph shows this to be a 
relatively sound casting with 
a small amount of microporos- 
ity in Quadrant 1 adjacent to 
the gate. This unsoundness 
caused the one leak. The elon- 
gated microporosity extending 
almost all the way across the 
section is shown by the pho- 
tograph of a section adjacent 
to the gate. Despite the fact 
that this is an inert mold, a 
small amount of gas evolution 
or perhaps inadequate feeding 
caused the formation of micro- 
porosity adjacent to the gate, 
which, in turn, caused the 
single leak. The fine, dark 
particles shown in all of the 
photomicrographs are lead. 


Fig. 14 (right)—Radiograph 
(1X) and photomicrograph 
(20X); alloy 85-5-5-5; cylin- 
der No. A-4727 B3; melting 
method, high-frequency induc- 
tion furnace, liquid-glass cov- 
er; mold material, calcined 
clay baked at 1600 F and 
cooled to 300 F prior to pour- 
ing; pouring temperature, 2240 
F; density, 8.81; leaks, none; 
section photomicrographed, 
bottom Quadrant 1. As would 
be expected with this mold 
material, the radiograph again 
shows a fairly sound casting 
with some microporosity ad- 
jacent to the gate at the bot- 
toms of Quadrants 1 and 4. 
The microporosity, however, 
did not cause any leakage, 
even at 1300 psi. As com- 
pared with Fig. 13, this melt- 
ing method has produced 
slightly more microporisty, as 
would normally be expected. 
The microporosity observed in 
this cylinder and in Fig. 13 
arises from the evolution of a 
small amount of gas during 
solidification. The gas, how- 
ever, was in all probability in 


(Fig. 14 caption continued on 


following page.) 
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(Fig. 14 caption continued from 
preceding page.) 


the metal in the pouring ladle 
and probably was not ab- 
sorbed from this inert mold. 
The photomicrograph of a sec- 
tion cut from the bottom of 
Quadrant 1 adjacent to the 
gate shows fine, angular, more 
or less connected microporos- 
ity. Leakage did not occur be- 
cause the microporosity was 
not continuous across the 
section. 


Fig. 15 (left)—Alloy 85-5-5-5; 
cylinder No. A-4951 K3; melt- 
ing method, gas-fired furnace, 
oxidizing and then a reducing 
flame; mold material, natural 
green sand; pouring tempera- 
ture, 2225 F, density, 8.59; 
leaks, 15 at 1300 psi pressure, 
bottom and top of Quadrant 
3; section photomicrographed, 
top Quadrant 3. The radio- 
graph (1X) shows some mi- 
croporosity in the area adja- 
cent to the gate (Quadrant 
1), and more _ concentrated 
microporosity in the upper 
right portion of Quadrant 3 
where the leaks occurred. The 
photomicrograph (20X) oft 
this section shows the occur- 
rence of the angular, more or 
less connected microporosity, 
some of which apparently ex- 
tends all the way across the 
section of the casting, causing 
leakage. 





Fig. 16 (right)—Alloy 85-5- 
5-5; cylinder No. A-4728-]1; 
melting method, high-frequen- 
cy induction furnace, no cover; 
mold material, natural green 
sand; pouring temperature, 
2165 F; density, 8.68; leaks, 
3 at 25 psi pressure, bottoms 
of Quadrants 3 and 4; section 
photomicrographed, bottom 
Quadrant 3. The radiograph 
(1X) shows fairly heavy mi- 
croporosity in the region to 
one side of the gate. The leaks 
occurred in this area. The na- 
ture of the microporosity in 
the leaky area is shown by 
the photomicrograph (20X). 





STING 








Fig. 17 (left)—Alloy 85-5-5-5; 
cylinder No. A-4728 J2; melt- 
ing method, high-frequency in- 
duction furnace, no _ cover; 
mold material, natural green 
sand; pouring temperature, 
2165 F; density 8.76; leaks, 
none; section photomicro- 
graphed, bottom Quadrant 3. 
This casting was made in the 
same mold as the one shown 
in Fig. 16. The microporosity 
is much finer, as shown by the 
radiograph (1X) and the pho- 
tomicrograph (20X ). This fine 
microporosity apparently does 
not extend all the way across 
the section of the casting and 
did not cause a leak. 


Fig. 18 (right)—Alloy 85-5- 
5-5; cylinder No. A-4933 G2; 


melting method, gas-fired fur- 
nace, reducing flame; mold 
material: green synthetic sand; 
pouring temperature, 2250 F; 
density, 8.72; leaks, 1 at 5 
psi pressure, top Quadrant 2; 
section photomicrographed, 
top Quadrant 2. This melt, 
made under reducing condi- 
tions in the gas furnace, has 
a high gas content which, in 
turn, has contributed to the 
large volume of microporosity 
shown in the radiograph (1X) 
and in the photomicrograph 
(20X ). As expected, the micro- 
porosity is most pronounced 
in the region adjacent to the 
gate. The section represented 
by the photomicrograph was 
cut from a location adjacent 
to the leak which, however, 
was not in the region of heavi- 
est microporosity. 
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Fig. 19 (left)—Alloy 85-5-5-5; 
cylinder No. A-4933 G4; melt- 
ing method, gas-fired furnace, 
reducing flame; mold material, 
green synthetic sand; pouring 
temperature, 2250 F; density, 
8.18; leaks, 1 at 5 psi pres- 
sure, top Quadrant 3; section 
photomicrographed, top Quad- 
rant 3. Castings made in the 
same mold may vary in sound- 
ness. The cause of this dif- 
ference is not known. Cylind- 
ers shown in Figs. 18 and 19 
were made in the same mold. 
The greater degree of un- 
soundness and lower density 
(Fig. 19) are quite apparent. 
Extremely heavy microporos- 
ity, distributed throughout the 
section and somewhat coarser 
in the area adjacent to the 
fate is evident in the radio- 
graph (1X). The photomicro- 
graph (20X) shows the ex- 
treme coarseness of the micro- 
porosity. This unsoundness is 
attributable primarily to the 
poor melting practice inten- 
tionally employed. Comparing 
with Fig. 14, it is seen that ex- 
treme unsoundness produced 
by a poor melting method oc- 
curs only when gas, presum- 
ably oxygen and hydrogen, is 
also absorbed from the mold. 
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Fig. 20 (right)—Alloy 85-5- 
5-5; cylinder No. A-4727 D2; 
melting method, high-frequen- 
cy induction furnace, employ- 
ing a liquid-glass cover; mold 
material, synthetic sand baked 
at 450 F; pouring temperature, 
2200 F; density, 8.58; leaks, 
none; photomicrographed, top 
Quadrant 2. The radiograph 
(1X) shows a relatively sound 
casting with a small amount 
of fine porosity near the boi- 
tom of the casting adjacent to 
the gate. The photomicrograph 
(20X) taken near the top of 
Quadrant 2 shows the very 
fine porosity which has not 
had an adverse effect on leak 
tightness. 
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waterless) molds according to the following reac- 
ion as it proceeds from left to right, 
Metal + H.O = 2H + metal oxide. 
If the melt being poured is low in oxygen and high 
n hydrogen, the absorption of oxygen from the water 
apor (steam) in the molds provides sufficient oxygen 
(metal oxide) for the formation and evolution of 
vater vapor as the above reaction reverses itself at 
ower temperatures or as the alloy solidifies. This ac- 
centuates microporosity. Apparently, the amount of 
oxygen absorbed from the air is insufficient to pro- 
duce a damaging amount of water vapor when solidi- 
fication takes place in a calcined-clay mold. 
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S. A. KuNpRAT:' Was there any organic or carbonaceous ma 
terial, such as wood flour or cereal, added to the synthetic sand? 

Mr. Kura: No. The synthetic sand consisted cf washed silica 
sand, bentonite and water. 

R. H. Gitsert:? Was the gas pickup while melting the same 
for each heat? The melting practice should have more effect 
than the molding practice or type of investment used. 

Mr. Kura: Test bars poured in the calcined c!ay mold were 
used to classify the quality of the heat. 

G. E, DALBey:* Were the “bubbles” or gas holes, apparent 
near the surface of the metal, caused by gas in the metal or by 
gas generated from the core or mclding sand? 

Mr. Kura: There were no dry sand cores used. The subsur- 
face defects were caused by the mold materials while pouring. 

WERNER Finster: * Why did the metal cast in the green syn 
thetic sand give low properties? 

Mr. Kura: In most cases there was a Iccal shrink in the 
shoulder of the test bar. 

H. H. Farrriecp:* Did the residual phosphorus vary from 
heat to heat? Would you expect to get a variation in the residual 
phosphcrus with the same amount added to each heat? 

Mr. Kura: There was little variation in the residual phos 
phorus in the various heats. The amount cf phosphorus re- 
maining in the alloy would depend on several factors, that is, 
the degree of oxidation cf the liquid metal and the manner in 
which the phosphcrus is added. 

P. L. BuTrter:* Did vou investigate the variation in the 
thermal conductivity of the various mold materials? 

Mr. Kura: We did some work on this but there were no 
definite results. 

Mr. Fairtirtp: When making large castings, we have used 
sand mixed with 40 per cent graphite to get lower thermal con 
ductivity which would help feeding. 

Mr. Givsert: Is the test bar illustrated in Fig. 3 of the ASTM 
specification on test bars a good indication of melt quality? 

Mr. Kura: By using this test bar, we were able to differentiate 
between the effects of mclding materials and melting conditions. 

Mr. SHEPHERD: It has often been thought that if we could 
obtain the ideal density metal, that is, a cast metal of the lowest 
possible gas content, our foundry problems wculd be over. In 
some experiments run in our foundry on some pump impellors 
made frem Navy “M” metal, we used lithium for deoxidation 
after melting in a strongly oxidizing atmosphere. The density 
obtained was exceptionally high, however there was a marked 
local shrink evident in one section of the impellor. Under 
normal melting practices, a lower density was cbtained but 
there was no evidence of a shrink in the castings. This would 
indicate that the high density metal, that is, one with low gas 
content, dees not always produce the soundest meial. 
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REFRACTORIES FOR THE BASIC CUPOLA 


By 





Hi. M. Kraner* 


The primary purpose of lining a cupola with basic 
refractories is to make it possible to maintain certain 
slag compositions which will yield desired metallurgic- 
al results. Good slag control is possible only through 
the use of a refractory lining which is more or less 
permanent in character and dissolves in the slag in 
lowest degree during the run. One might attempt to 
carry a basic slag in an acid lining but the lining 
would not survive very long in this environment. 
Likewise it is not practicable to carry a slag which is 
acid in character (siliceous) in a basic-lined cupola. 

Everything which enters the cupola, as in most 
other metallurgical furnaces, must leave as a gas or 
a liquid. The slag must be of a composition at normal 
furnace operating temperature that will flow freely. 
The use of lime or other fluxes in an acid furnace is 
merely to liquefy the refuse material, such as coke 
ash, etc. In the basic cupola the added reason is to 
produce a slag which will make it possible to desul- 
phurize the metal being melted. 

The blast furnace does a gocd job of carrying 
away refuse material and preparing its slag for the 
desulphurizing action which it has to perform. The 
cupola, because of its shorter height and smaller work- 
ing volume, is not as apt to perform as smoothly or 
as efficiently as does the blast furnace, and it is there- 
fore not unlikely that there will be considerable 
variation in slag composition frcm run to run, and 
perhaps even from hour to hour during a run. 

Slags involved in reported papers vary considerably 
but in general they tend toward compositions of 
blast furnace slags. 


Renshaw Renshaw Carter Renshaw 

1943 1949 1950 1951 
SiO, 14.44 37-48 31.6-39.2 30-35 
Al,O, 1.50 4.8-14 8-10 
Fe,O, 3.44 <15 
CaO 40.4 19-31 25.8-31.5 42-45 
MgO 40.3 8.7-18 9-11 
MnO <15 
Loss on 
Ignition 0.25 


*Ceramic Engincer, Research Department, Bethlehem Steel 
Co., Bethlehem, Pa. 
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In the blast furnace the slags are maintained at a 
high degree of basicity in order to desulphurize the 
metal as thoroughly as possible in the time the metal 
is in contact withsthe slag. Much of the desulphuri- 
zation takes place as the metal trickles through the 
slag layer. The slag must be liquid not only to be 
tapped from the furnace, but to do the job of desul- 
phurizing efficiently. A high degree of basicity and 
ample fluidity are necessary for satisfactory opera- 
tion. If the slag beccmes more basic than normal it 
is more viscous due to the presence of some crystal 
phases. 

The blast furnace does not use a basic refractory 
but the refractories used are extensively water-cooled. 
The problem of survival of refractories involves a 
compromise between viscous slags which neither dis- 
solve the refractory nor carry out the desulphurizing 
process, and a slag of proper composition and viscosity 
which does a good job of desulphurizing but which 
might also dissolve considerable refractory. 

A slag which contains crystals is said to be saturated 
with regard to these particular crystals at the temper- 
ature at which they ccexist with the liquid portion 
of the slag. Such a slag in a furnace operation, even 
thouzh it is saturated with crystals of a particular 
mineral might still have a capacity for the solution 
of the constituents of a refractory. 


Potential Solubility of Slag 


If the temperature of this slag is raised above the 
point at which all of its crystals are dissolved, it has 
a potential solubility for almost any other mineral 
constituent with which it comes in contact. By rais- 
ing the temperature of the slag, therefore, its dissolv- 
ing action is automatically increased. Carbon as a 
refractory is a possible exception to this and, except 
for certain practical operating reasons, carbon might 
have very satisfactory properties of interest to the 
operator of the basic cupola. As hot liquid slags dis- 
solve almost anything which comes in contact with 
them, the reason for being interested in slags in con- 
nection with refractories problems is quite evident. 

The terms “acid” and “basic” often erroneously 
imply that all one needs to do to provide resistance 
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io a basic slag is to use a basic refractory. While this 
is true in a practical sense, it is not scientifically true. 
\ good example of the fallacy of this lies in a record 
of basic refractories in the basic cupola. 

In 1943 Renshaw reported his basic lining, con- 
sisting of rammed “basic,”—a hard-calcined dolomite 
made in England. 

At that time his slag contained 40.3 per cent MgO 
ind 40.4 per cent CaO, and this quite evidently 
eroded from the lining. This slag, containing 40.3 
per cent MgO, was probably not entirely liquid or 
fluid. His 194914 slag, and that of Carter (1950),'® 
and Renshaw’s (1951)!® slags are more nearly normal 
\merican blast furnace slags. Even these, however, 
have potential dissolving power for magnesia. It is 
well known that in the system CaO-MgO-Al,O,-SiO, 
included in blast furnace slag compositions as much 
as 20 per cent MgO is found dissolved in fluid slags 
at 2700 F. 


Consumption of Refractory Lining 


It is not surprising therefore to find that Ren- 
shaw* in his basic cupola operation used as many 
pounds of lining as he had in his acid lining practice. 
The basic brick, however, cost several times more per 
pound than the acid lining materials. Although the 
solution of extra magnesia or lime in a slag does not 
adversely affect the slag metallurgically, this would 
not be the case had the slag been contaminated by 
“acid” lining dissolving in it, unless the extra lime 
or magnesia “saturates” the slag, and crystalline ma- 
terials appear. This more or less primes the operator 
not to expect either a panacea or a consolation, but 
to expect a higher refractory cost in the operation of 
the basic cupola. 

The blast furnace is one of the most efficient but 
the most extensively water-cooled furnaces we have. 
Only clay refractories or carbon are now used. Al- 
though carbon is insoluble in blast furnace slags and 
holds up well in the presence of slags corrosive to 
most other refractories, water-cooling is essential to 
both carbon and clay refractories and is, to a large 
extent, responsible for it being possible to use clay 
refractories in the blast furnace. Water-cooling of 
carbon refractories causes metal and slag to be con- 
gealed on the surface and in block joints, with a life- 
saving result. The cost of maintaining the furnace 
may in such cases be found in the slight extra fuel 
cost due to the heat lost through such water-cooled 
walls. Water-cooling in cupolas is not new and it is 
frequently advantageous from a cost standpoint, con- 
tinuity of operation, and because of likely better slag 
control. 

In a small furnace, the ratio of cooled wall surface 
to cross-sectional area is large. In a larger furnace 
this ratio is smaller and the heat loss would be less of 
a factor than would be the case in a small blast fur- 
nace or a small cupola. The operation of the larger 
water-cooled furnace or cupola would probably be 
more readily controlled. If one were to use carbon 


*Foundry Trade Journal, Aug. 23, 1951. 
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in a cupola lining the occasional mistake of insulat- 
ing it, should be avoided. Insulating, or in effect so 
doing, by backing-up carbon brick with clay brick 
builds up temperature throughout the carbon wall, 
allows slag and metal to penetrate through the entire 
joint and prevents the accumulation of a protective 
slag layer on its surface. If ceramic brick of any kind 
are to be used in connection with carbon brick or 
blocks, the carbon should be placed near the shell to 
assist in the cooling of the inner wall. It has been 
found that brick backed-up by carbon and the carbon 
cooled with water-cooling on the shell forms an ef- 
fective combination providing long life and minimum 
contamination to the slag. The benefit is obviously 
derived directly from the water-cooling and would be 
effective in some degree through any kind of brick, 
even without the carbon in the wall. 

It is our understanding that one basic cupola oper- 
ator in this country has lined his cupola with carbon 
and backed it up with magnesite brick extending to 
the water-cooled shell. His tap hole is also carbon. 
He is able to run an entire 5-day period at a refrac- 
tory cost less than his daily cost had been with acid 
refractories on acid operation. 

While this combination appears to be effective, it 
would seem that the positions of the magnesite brick 
and the carbon should be reversed or that the mag- 
nesite brick should be eliminated. 

It has been the intent here to avoid a discussion of 
proprietary materials, ramming, spraying, or the other 
methods described in the very helpful papers already 
printed on this subject and included in the appended 
bibliography. It should suffice to say that we, in the 
United States, have an abundant supply of magnesite 
brick ranging from 75 to 92 per cent MgO, and mag- 
nesite grain having a range of composition from 65 
to 96 per cent MgO. The accessory materials in these 
magnesites, such as CaO, SiO,, and Fe,O, vary in- 
versely with the magnesia contents. 


Ingredients in Refractory Mixtures 


In making ramming or spraying mixtures manu- 
facturers have added to these granular magnesite 
materials various proportions of magnesium chloride, 
magnesium sulphate, sodium silicate, clay, etc., and 
have provided ramming mixtures which can be used 
as monolithic linings rammed, daubed, or sprayed 
into place. We do not make the material referred to 
by the British as “basic,” a hard calcined dolomite, 
nor do we make a stabilized dolomite brick. Both of 
these would probably be cheaper than magnesite or 
magnesite brick. While magnesite brick are prob- 
ably the most expensive brick to be considered for a 
cupola and require bricklayer labor to install, they 
are fired and have a degree of density, uniformity of 
character, and reliability, sometimes not found in a 
rammed wall. Magnesite and dolomite products will 
probably not perform as well in contact with blast 
furnace type slags as they do in the open hearth where 
oxidizing slags are used. Water-cooling, and the use 
of carbon, should therefore offer considerable hope 
in critical areas of the basic cupola. Water-cooling 
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properly applied might even make it practicable to 
use high-grade clay refractories. 
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DISCUSSION 

Chairman: R. A. Witscuey, A. P. Green Fire Brick Co., Chi- 
cago. 

Co-Chairman: S. F. Carrer, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Recorders: R. A. Wirscuey and S. F, CARTER. 

W. W. Levi (Written Discussion)': The author is to be con- 
gratulated on his presentation of concise data which should 
be of considerable value to those interested in operating basic- 
lined cupolas. For example, Mr. Kraner’s comments on the 
importance of slag fluidity for good sulphur reduction is in 
line with our experience. We have found that slags of a given 
basicity and relatively poor fluidity may be less effective in 
removing sulphur than a less basic, highly fluid slag. As 
pointed out by Mr. Kraner, we have found that “basic” re- 
fractories may be severely attacked by “basic” slags and this 
applies to the refractories in the well, breast, and trough of our 
front slagging cupola. Mr. Kraner mentioned the ‘effectiveness 
of water-cooling in blast furnace practice and this has proved 


1Chief Metallurgist, Lynchburg Foundry Co., Radford, Va. 
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to be most effective in basic cupola operation as well. 

Mr. Kraner refers to slags reported by Renshaw in 194‘ 
Carter in 1950, and Renshaw again in 1951 as “more near! 
normal American blast furnace slags” and that “blast furna: 
slags are maintained at a high degree of basicity—contact wit 
the slag.” While this writer does not profess to be familia 
with blast furnace operation, we have never, in connectio 
with our basic cupola practice, considered slags containiny 
more SiO. than CaO as very strongly basic, though, this is th 
case in connection with Renshaw’s 1949 slag and Carter’s 195\) 
slag. In order to produce irons from our basic cupola with an 
average 0.016 per cent sulphur or less, we have operated witi 
slags of the following average composition: 


ea AD kay Ppa Se 52.7 per cent 
BD che eeeg hae ows 8.2 per cent 
eee ee 27.6 per cent 
RE “hse saw & bm 1 Soe 5.0 per cent 
ge AC Es ok 0.63 per cent 
ere eee ery 1.35 per cent 


The above slag is considerably more basic than any of the 
three slags previously mentioned as being more or less typical 
blast furnace slags and the sulphur content of the iron pro 
duced is lower than in any blast furnace pig ever received by 
our Company to date. Experience indicates that attack on re 
fractories by this slag is more severe than by less strongly basic 
slags, as would be expected. 

In his paper, Mr. Kraner refers to a basic cupola in this 
country lined with carbon and backed up with magnesite brick 
extending to the water-cooled shell. His description makes it 
seem more than likely that the cupola in question is the one 
operated by our Company since our cupola is lined and ope 
ated in the manner mentioned. While we do not take a de 
fensive attitude in connection with our method of lining, es- 
pecially since we have not as yet tried backing the magnesite 
brick with carbon, we have a number of reasons for lining as 
we do, and some of these are as follows: 

1. After several months of development work we were able 
to operate our basic cupola continuously for periods of 65 to 
8 hr. The front-slagging spout was lined with magnesite 
brick between the tap hole and the dam, and these failed dur 
ing the 65 to 85-hr periods due to the severity of the slag 
attack. These failures were eliminated by using rammed car 
bon backed with magnesite brick. This same combination of 
refractories (rammed carbon, backed with magnesite brick) was 
then tried in the cupola well and results obtained were very 
satisfactory. 

2. The logic in backing magnesite brick with carbon against 
the water-cooled shell is apparent, because carbon has a higher 
heat conductivity than magnesite, and consequently there will 
be a tendency toward lower temperatures at the working face 
of the magnesite brick and this in turn will tend to reduce the 
rate of attack. However, it is the writer’s understanding that 
baked carbon blocks are used for blast furnace linings and at 
the present time baked carbon shapes (of the blast furnace 
type) which will insure a good tight lining in the well of our 
cupola are not available. Consequently, we have used a rammed 
carbon plastic, but the manufacturers of this material state 
that under certain conditions fairly wide shrinkage cracks may 
develop in the carbon plastic and this, of course, would con- 
stitute a lining failure. Wide shrinkage cracks do not seem to 
develop in baked carbon blocks nor in magnesite brick and 
until such time as baked carbon cupola blocks are available 
we feel that it is safer to back the rammed carbon with mag- 
nesite brick. 

3. It is known that magnesite brick spall quite seriously 
when subjected to temperature changes and such is the case 
when the cupola bottom doors are dropped. Under these con- 
ditions the protective layer of rammed carbon reduces the rate 
of cooling to which the magnesite brick are subjected and 
thus materially reduces their tendency to spall. 

4. Operation of our basic cupola with the combination of 
refractories described above has been fairly successful and on 
several occasions we have operated continuously for 168 hr. 
At present we melt iron for 16 to 19 hr per day for 5 or 6 days 
per week and bank the cupola during the hours when there is 
no demand for iron. The bottom is dropped only once a week. 
In spite of what has just been said the writer feels that there 
is still room for improvement in our refractory practice. 








H. M. KRANER 


Mr. KRANER: Mr. Levi's discussion leaves little on which to 
comment since we are in accord with his observations. 

Co-CHAIRMAN CARTER (Written Discussion): The author has 
emphasized several important points we are in agreement with. 

Limited experimentation at our plant with carbon and 
sraphite linings in combination with water cooling has sug- 
ested some possibilities for such a combination. About a year 
ago we lined a small cupola with graphite brick in the melting 
zone. This cupola is regularly water cooled with external sprays 
cooling a thin acid lining. The graphite brick were laid with 
no insulation and against the shell as closely as possible, as 
suggested by Mr. Kraner, in order to cool the graphite. This 
was not accomplished completely where irregular spots and 
riveted joints interfered. Where the lining was made up with 
tight joints and good contact with the cooled shell, the lining 
showed essentially no attack. Where it was not so tight some 
attack was evident at the joints. Lining failure was caused by 
the falling out of some of the brick that were not properly put 
in. The cupola was lined too hastily and brought into service 
too fast. Another trial with carbon blocks was planned but 
the opportunity has not been found. 

During this operation both acid and basic slags were ob- 
tained by adjustment of the flux. Melting was fast, hot and 
clean, and satisfactory in every respect. The economics of such 
a water-cooled carbon lining would appear to depend greatly 
on the length of heat and the value of continuous operation. 

The author has wisely suggested several refractory approaches 
toward maintaining a basic slag. Slag basicity does the work. 
The refractories simply contribute to or subtract from efforts 
toward that basicity. The most direct and conventional ap- 
proach is the substitution of basic refractories. The use of 
neutral refractories like carbon is another approach. If acid 
refractory consumption can be sufficiently reduced with ex- 
tensive water cooling, basic slags can be maintained in an acid- 
lined furnace. We have produced fairly basic slags in an acid 
lining without water cooling, but not for long. 

As the author suggested, many blast furnace techniques sug- 
gest applications in basic cupolas. However, in the blast furnace 
the more reducing conditions and the larger diameter are 
more favorable than in the cupola. Carbon refractories with- 
stand hypereutectic iron and reducing conditions better than 
lower carbon equivalent irons and oxidizing zones. 

Overall costs will probably find one refractory combination 
best for one set of circumstance and another for other applica- 
tions. The author is to be commended for his suggestions 
of several refractory approaches to this newly acquired ability 
to utilize cupola slag chemistry for iron refinement. 

Co-CHAIRMAN Carrer (Oral Discussion): Our basic cupola 
experience verified Mr. Kraner’s discussion of basic slag com- 
positions. Decreased fluidity and desulphurizing efficiency has 
been experienced when basicity became very high. For that 
reason we have shown in our papers the use of small fluorspar 
additions to maintain slag fluidity and assist the desulphuriz- 
ing reactions, whenever a high basicity is expected. Good 
fluidity is obtained from limestone without fluorspar when 
only moderately basic slags are obtained. 

Our experience also verified Mr. Kraner’s discussion of the 
relative effects of CaO and MgO. As long as the MgO re- 
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mained a relatively minor basic constituent, MgO seemed 
equally effective. However, as MgO becomes equal or greater 
than CaO the MgO appears to give lower fluidity and less 
efficient desulphurization. For that reason we try to select a 
flux and refractory combination that will give us as much 
CaO as possible. 

Mr. KRANER: In connection with Mr. Carter’s remarks re- 
garding basicity, desulphurization and viscosity, I would like 
to call attention to the work of Holbrook and Joseph of the 
University of Minnesota relative to blast furnace slags. This 
as well as some work recently done for Bethlehem Steel Co. 
which has not as yet been published but which soon will be 
indicates that if we maintain a ratio of lime to magnesia in 
the slag of approximately 3 to 1 we can vary the silica rather 
more widely than if we use only lime as a flux. 

W. R. JAESCHKE:? What is the proper formula for basicity 
ratio? Some formulae include Al,O, along with the silica in 

CaO + MgO 





the denominator as follows 
Al,O, + SiO, 

while other basicity formulae omit the Al,O;. Which is cor- 
rect? What is the effect of Al,O,? 

Mr. KRANER: I personally prefer to consider ALO, as play- 
ing a role similar to SiO, and include it in the denominator. 

Co-CHAIRMAN CARTER: I am afraid I will have to disagree 
with Mr. Kraner on the effect of Al,O, on basicity ratio as it 
effects sulphur in the cupola. From other standpoints it seems 
logical to consider Al,O, as an acid and include it in the de- 
nominator of basicity ratio calculations. But from the stand- 
point of sulphur in the basic cupola we have not found Al,O, 
nearly as detrimental to desulphurization as SiO,. In both 
basic cupola and basic electric operation we have accomplished 
very efficient desulphurization with slags rather high in Al,O,. 
Al,O, seems to improve desulphurization if substituted for SiO,. 
Desulphurization has been accomplished by the Perrin ladle 
slag process using lime-alumina slags. For these reasons we 
have preferred to leave Al,O, out of the denominator for our 
basicity ratio until relationships can be more accurately de- 
termined. In our operation we think a ratio without AI,O, 
appears to correlate more accurately with desulphurizing effi- 

CaO + MgO 





ciency than the formula 
Al,O, + SiO, 

Mr. KRAneR: This is only for the purpose of maintaining a 
constant ratio which is desirable from an operating control 
point of view. The question of Al,O, as a desulphurizer is a 
more complicated one, it is serving amphoterically and does 
not perform exactly as silica, nor does it function as effectively 
as lime or magnesia in solution in a liquid slag. Its effective- 
ness in a lime-alumina slag can not be compared directly with 
its performance in a blast furnace slag. In the latter type slag 
there fortunately is little variation in Al,O, content. If there 
were a wide variation, then when the alumina is very low, the 
silica might need to be increased in order to maintain a fluid 


slag. 


*Consulting Engineer, Whiting Corp., Harvey, IIl. 








EFFECT OF BINDERS AND 
TEMPERATURE PROPERTIES OF FOUNDRY SANDS 
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ADDITIVES ON THE HIGH 


R. E. Morey,* C. G. Ackerlind* and W. S. Pellini** 


ABSTRACT 


In order to study sand defcrmation under load at elevated 
temperatures automatic stress-strain recording apparatus was 
adapted to a conventional sand testing dilatome‘er furnace. 
The previous work of the authors has been extended to include 
loal-deformaticn measurements of three representative clays, 
and, to show the comparative effect to supplementary binders 
and additives, one clay was tested with six different supple- 
menta y mater.als. Compacted foundry sand was found to follow 
Hooke’s law and behave as an elastic solid at loads below the 
elastic limit. At higher loads plastic deformaticn or permanent 
set occurs. The general pattern of strength, modulus and de- 
formation as a funct:on of temperature is established by the 
nature of the clay binder used. Supplementary organic binders 
or other additives serve to mcdify the properties of the clay, 
some causing increases in properties while others tend to de 
crease the test results. 


Introduction 

The “engineering” of sand mixtures to provide for 
the elimination of sand defects is possible only to the 
extent of our knowledge of the properties of the 
materials and requirements of service. Unfortunately, 
our present knowledge is inadequate as indicated by 
the frequency of casting defects attributable to the 
sand. \xotabie among tnese defects are veins, pene- 
tration, scabs, buckles, rat-tails and erosion. These 
defects take a heavy penalty in expense, effort, and 
manpower. 

In service, sands are subjected to the full range of 
temperature from ambient to approximately 3000 F. 
Information on high temperature properties is needed, 
particularly in respect to strength and ductility. Of 
these two only compressive strength has been in- 
vestigated to any appreciable extent. Hot ductility 
has not been investigated inasmuch as the necessary 
equipment has not been available. The present in- 
vestigation which represents an extension of the pre- 
viously reported studies of hot strength! was aimed 
at establishing the hot ductility characteristics of 
various sands. As a further contribution a general 
analysis was made of the nature of the temperature- 
induced physical changes which are responsible for 


* Metallurgist and ** Head, Metal Processing Branch, Metal- 
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the specific levels of the strength and ductility prop- 
erties. 

As a first step in this investigation a method was 
evolved for obtaining automatically recorded load- 
deformation curves by application of conventional 
O. S. Peters stress-strain recording equipment used in 
tension and compression testing of metals. A stand- 
ard Dietert Dilatometer furnace was modified to per- 
mit the use of the recording equipment. Figure 1A 
and B shows a schematic diagram and photograph of 
the equipment. The measurements are recorded on 
a strip chart; typical stress-strain curves for sand speci- 
mens measuring 114 in. in diameter and 2 in. high 
are shown in Fig. 2. The equipment provides six 
ratios of strain magnification—200:1, 160:1, 50:1, 20: 
1, 10:1 and 5:1. Strain magnification of 20:1 is suit- 
able for most sand mixtures. The value of the load 
at full scale may be 2000, 1000, 200 or 100 lb. Since 
the specimen has an area very close to | sq in. (0.994) 
the load values may be taken as unit loads in pounds 
per square inch. The load scale is changed as neces- 
sary to suit the material and test temperature. 

The typical load-deformation records of Fig. 2 
show that the forms of the curves vary widely but that 
certain features are always present; Fig. 2D clearly 
illustrates the principal features. From A to B on 
the curve, the loading ram is rising but the top of the 
specimen has not made contact with the top compres- 
sion head. A movement in the strain direction is 
therefore shown with no change in load. At point 
B the top of the specimen touches the upper compres- 
sion head. From B to C “seating” occurs as the ends 
of the specimen, carborundum loading discs and com- 
pression heads are forced into intimate contact. When 
“seating” has been accomplished, as shown at point 
C, load and strain increase proportionally producing 
a straight line on the chart C to D indicating that 
sand mixtures behave as elastic solids and follow 
Hookes Law. At point D the proportional limit is 
reached and from D to E strain increases more rapidly 
than load, indicating plastic flow. At point E the 
ultimate compressive load is reached and from E to 
F instability is developed as indicated by a falling 
load. At point F a sudden failure occurs usually 
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Fig. 1A (Left)—Schematic diagram of testing equip- 
ment. Fig. 1B (Right)—Photograph of testing equip- 


ment. 
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along 45-degree shear planes. In the case of very 
high ductilities the specimen may continue to deform 
after maximum load without shear failure until the 
limit of travel of the loading ram is reached. In 
these cases the specimen becomes barrel-shaped and 
continues to support a load. If the load is gradually 
released at a point such as D in the proportional 
range the unloading trace follows the line from D to 
C as should be expected of an elastic material. If the 
load is slowly released at some point beyond the 


STRAIN 20X 





proportional limit such as point E, the unloading 
trace will follow a line parallel with CD but through 
point E. The horizontal distance between the two 
lines represents the permanent set or plastic deforma- 
tion. If the specimen is tested to failure, as at point 
F, the plastic deformation is indicated by the distance 
L-M while the total deformation necessary to cause 
failure is indicated by the distance G-H. The strain 
required to seat the discs firmly (B-G) is not included 
in this measurement. The ultimate compressive load 
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Fig. 2—Representative stress-strain curves. 
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is read as the distance from J to K. The elastic mod- 
ulus is computed by drawing a straight line through 
the proportional section of the curve, C to D, select- 
ing two points on this line and dividing the load 
difference between the two points by the strain dif- 
ference 

To assure reproducibility it is essential that the 
rate of loading be held within reasonable limits. In 
these tests the loading rate was such that, with a steel 
specimen between the compression posts, the load in- 
creased from 30 to 730 psi in approximately 15 sec. 
In all cases tests were made in duplicate and the re- 
sulting curves were found to be almost identical. In 
a few cases where results did not check satisfactorily, 
several. check tests were made. The test values used 
are averages of two or more tests. 


Materials and Methods 

The test mixtures were made in 3000-gram batches 
using A.F.S. Secondary Standard Test Sand, binders 
and additives as indicated, and water to produce 3.8 
per cent to 4.0 per cent moisture content. The mater- 
ials were mixed 2 min dry and 8 min wet in a Simp- 
son 18-in. laboratory muller, then passed thru a 14-in. 
screen and placed in sealed glass jars. Cylindrical 
specimens 114-in. in diameter by 2 in. long were 
prepared using 3 blows of the standard double-end 
rammer. Each specimen was placed in the furnace 
immediately following preparation and heated at the 
test temperature for 11 min, 45 sec. The loading 
mechanism was then started and the specimen usually 
contacted the top compression head in approximately 
15 sec thus ensuring the standard total heating time 
of 12 min. No direct readings were made as all in- 
formation necessary was automatically recorded on 
the stress-strain record. 

A total of nine mixtures were tested to determine 
maximum compressive strength, deformation to rup- 
ture and modulus. For discussion these have been 
divided into two groups; (1) a group containing clay 
as the only binder, including Western bentonite, 
Southern bentonite and fire clay; (2) A group con- 
taining Western bentonite as the clay binder with 
additions of secondary binders and additives. 


Properties of Clays Without Additives 


In order to understand the nature of the reactions 
which produce the marked changes in the strength 
and ductility of the sands at the various test tempera- 
tures, it is necessary to consider the fundamental na- 
ture of clays. Inasmuch as the properties of quartz 
grains are relatively fixed or unchangeable,” the vari- 
ations in properties of the sand aggregate must arise 
from physical changes occurring in thin films of clay 
which bind the grains together. 

In the case of Western bentonite the principal con- 
stituent is sodium montmorillonite. This mineral is 
characterized by a plate-like crystalline structure, the 
plates being relatively large in area but small in 
thickness. As shown by Grim and Cuthbert® this min- 
eral has a strong affinity for water which is held as 
oriented molecular layers surrounding the individual 
plates of the crystal. As the water content increases 


EFFECT OF BINDERS AND ADDITIVES ON FOUNDRY SANDS 


the number of layers increases. This assemblage of a 
clay crystal with surrounding layers of water is called 
a clay-water micelle. The water molecules adjacent 
to the plates are very strongly held while the bond 
holding each successive layer outward from the plates 
is increasingly weak. The binding force between clay 
plates decreases as the number of water layers in- 
crease. The strength of the clay accordingly should 
be expected to vary with the initial water content. It 
should also be expected that the elimination of water 
on heating should result in a decrease in spacing be- 
tween clay crystals and an increase in strength. 






























































my we a 
: P NOTE - SAMPLES DRIED IN 
2 DESSICATOR AT 70°F 
2s BEFORE TESTING 
- Ww | | 
<q” | 
w & \\ 
= = WESTERN BENTONITE 
z%.| | Lo 
2 d a 
oz 
39 
w & 8 
«° 
> u 
% 10 Sm |_-SOUTHERN BENTONITE — 
os y 
=6 
& 12 
Ww fe 
a 
14 


200 400 600 800 1000 1200 1400 1600 i800 
TEMPERATURE (°F) 


°o 


Fig. 3—Moisture loss as a function of temperature. 


The effect of heat in removing water from clay is 
shown in Fig. 3. Samples of “as received” Western 
and Southern bentonite clay (no sand) were dried in 
a desiccator at room temperature to remove all water 
not strongly absorbed to the clay crystals. The samples 
were then placed in crucibles and held an adequate 
time at a series of successively higher temperatures 
with re-weighings following each temperature step to 
determine the loss of water with temperature. For 
Western bentonite there was a large moisture loss on 
heating to 220 F and a relatively smali loss from 220 
to 1000 F. From 1000 to 1400 F there is again a 
large loss. Above 1400 F the loss is very slight. The 
effect of water content on the strength of the sand- 
clay mixture is consistent with the theory that the 
strength va.ies inversely with the number of water 
layers which separate the clay crystals. 

It has been shown‘ that green strength is lowered 
by an increase in water content above that required 
for an effective distribution of the clay during mull- 
ing. Figure 4 shows that strength of Western benton- 
ite sand is increased consequent to a loss of water on 
heating. The marked strength increase from 6 psi at 
100 F to 110 psi at 400 F is in agreement with the 
marked water loss shown in Fig. 3 over this range. 
On this same basis the small water loss observed from 
220 to 1000 F and the larger loss from 1000 to 1400 
F should indicate that there will not be much change 
in strength from 220 F to 1000 F and that there will 
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Fig. 4—Effect of temperature on 

properties of a sand mixture bonded 

with 4% Western bentonite. Water 
content 3.8-4.0%. 
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Fig. 5—Effect of temperature on 

properties of a sand mixture bonded 

with 4% Southern bentonite. Water 
content 3.8-4.0%. 
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Fig. 6—Effect of temperature on 

properties of a sand mixture bonded 

with 8% fireclay. Water content 3.8- 
4.0%. 





be a large increase in strength from 1000 to 1400 F. 
Examination of the strength curve in Fig. 4 shows that 
both of these expectations are fulfilled. From 1400 
to 1750 F there is a strength increase due to the forma- 
tion of viscous glass resulting from the melting of 
the clay crystal. From 1750 to 2500 F strength de- 
creases rapidly as the viscosity of the glass is lowered 
by the increasing temperature. The final strength at 
2500 F is less than 7 psi or about the same as the 
green strength and only | per cent of the strength at 
1750 F. The modulus of elasticity, as seen in Fig. 4 
roughly parallels the trends for compressive strength. 

The total deformation before failure drop from 0.6 
per cent in the green state at 100 F to 0.4 per cent at 
300 F. From 300 to 500 F there is a sharp increase in 
deformation followed by a gradual increase to 0.9 per 
cent at 1000 F and then a rapid increase to 3.4 per 
cent at 1700 F. From 1700 to 1800 F there is a slight 
drop in deformation which will be seen to be charac- 
teristic of several mixtures, and from 1800 to 2000 F 
deformation increases rapidly to over 9 per cent. At 
higher temperatures the actual value of deformation 
could not be measured as the specimen continued to 
deform without an actual shear failure and there 
was no end point from which to make a measure- 
ment. 

The similarity shown by the strength and ductility 
trends in the range of 300 F to 1700 F suggests that 
the improvement in ductility is related to the develop- 
ment of the more effective bond between sand grains. 
The extremely high ductility developed above 1700 
F reflects the change in the clay from a crystalline 
material to a viscous glass. 

Southern bentonite is quite similar in crystallo- 
graphic structure to Western bentonite*® except that 
the sodium ions of the montmorillonite are replaced 
with calcium and hydrogen. It also adsorbs water 
which may be removed by high temperatures as shown 
by the dehydration curve for Southern bentonite in 
Fig. 3. The moisture loss is rapid up to 400 F, then 
gradual to completion at 1200 F. 


The properties of a mixture containing 4 per cent 
Southern bentonite are shown in Fig. 5, from which 
it may be observed that the compressive strength and 
modulus of the Southern bentonite mixtures are low 
when compared with Western bentonite. The strength 
changes essentially parallel those of the Western ben- 
tonite except in the range from 400 to 1200 F where 
a gradual increase in strength may be seen as should 
be expected from the moisture loss in this tempera- 
ture range. The deformation of the Southern benton- 
ite mixture is roughly parallel to but slightly below 
that of the Western bentonite mixture. A marked 
difference between the clays is observed in the range 
of 1900 F to 2200 F. In this range Southern benton- 
ite shows a minimum in ductility resulting in shear 
fractures which were not obtained in the case of 
Western bentonite. Corresponding with the minimum 
in the deformation curve at 2050 F, peaks are de- 
veloped in the modulus and strength curves. The 
maximum in the strength curve at this point was 
more clearly shown by a larger number of tests in the 
previous investigation’ where the tests were made at 
much closer intervals of temperature. It is believed 
to be due to the presence of kaolin as an impurity. 

The properties of an 8 per cent fire clay mixture 
are shown in Fig. 6. The principal constituent of fire 
clay is kaolin which is known to have a considerably 
lower capacity for adsorbing water than either West- 
ern or Southern bentonite. In general the properties 
of the 8 per cent fire clay mixture are lower than those 
of the 4 per cent Western bentonite mixture and the 
changes in properties with temperature are less 
marked. In the range from 2000 to 2500 F the com- 
pressive strength and modulus of the fire clay mixture 
exceeds that of the bentonite due to the refractory na- 
ture of kaolin. 

The properties of the three clays may be compared 
directly in the summary graphs of Figs. 7 to 9. Fig- 
ure 7 which summarizes the compressive strength 
curves shows that the maximum strength for South- 
ern bentonite is reached at 1600 F, for Western ben- 
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Fig. 10—Effect of temperature on 

properties of a sand mixture bonded 

with 4% Western bentonite and 2% 
gelatinized corn flour. H,O, 3.8-4.0. 
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Fig. 13—Effect of temperature on 

properties of a sand mixture bonded 

with 4% Western bentonite and 2% 
seacoal. Water content 3.8-4.0%. 
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Fig. 8—Effect of the nature of the 
clay binder on modulus of elasticity 
at elevated temperatures. 
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Fig. 11—Effect of temperature on 
properties of a sand mixture bonded 
with 4% Western bentonite and 2% 
wood flour. Water content 3.8-4.0%. 
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Fig. 9—Effect of the nature of the 
clay binder on deformaticn at ele- 
vated temperatures. 




















10 1000-———.—— 100,000 
} } 
COMPRESSIVE 
STRENGTH ~ 
+ + 
»' ee —}10,9000 > 
| 3 
- € DEFORMATION 2 
< “ + + 4 
w — 
z > } } t re 
. § MODULUS OF — wd 
oS Ww ELASTICITY : 2 
0.1 = 10; + t t 1000 2 
3 —<— - 
T ° 
3 | + + 7 S 
* 
| + 
+ 
0.01 ' 100 
0 500 1000 1500 2000 2500 


TEMPERATURE (°F) 


Fig. 12—Effect of temperature on 
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tonite at 1750 F and for fire clay at 2050 F. In all 
cases the initial rise in strength from 100 to 400 F 
is due to elimination of water from the clay crystals. 
Che drop in strength at temperatures above that pro- 
ducing maximum strength reflects the decreasing vis- 
cosity of the molten glass formed from the clay plus 
such silica as may have dissolved in the melt from 
the adjacent grains. No explanation has been found 
for tie peaks in tne fire clay curve at 900 and 1250 F. 

The modulus curves for the three clays are shown 
in Fig. 8. As in the case of strength there is a rise in 
modulus during drying of the clay and a decrease in 
medulus as the clay melts and the glass becomes less 
viscous. Western bentonite and fire clay reach their 
initial maxima at 400 F, while 600 F was required to 
produce the initial maximum in Southern bentonite. 

The deformation curves are summarized in Fig. 9. 
In general, Western bentonite had high deformation 
at failure while fire clay had low deformation. West- 
ern bentonite sands are highly plastic above 1900 F 
while Southern bentonite sands which are also highly 
plastic at 1900 F revert to low ductility at 2060 to 
2100 F, then become plastic again at 2200 F. In this 
range the fire clay mixtures were brittle by compari- 
son. 


Supplementary Binders and Additives 


The effect of six supplementary binders or addi- 
tives on the properties of the Western bentonite refer- 
ence mixture are shown in Figs. 10 through 15. The 
reference mixture contained 4 per cent Western ben- 
tonite and 3.8 to 4.0 per cent water. The modified 
mixtures contained 2 per cent of the supplemental 
material except for silica flour in which case the addi- 
tion was 10 per cent. 

Figure 10 shows the properties of a mixture con- 
taining 2 per cent gelatinized corn flour. This mix- 
ture develops high strength in the range of 300 to 
500 F due to the formation of a paste or glue which 
becomes increasingly rigid as drying progresses. At 
temperatures above 500 F, the starch molecules de- 
cempose to form sugar and liberate water with con- 
sequent loss of the glue effect and the strength of the 
mixture drops at 600 F. In the range of 600 to 700 F 
the suzar derived trom the starch, is meited or cara- 
melized. This material, when first melted, is viscous 
and serves to increase strength, producing the peaks 
shown at 700 to 750 F. Above 750 F the viscosity de- 
creases causing a reduction in strengta. ‘Ine sugar 
further breaks down producing carbon and water 
vapor. The strength of the mixture from about 900 
F upward, therefore, is essentially that of the clay. 
At 2300 F the possibility of a strength peak is seen 
which does not appear in Fig. 4. This effect is believed 
to be due to a fluxing action of the ash left from the 
combustion of corn flour. 

Tie curve fcr modu.us parallels the strength curve 
and corresponding peaks may be seen. Deformation 
is quite similar to that of the 4 per cent bentonite 
mixture except in the range from 1700 to 1800 F 
where deformation increases for the corn flour mix- 
ture but decreases in the 4 per cent bentonite mix- 
ture. 


Figure 11 shows the properties of a mixture con- 
taining 2 per cent wood flour. Compressive strength 
and modulus are considerably lower than in the case 
of gelatinized cern ficur. Peaks at 450 F and 750 F 
may be seen particularly in the modulus curve. This 
is to be expected because the wood flour contains a 
large percentage of cellulose which is chemically very 
similar to starch. The sugars produced from the 
break-down of cellulose. carametive t> vrodu e the 
strength maximum at 750 F. From 1000 to 1600 F 
the shape of the strength curve is essentially that of 
Western bentonite but it is lower in magnitude pos- 
sibly due to voids left in the clay bond when the par- 
ticles of wood flour burn out. There are well defined 
peaks in strength and modulus at 1960 F and in 
modulus at 2250 F. As in the case of the gelatinized 
corn flour, these peaks are probably due to a fluxing 
action of the ash left by the wood flour. Deformation 
is similar to that of the 4 per cent Western bentonite 
mixture except at temperatures of 1700 F and higher 
where deformation is much higher in the wood flour 
mixture. This high deformation in wood flour mix- 
tures at temperatures near 1700 F which the refer- 
ence mixture dces not have may explain why wood 
flour mixtures do not crack and therefore prevent 
“vein” defects in phosphor bronze castings.® 


Short fiber asbestos has recently been reccmmended 
as a “cushioning ingredient” in sand mixtures to pre- 
vent scabbing and buckling on the thecry that the 
soft inter-granular material permits the expansion of 
quartz occurring at the alpha to beta inversion to 
take place without cracking. The properties of a mix- 
ture containing 2 per cent asbestos are shown in Fig. 
12. By comparing Figs. 4 and 12 it may be seen that 
the deformation for the two mixtures are similar. 
The asbestos caused both compressive strength and 
modulus to be lower at temperatures above 1100 F 
but did not have any significant effect at lower tem- 
peratures. 

The properties of a sand mixture containing 2 per 
cent seacoal are shown in Fig. 13. Three high tem- 
perature strength peaks were observed at 1575, 1900 
and 2360 F with corresponding peaks in the modulus. 
As in the case of Southern bentonite, the strength 
maximum at 2300 F was accompanied by low defor- 
mation and shear failure while specimens at both 
lower and higher temperatures deformed plastically 
with deformation so high that it could not be mea- 
sured. When loading was stopped, in the tests at 2100 
F, the specimen still supported a small load even 
though it was reduced to 75 per cent of it original 
length. 

Additions of 2 per cent of iron oxide developed the 
properties shown in Fig. 14. Compressive strength 
and modulus were increased considerably through 
most of the temperature range. Deformation, how- 
ever, was changed only slightly by the addition of 
the iron oxide. In this m.xture there is oniy one 
strength peak and the decline in strength from 1900 
to 2500 F is continuous as in the case of the reference 
mixture. 

The properties of a typical foundry mixture of 10 
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per cent 325-mesh silica flour are shown in Fig. 15. 
The strength and modulus of this mixture are ex- 
tremely high at all temperatures. The deformation 
curve follows that of the reference mixture quite 
closely up to 1800 F but from 1900 to 2500 F is 
much lower. In general, the silica flour-Western ben- 
tonite mixtures have a high strength over a wide 
temperature range and also good deformation char- 
acteristics. 

In order to facilitate comparison of the various 
supplementary binders and additives, the strength 
curves for the six materials studied are summarized 
in Fig. 16 along with the strength curve for the 
reference mixture. It may be seen that the general 
shape of the curve is established by the Western ben- 
tonite and that the added materials merely serve to 
modify the strength level. For increasing strength 
over the whole temperature range, iron oxide and sil- 
ica flour are effective. Silica flour is especially effec- 
tive above 2200 F and in the range from 100 to 600 
F gelatinized corn flour is very effective. Two ma- 
terials, corn flour and seacoal, produce a high tem- 
perature peak at 2250 F. Corn flour and asbestos 
lower the temperature at which the strength maxi- 
mum ocurs. Wood flour lowers strength by a large 
factor. 

Figure 17 summarizes the curves for modulus of 
elasticity. The general pattern is set by the Western 
bentonite in the mixture and, as in the case of 
strength, the additives merely serve to modify the 
modulus established by the bentonite. In general 
silica flour and iron oxide increase modulus while 
wood flour decreases it. Gelatinized corn flour is ef- 
fective in raising modulus in the range from 100 to 
500 F and asbestos lowers it from 1000 to 2500 F. 

Figure 18 summarizes the deformation curves. Be- 
low 1500 F the spread between curves for the various 
materials is narrow compared with the spread in 
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strength and modulus. This indicates that supple- 
mentary binders have a minor effect on deformation 
at temperatures below 1500 F. At 1800 F wood flour 
and corn flour produce relatively high deformation. 
Seacoal and silica flour reduce deformation in the 
range from 2200 to 2400 F. 

Sosman? reports a temperature of 1063 F for the 
alpha to beta inversion of quartz and indicates that 
the total linear expansion of a quartz aggregate from 
32 F to a temperature above the inversion point is 
1.32 per cent. It is interesting to note that at 1070 F 
(above the inversion) in Fig. 18, the deformation 
measured at failure ranged from 0.67 to 1.06 per 
cent. Inasmuch as a rapid expansion occurs at the 
inversion point and the total possible deformation is 
roughly of the same magnitude as the expansion 
value it seems likely that mold conditions may easily 
become critical for the development of various forms 
of sand failures. The sudden application of heat 
during pouring, mold wall restraint and other similar 
factors may be expected to provide the unfavorable 
conditions leading to crushing or buckling. 


Conclusions 


1. Foundry sands behave as common elastic-plastic 
solids to the highest temperatures of service. On load- 
ing the response is initially elastic with stress being 
proportional to strain within the elastic limit. At 
loads above the proportional limit permanent plastic 
deformation is developed. As loading is continued a 
limit is reached at which point instability occurs with 
consequent decrease in load. Depending on the in- 
herent ductility, shear failures or “upsetting” without 
failure follows the development of instability. 

2. Ultimate compressive strengths varied from 5.5 
to 1430 psi, low values being developed at low and at 
very high temperatures and high values at inter- 
mediate temperatures. Maximum strengths occurred 
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t temperatures in the range of 1600 to 2050 F de- 
pending on the binders used. 

3. Variations in modulus of elasticity essentially 
parallel strength variations. Modulus values ranged 
from 480 to 74,500. 

4. Ductilities measured as compressive deforma- 
tion varied from 0.4 to over 10 per cent. In general 
ductility increased with temperature. 

5. The nature of the clay used as a primary sand 
binder establishes the general shape or pattern of the 
curves of strength, modulus and deformation as a 
function of temperature. 

6. Secondary binders or additives control the level 
of strength and modulus over the. entire temperature 
range. The effect on the level of deformation is not 
marked except at temperatures above 1500 F. 

7. Silica flour and iron oxide are the most effec- 
tive materials for augmenting strength and modulus 
over a wide temperature range. Gelatinized corn 
flour additions give high strength and modulus at 
temperatures below 600 F. 

8. Wood flour additions reduce strength and modu- 
lus but increase deformation at temperatures above 
1700 F. 

§. Explanations based on the known chemical char- 
acteristics of the sands or additives have been ad- 
vanced to explain major changes in properties as a 
function of temperature. The factors considered in- 
cluded dehydration of the clay structure which re- 
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sults in bringing the crystal plates of the clay closer 
together thus producing stronger bonds, melting of 
binder constituents such as sugars derived from starch 
or cellulose, fluxing due to the ash of organic mater- 
ials, and glass formation due to melting of the clay 
and silica grains. In the case of melting or fluxing 
there is usually an initial increase in strength as a 
viscous glass 1s formed followed by loss in strength on 
heating to higher temperatures as viscosity decreases. 
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RESPONSIBILITY OF TOP MANAGEMENT IN TRAINING 


J. D. Judge* 


There is inherent in human nature a desire for ex- 
pression. We like to advance our ideas. We feel the 
urge to make things, to perform some service, to ful- 
fill some need, to accomplish some objective. We 
feel strongly, and at times wrongly, that our way is 
the best way; we often think, and frequently rightly, 
that we could do a given task better than it is being 
done. This tendency to manifest our own will is a 
basic motivation. Uncontrolled, such a trait leads 
to despotism. Intelligently directed, however, it is 
the basis of all freedom, it is the motivating force 
responsible for all progress in the world. 

These natural creative sentiments which we possess, 
coupled with the expectation of material reward, are 
responsible for the foundation of all business ventures. 
Most such enterprises are initially small. Time and 
talent, determine their growth and fix their span of 
years. If they have been wrongly conceived and poorly 
planned productivewise, marketwise, or profitwise, 
they soon wither away. If organizationally they are 
unsound they will eventually succumb. If, however, 
they are sound of product, efficient of manufacturing, 
astute of marketing, and enlightened of management, 
they will not only enjoy longevity but frequently will 
expand many fold. 


Leadership Plays Decisive Role 


In any business, assuming of course a need for the 
product or service, leadership plays the decisive role 
in its success. This leadership may be embodied in 
an individual, who himself is one of the half-dozen 
workers in his plant, or it may be vested in a group 
which directs the activities of one of our modern in- 
dustrial giants. In either event, and through all of 
the gradations of size and type, there is in every busi- 
ness some individual or some group, shouldering the 
responsibility of leadership; someone or some group 
whose duty it is to give final answers to questions of 
major importance. 

We loosely classify such individuals under the gen- 
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eral term management, although actually the formula- 
tion of matters of policy is more accurately an ad 
ministrative duty, and the execution and direction of 
such policies a management function. Because of the 
characteristics of the businesses comprising our in- 
dustry, particularly as to size, we shall consider top 
management as that individual or group actively en- 
gaged in the business and charged with the respon- 
sibility of formulating and directing the execution 
of matters of major policy. 

In most every business today, with an enlightened 
top management—and remember again that that term 
includes the owner-worker in the small establishment 
—one of the matters of major policy is training! Just 
what do we mean by training? What is its place in 
industry and particularly in the foundry business? 


Training Defined 


According to Webster, to train means to educate, 
to form by instruction and practice, to impart pro- 
ficiency, to prepare. Training for all of us begins 
long before we reach the age of reason. Formal train- 
ing is initiated, on a general plane, in the grade 
school. Directionally, it is channeled somewhat in 
high school, particularly in the vocational and trade 
schools. In college, training is usually directed toward 
some specific objective. When this academic phase 
of training has been completed as a major project— 
and this may occur at some period during the grade 
school term, or after years of college and post-graduate 
work—the second phase of training begins. This 
phase which constitutes the continuous application of 
accumulated knowledge and experience, and the acqui- 
sition of skills in a particular field, is a lifetime under- 
taking. There are many fields of application, but we 
are concerned with the industrial area and specifically 
with the foundry business. 

As we said, businesses usually start in a small way 
and then develop in accordance with a variety of cir- 
cumstances. In the simplest type of organization there 
are two classifications, the owner and the workers. 
With some expansion, a new classification is added— 
supervision. Increased activity calls for another clas- 
sification—clerical help; and large scale operations 
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Conference between top management 
and younger supervisors, whether the 
plant is large or small, are part of the 
training which is management’s re- 
sponsibility. 





necessitates technical specialists. These five classifica- 
tions, management, supervision, technical specialists, 
office or clerical, and shop workers, represent a skele- 
tonization of the organizational constitution of most 
businesses. Within each of these classifications there 
must be planned and continuous training if success 
is to be achieved. 


Important Training Objectives 


There are at least three important objectives for 
training within these classifications. The first is con- 
cerned generally with those individuals in the semi- 
skilled and skilled group. The aim is to help them to 
become more dextrous—more skillful—and to in- 
crease their overall efficiency. These ends are achieved 
through a variety of on-and-off-the-job formal train- 
ing programs or through informal in-plant instruc- 
tion. 

A second objective of industrial training is directed 
toward those individuals who form part of the man- 
agerial hierarchy—the foreman and supervisors, the 
technical staff, and the junior executives. Here again 
the purpose is to develop individuals so as to enable 
them to become more proficient and to prepare them 
for the assumption of greater responsibilities. The 
training field to be covered for this group is necessarily 
diverse, including as it does such subjects as labor re- 
lations and regulations, plant policies, social legisla- 
tion, time and motion study, waste prevention, indus- 
trial economics and administrative procedures. The 
usual aids to these ends are extension courses, execu- 
tive conferences, discussion groups, plant visitations, 
technical society meetings, trade magazines and so on. 

The two training objectives just outlined are con- 
cerned with the individual, principally because of his 
actual and potential contribution to the success of the 
business. The third objective of training differs some- 
what from these, in that it is concerned in large mea- 
sure with the individual because of himself and so- 
ciety. It is universal in its purpose, applying to the 
laborer as well as to the executive. The aim of such 
training is to make the individual a better man— 









physically and mentally, materially and spiritually, 
and as a corollary to make him a better member of 
his community and a better citizen of his country. 
Since these matters lie almost exclusively in the field 
of human relations, the means to their accomplish- 
ments are varied. Plant letters, bulletins and house 
organs, counseling service, health and hygiene pro- 
grams, and company sponsored activities, are a few 
of the more common means to this end. 

Training then has for its purpose not only the de- 
velopment of abilities and skills, but it has a wider 
implication in that it is instrumental in stimulating 
and arousing desires for self improvement not only 
in the manual field but the intellectual as well, not 
only in the realm of performance but that of plan- 
ning also, not only in the role of craftsmanship but 
in that of leadership. 


Training Insures Continuation of Business 


All of this leads naturally to the question, why 
should any business be interested in promoting the 
all around development of its employees? Funda- 
mentally and basically, why should business be in- 
terested in training? The answer is not simply to 
make more efficient employees, so that the more econ- 
omical operation resulting therefrom, wilt be-refleeted 
in greater profit. Neither is the answer in the social 
benefits which accrue to the individual through train- 
ing. Hypothetically, if the business were to stop oper- 
ating at the end of the week, would any training be 
necessary? If the operating period were projected to 
a month, would a training program be required? If, 
however, the business is to continue for a year, for ten 
years, for one-hundred years, does training then be- 
come a part of the business? The answer is obviously 
in the affirmative. Basically then, the reason for train- 
ing, is t> insure the continuation of the business. 

Why should the continuance of any business be 
important? The answer for some companies, because 
of their nature, is clear. They have a weighty respon- 
sibility for perpetuity toward the general public. Utili- 
ties, financial institutions and insurance companies 
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are in this class. Many other corporations, whose 
stock is widely held, have a very real responsibility 
toward their investors. Even in the smaller com- 
panies, the need for a continuance of family income 
can be the important factor. 


Reasons for Continuance of Business 

In addition to these primary reasons, there are also 
secondary reasons for the continuance of business 
enterprises. As we know, most businesses start on a 
small scale. They embody the ideals, the hopes, the 
desires, and the faith of an individual or a small 
group. Such a personal undertaking is a creative ac- 
complishment, and as such it evokes those natural in- 
stincts of preservation. The father wants to see his 
sons carry on in the business to which he has given 
so much of himself. He wants them to taste the 
fruit of accomplishment; to reap the reward of hard 
effort. He has a justifiable pride in this business 
which his management has developed. 

Although admittedly on a much less personal basis, 
the pride of accomplishment, also exists in the larger 
organizations, even among those individuals who have 
come into established businesses. It is natural for a 
person to want to see: the continuation of a concern 
which has incorporated in it many of his ideas and 
plans, and to which he has given so much of his 
time and effort. 

There is also a third consideration for the continua- 
tion of any established business, and that is the per- 
sonnel of the plant. There are many employees who 
build their lives around their jobs. They establish 
their homes, raise their families, predicate their hopes, 
their aspirations, on the security of their employment. 
These human considerations should not and cannot 
be ignored. 

We have reviewed some of the reasons prompting 
the initiation of a business; we have defined top man- 
agement; we have sketched the organizational make- 
up of business; we have discussed the objectives and 
the reason for training, and now we shall briefly con- 
sider the responsibilities of top management in this 
matter of training. 





RESPONSIBILITY OF Top MANAGEMENT IN TRAINING 


We said that training begins in the grade school, is 
given direction in high school and objectivity in col- 
lege. It follows from this that top management 
should evidence a real and an active interest in the 
curriculum of the grade schools, through teacher con- 
tacts and through the boards of education. Top man- 
agement should be even more interested in the hizh 
schools, particularly in the trade and vocational 
schools. Supplying part-time instructors and equip- 
ment for shop courses; promoting plant visitations; 
providing after school and summer work, and encour- 
aging personal consultations, are but a few of the 
means of evidencing this interest. There is a pro- 
found conviction on the part of many foundrymen 
that the high school level provides the most promis- 
ing area for stirring the imagination, awakening an 
interest, providing a challenge, and stimulating a 
desire, in young men in the foundry business. Most 
of these students are undecided as to their future 
plans. Far too many of these young men leave high 
school with only the haziest kind of a notion of the 
foundry business, with no idea as to it operation, its 
vital place in industry, or its opportunities. At the 
college level, top management is provided with a 
unique and well organized program in the Foundry 
Educational Foundation, which needs only its con- 
tinued material and active support, to successfully 
carry on this outstanding work. The Foundation as 
you know, has been responsible for a reactivation, a 
reorientation, on the part of many universities and 
colleges of their class and laboratory courses, in 
foundry and allied subjects. This together with the 
cooperative and summer work provided by the mem- 
ber foundries, has resulted and will continue to re- 
sult in a pool of young engineers with both academic 
training and practical experience in the foundry busi- 
ness—young men from whose ranks should come the 
managers of tomorrow. 

Practically all knowledge that we possess has come 
to us from others, consequently in simple justice we 
all have a responsibility to pass on, that which we 
have inherited. This is not only ethically sound, it is 





Plant visitations, technical scciety 
meetings, extension courses, along 
with executive conferences are train- 
ing aids management should use and 
encourage. 
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als») good business. Efficient and profitable opera- 
tion, depends upon the maintenance of an organiza- 
tion skilled not only in general fundamentals but also 
trained in details peculiar to a specific organization. 
This applies not only to manual operations, but also 
to all other functions of the business. Top manage- 
ment, accordingly, has the definite responsibility of 
formulating policies and delegating or directing their 
execution so that this basic objective of instructing 
others in all aspects of the business will be accom- 
plished. 
Reduction of Labor Turnover 


Labor turnover occurs in every business. Top man- 
agement is familiar with this fact, and again, it is its 
duty to formulate general policies relative to this 
problem, particularly as it applies to the semi-skilled 
and skilled employees, to the end that through proper 
training, with all its implications, turnover will be 
reduced, or its effect upon the efficiency of operation 
of the business when it does occur will be a mini- 
mum. Top management should be much more direct- 
ly concerned with those positions in the organization 
of greater responsibility—the foremen, the supervisors, 
the technical and sales personnel, and the executive 
positions. Management has the responsibility of fac- 
ing the facts of life, of realizing that key personnel 
are constantly attracted by better opportunities, real 
or fancied, in other organizations; that accidents, ill- 
health, retirement, and death pay their inexorable 
visits with impartial regularity to all. Available sta- 
tistics provide management with a guide to intelli- 
gent planning in these matters. There is no greater 
responsibility for management than to plan for up- 
grading and replacements in the managerial hier- 
archy. Training should be fashioned not only to care 
for the unexpected contingiency, but to prepare for 
the one, the five, the ten-year future. To this latter 
end recruitment of young men is essential. Men of 
vigor and enthusiasm, men with fresh and modern 
conceptions of materials, of methods and of men. 
Men who can be trained in the ways of the organiza- 
tion; who can be a force in overcoming any tendency 
toward stagnation; in short men who can keep the 
business young mentally. 

Management, therefore, in order to insure the con- 
tinued efficient operation of the business must formu- 
late a policy of planned development of skills and 
abilities at all levels within the organization, and 
must intelligently approach the problem of personnel 
upgrading and replacement. Essential though they 
are, these policies to be fully effective must be aug- 
mented—they must be coordinated in the field of 
human relations. 


Social and Economic Phenomenon 


It has been said that industry is a social as well as 
an economic phenomenon. It is made up of individ- 
uals who truly must earn their daily bread, but who 
in addition have ideas, beliefs, and convictions; de- 
sires, hope, and plans. These aspirations, these 
cravings, these needs must be recognized and must be 
satisfied to some extent, if an approach to personal 
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peace and contentment is to be attained and reflected 
in organizational cooperation, efficiency and success. 
Enlightened management can go far toward the dis- 
charge of this responsibility through sincerity and un- 
derstanding. Frank, unbiased explanations and dis- 
cussions of union negotiations, of the pension and re- 
tirement fund, of the health and accident insurance, 
of profit sharing, of incentive plans, of safety and 
hygiene, of community projects, of national issues, in 
short, of any major plant policy or outside occurrence 
which intimately affects the employees or the com- 
pany, is educational, it is instructive, and it is prac- 
tical training of the mind. 

Now, let us briefly evaluate these responsibilities of 
top-management in this matter of training, as they 
apply to our own industry, the foundry business. As 
of October, 1951* there were in the United States 
5,299 foundries of all kinds, captive and jobbing, fer- 
rous and non-ferrous. Fifty-three, that is only 1 per 
cent of the total foundries employ 1,000 or more per- 
sons; 21 per cent employ 100 or more; 38 per cent 
employ 20 or more; and 41 per cent employ less than 
20. In other words, 80 per cent of the foundries in 
this country employ less than 100 persons. 


Justification for Training 


It is evident that ours is an industry with a large 
percentage of small businesses. Naturally, the ques- 
tion arises, is training necessary in these small found- 
ries? How can it be justified? We have indicated 
that training is essential in any business, regardless of 
size, if it is to continue for any length of time as a 
profitable concern. Consider the small foundry with a 
single supervisor. Such an individual has a diversity 
of duties. He must oversee the melting and molding, 
the coremaking and cleaning, the shipping and stor- 
age. He is practically indispensible for the continued 
operation of the business. Training of a replacement 
for such a man is imperative. 

Most larger foundries recognize the need for train- 
ing and have such programs. There exists, however, 
in some instances a complacency in regard to super- 
visory and managerial replacements which is hazard- 
ous for the organization. As an example, top man- 
agement of many foundries in its endeavor to further 
the educational advantages of its supervisory force, 
frequently sends groups to neighboring cities for vari- 
ous types of meetings. Does top management ever 
consider the status of the business, if group disaster 
should overtake such a trip? Does the training pro- 
gram provide for understudies suitably prepared for 
advancement? These are real managerial responsi- 
bilities! 

There is just one other aspect of this training prob- 
lem which should be briefly considered, and that is 
the matter of obtaining replacements from the field 
rather than from within the organization. There is 
no company which has not at times engaged in such 
practice, either purposely or through necessity. Such 
procedure is justified at times on the basis of limited 


* Marketing Guide, Penton Publishing Co., Cleveland. 
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capabilities within the organization, of outmoded 
outlook due to organizational inbreeding, of inordin- 
ate depletion of personnel, of unforseen expansion, 
or major procedural changes. 

Determining the extent to which such practice 
should be followed, in order to maintain the proper 
balance of morale within the organization, is one of 
the more delicate responsibilities of judgment for 
top management. However, regardless of the extent 
to which this policy is pursued, management cannot 
by this means honestly escape the responsibility of 
training. We are dependent beings. We need one 
another. Inordinate selfishness should have no place 
in our organizational thinking. Management should 
feel that if trained personnel are obtained from the 
industry, that it—management—has, in turn, the ob- 
ligation to train others, primarily, of course, for its 
own organization, but in the event that circumstances 
direct future changes, for the industry. 

This axiom that anything which benefits the in- 
dustry as a whole will also result in a benefit to the 
individual members, is a truth which needs constant 


RESPONSIBILITY OF Top MANAGEMENT IN TRAINI\ 


emphasis. It is a firm belief in this truth which shou] | 
prompt top management to look beyond the immed 
ate and specific return for its own business and 1) 
support for example such programs as the Found: 
Educational Program, technical and trade societie 
research projects, and other undertakings of equal! 
general benefit to the industry. Such an attitude 
in truth real enlightened management! 

This industry of ours, even with its preponderan: 
of small units, employes roughly one-half millio: 
people who produce annually more than 22 million 
tons of castings. These castings are the very founda- 
tion of our industrial structure. Upon them is built 
in large measure all other industry. Truly we can be 
proud of our contribution to the progress of our 
country and the world. Equally true is the realiza 
tion that we must recognize the tremendous respon- 
sibility which rests upon the industry for the continu 
ance of such progress and the responsibility which 
rests upon top management within the industry for 
such continued contribution through training. 
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A.F.S. SAFETY, HYGIENE, AND AIR POLLUTION PROGRAM 


By 


~ 


James R. Allan* 


We shall review what the foundry industry has 
done in the past two decades in trying to live up to 
the slogan that “the Foundry is a Good Place to 
Work.” We shall also discuss briefly the problems 
that lie ahead if the industry is to accept the definite 
trends, and the urging of an enlightened public to- 
ward better public relations, freedom from severe 
regulatory control of working and operating condi- 
tions, and the need to keep abreast of the advance- 
ment of the knowledge developed by industrial medi- 
cine. 


Silicosis Problem of Early 1930's 


Many of you remember the silicosis problem of the 
early 1930's during the depression period. Thousands 
of workers were laid off because of no work. Many 
workers, out of work, decided that they could prove 
occupational disease compensation cases, because of 
long exposure to silica dust. Law suits were numer- 
ous and the total of all cases reached a staggering 
sum of money. 

Most foundries were particularly vulnerable and 
few managements knew the fundamentals of the 
cause and effect of pneumonosis and specifically sili- 
cosis. 


A.F.S. Early Efforts to Help Industry 


To bring light on the silicosis situation in those 
days, and to help the industry with recommendations 
to improve their working conditions and to work with 
regulatory authorities, the American Foundrymen’s 
Society organized a Safety and Hygiene Committee 
comprised of a number of engineers and others from 
industry who had a very good understanding of the 
hazards and the measures necessary for improving 
working conditions. 

Among the important accomplishments of this 
Committee were the drafting and publicat-on of a 
number of recommended good practice codes, as fol- 
lows: 


*Chairman, A.F.S. Safety, Hygiene & Air Pollution Committee 
and Manager of Industrial Engineering & Construction Dept., 
International Harvester Co., Chicago. 
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Code of Recommended Good Practices for Grind- 
ing, Polishing, and Buffing Equipment Sanitation 


Code of Recommended Practices for Testing and 
Measuring Air Fiow in Exhaust Systems 


Fundamentals of Design, Construction, Operation, 
and Maintenance of Exhaust Systems 


Code of Recommended Good Practices for Metal 
Cleaning Sanitation 


Recommended Good Safety Practices for the Pro- 
tection of Workers in Foundries 


Code of Recommended Practices for Industrial 
Housekeeping and Sanitation 


During World War II, the Committee prepared a 
code of Recommended Practices for the Protection of 
Life, Property, and Production in Industry during 
the War. 

This latter code was adopted by the Chicago met- 
ropolitan area and many other urban areas as rules 
to safeguard all industry during the war. 

The Foundry Industry benefited quite generally 
from these recommended practice codes as it gave the 
engineers and management some very definite engi- 
neering rules to apply on many of the problems of 
health and safety. The work was helpful to the 
foundry equipment industry as many of the recom- 
mendations were incorporated into equipment design 
or were otherwise provided for. 

All of the code work having to do with foundry 
operations has been pretty generally accepted by the 
major industrial states as a basis for regulatory code 
rules. This is particularly true in Illinois. These 
codes have received world-wide recognition as a guide 
in foundry and allied operations. 

All of this was accomplished by the volunteer serv- 
ices of technicians from the foundry and allied indus- 
tries. The code work cost the Foundry Industry noth- 
ing except a tremendous amount of time of some few 
who served on the Committee. The benefits that the 
industry has derived from this early beginning, try- 
ing to set up reasonable working standards, have 
been great. 








Emphasis on Safety and Hygiene for Future 


The health and safety work of the Committee be- 
gan to lag because the various members who had con- 
tributed so unstintingly of their time and experience 
could no longer spare the time because of involve- 
ment in their respective businesses. The health and 
safety activity of the American Foundrymen’s Society 
ceased, but the need for aggressive work and leader- 
ship in the field of industrial safety continued to grow 
because of newer problems and a better understand- 
ing of the old problems, and also because of greater 
knowledge gained from experience in the field of in- 
dustrial medicine. 

Many of us have realized that some agency should 
be set up to carry on where we left off in the middle 
1940's. There has been a “let George do it” attitude 
for some time, until the National Castings Council 
made a careful study of the whole situation and 
reached the conclusion that the American Foundry- 
men’s Society as the technical society for the castings 
industry was the one and only agency that could re- 
activate the safety and hygiene program, based on 
their past successful efforts, and carry on for the 
future. 

The safety and health program for the future 
must be on a planned basis and must be administered 
and steered for the benefit of the whole industry. It 
cannot be a hit and miss proposition. It has to be a 
continuing active program. This is going to take 
the full-time efforts of qualified individuals as mem- 
bers of the American Foundrymen’s Society technical 
staff to supervise the program. 

The American Foundrymen’s Society Board of Di- 
rectors approved a resolution in order to prescribe 
the functions of the activity as follows: 


“The Safety and Hygiene and Air Pollution Program of 
A.F.S. shall be devoted to research and the accumulation 
of engineering data for the development of recommended 
practices in the field of Foundry Safety, Hygiene and Air 
Pollution.” 


I further quote from the prospectus of the Society's 
published brochure as follows: 


“The American Foundrymen’s Society does not intend to 
undertake the writing of regulatory codes nor to endeavor 
to influence legislation favorable to the industry; but 
rather, it will assemble authoritative data intended to as- 
sist foundries, lawmakers and others in developing reason- 
able standards of safe, practical working conditions. It is 
a governing principle of A,F.S. to ‘advocate nothing but 
analyze all, selecting for dissemination only that which 
meets accepted high standards’.” 


Part of the program will be the compiling of a 
reference library including regulatory code publica- 
tions and miscellaneous data. Available data will be 
correlated and, where lacking, limited research will 
be undertaken under definite contracts with patent 
protection for the membership. Existing research 
facilities will be employed where practicable. It will 
be a program policy to consider aspects of industrial 
medicine as well as engineering standards. 

The program has been definitely put in motion 
even before the full amount of the funds necessary 
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for its continuance have been pledged because of th: 
urgency and needs now confronting the Foundry In 
dustry. 

Work is already under way in the American Foun 
drymen’s Society in reviewing and to determine th: 
need for any revisions of the past recommended gooci 
practice codes. All of this activity will be guided 
within the limits set by the American Foundrymen’: 
Society Board of Directors and an appointed Safety 
and Hygiene and Air Pollution Steering Committee 

Some of the projects and good practice codes al- 
ready listed for attention are: 

(a) Woodworking 

(b) Exhaust Systems for Electric Melting Furn- 

aces 

(c) Welding code, to include welding and gener- 

ating plants for acetylene and oxygen 

(d) Acoustical treating of work areas to minimize 

noise 

(e) Control of external air pollution 

(f) Ventilation requirements for sand handling 

systems and shake-outs 

(g) Ventilation of non-ferrous melting furnaces 

(h) Ventilation of the general working area 

In addition to this, there is need for careful study 
to be given to the question as to the type and mag- 
nitude of foundry stack emissions, efficient dust and 
fume collectors for furnace emissions, and the in- 
fluence of the height and aerodynamics of stack ef- 
fluents. 

The so-called Welding Code is one of the most im- 
portant items because in Illinois we are looking for 
some guidance in a welding code that must be adopt- 
ed in that state, having the force and effect of law. 
This will have to be presented to the Illinois Indus- 
trial Commission this Summer (1952) for review. 
The basic work on this code is being done by others 
outside of the Foundry Industry, but we are looking 
to the Foundry Industry for helpful suggestions be- 
cause they are greatly involved. Unfortunately the 
time is too short for the Foundry Industry to really 
render all of the help that they could if the new 
technical setup had been created a little sooner . 

Other similar problems will come up faster than 
we think. Industry needs guidance but that guid- 
ance should come from our industry—not from other 
agencies that may not understand our problems too 
well. 

The American Foundrymen’s Society last Fall 
(1951) started a drive with its membership, to raise 
funds to make this Health and Safety program an 
actual fact, and to be sustained over a long period 
of time—not less than ten years. It is conservatively 
estimated by those having to do with setting up this 
program, that a minimum of $350,000 is needed for 
this long-range program. It needs and must have 
your financial support because the American Found- 
rymen’s Society is the one agency that has done most 
in the field of health and safety to date for the 
Foundry Industry that has been of real practical 
benefit. 

The American Foundrymen’s Society will receive 
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miuch counsel and guidance in their program from 

hose who have been long associated with it in the 
ast. The need is real and urgent to reactivate and 
carry on in the interest of health and safety and air 
pollution control work. We can only point out that 
if the American Foundrymen’s Society does not carry 
on, some other agencies will do the job for us, pos- 
sibly in a way that the industry will not like—if we 
do not all cooperate and assume our leadership in 
this important work. 


New Problems Confronting Industry 


Until recently, you have been concerned in your 
business with safety and health problems inside your 
buildings. Some of you have done a splendid job in 
improving conditions and trying to prove that “the 
Foundry is a Good Place to Work.” Some others un- 
fortunately have not done as much to improve con- 
ditions as they should have, but in the meantime an 
enlightened public is insisting that attention be paid 
to industry’s effect on the surrounding neighbor- 
hoods in which they are located. 

Much is being said in the public press today about 
unhealthy and dirty atmospheric conditions created 
by all types of industry in various localities and neigh- 
borhoods. Legal action is being taken to force in- 
dustries to clean up the outside air so that the pub- 
lic can enjoy the surrounding area, free of obnoxious 
gases, odors and dust. 

The various city so-called “smoke ordinances” are 
being expanded to include all types of contaminanis, 
hence the foundry is particularly vulnerable. 

Do not forget this, that any owner of a piece of 
property adjacent to an industrial plant can, by 
means of law, stop by injunction any plant from 
covering his property with dust or dirt, fumes, gases, 
and even stop excessive noise, like the unloading of 
pig iron and scrap, if it interferes with his normal 
rest. It makes no difference if the plant was there 50 
years and the complaining neighbor just moved in 
next door; the burden of cleaning up the outside 
situation is up to the plant. 

I am informed that in certain cities some foundries 
already are defending damage suits because of core 
room odors, and dust, dirt, smoke and fumes from 
cupolas and effluent from poorly designed dust ar- 
rester systems, on the basis that it is damaging to 
homes and property. 

There is pending in the Senate of the United 
States Joint Resolution 110: 
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“To provide for intensified research into the causes, ha- 
zards, and effects of iir pollution, into methods for its 
prevention and control and for recovery of critical materials 
from atmospherie contaminants, and for other purposes. 
“Whereas certain industrial processes, the use of certain 
fuels, and other activities have caused serious air pollu- 
tion in many areas of the United States; and 

“Whereas deaths, serious illness and suffering from ait 
pollution strike not only industrial workers but their fami- 
lies as well; and 

“Whereas air pollution is causing many deaths and illnesses 
among the people of the United States and extensive dam- 
age to public, industrial, and residential structures, to 
clothing and personal property, agriculture, forests, live- 
stock and to other property; etc.” 


Recently certain state legislatures have been giving 
consideration to creating commissions to study the 
problem of air pollution. 

The rather recent Denora, Pa., incident and the 
Los Angeles radical approach to cleaning the air of 
contaminants have spark plugged the drive through- 
out the country for relief from air pollution. 

Many of us have been giving a lot of attention to 
the problem of the abatement of air pollution, but I 
can tell you that we do not have too many answers 
yet. Research is going on in some of the equipment 
companies in an attempt to find a practical and not 
too expensive way of capturing cupola dust, stnoke 
and fume. At the present time a large foundry oper- 
ating a battery of cupolas could easily spend $350,000 
on an installation to do this. This is the total 
amount of money the American Foundrymen’s So- 
ciety needs for its ten-year program. 

We again emphasize the need for your companies’ 
contributions to support the Safety and Hygiene and 
Air Pollution Program because the program is going 
to help find the answers to our foundry problems 
and endeavor to create a sane approach to some prob- 
lems that we do not yet know too much about. 

Already quite a few compensation cases are appear- 
ing around the country because of effects of noise on 
the human body. Acoustical treatment of work areas 
or the adoption of operations that will reduce noise 
levels is not too far off. Authorities are now studying 
the noise problem. In some states, committees are al- 
ready working with regulatory bodies to find some 
answers to the problem. Here, again, the American 
Foundrymen’s Society Safety and Hygiene and Air 
Po!llution Program can be of inestimable value to all 
its members if the industry will make it possible 
financially. 








SINGLE OBJECTIVE SAFETY 


By 


e 


Dan Farrell* 


In the early days gold was discovered in the West. 
Vast amounts were mined, using hand methods and 
crude implements of the times. These methods, how- 
ever, were inadequate for further mining. The mines 
were abandoned. All that remained were waste dumps. 

But a later generation with increased know-how 
and new processes took from the abandoned mines 
more gold than had come from them originally- 
proof that progress and discoveries are not limited 
to new frontiers. And so it has been with safety. 
Where have the greatest improvements been made? 
The obvious starting point was the working environ- 
ment and facilities and we have seen such develop- 
ments as improved lighting, traffic lanes, guards and 
many others. The protection of the individual came 
in for its share of consideration in the form of safety 
equipment such as goggles, helmets and welding 
gloves, to name but a few. 





1940 to 1948 shows little, if any, additional progress. 
But the mines have not been abandoned. 

Future progress lies within the gap which remains 
from where we are now to where we want to be. In 
that area hitherto untapped lies additional pay dirt. 
We know that where proper design, maintenance, 
and use of our facilities are observed, relatively few 
accidents are traceable to these facilities or the lack 
of personal protective equipment. It seems only 
reasonable to believe that since individuals continue 
to be injured, the source of injury must be traceable 
largely to an act or series of acts or even the failure 
to act on the part of individuals. 

These acts may be as familiar as touching a light 
fixture while standing on a wet floor, leaving objects 
as tripping hazards, walking under suspended ma- 
terial, or the simple act of striking a paper match 
before closing the cover. In searching for clues to 
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In motivating safety-consciousness we have safety 
rallies, huddles, personal safety contacts on the job, 
posters, and slogans like “Safety-first.”” That all of 
these approaches produced pay dirt is substantiated 
by the accident frequency record of the American 
steel industry. The record, however, from the year 





* Supervisor of Safety, United States Steel Co., Pittsburgh. 














these unsafe acts, it is impossible to digest such a 
mass of information unless it is first put into mean- 
ingful form. This can be done by the way of the 
occupation since most of these acts leading to injury 
are performed in connection with one’s assigned 
duties. 

Therefore, the first step in approaching the prob- 
lem in any department or unit is to get the facts and 
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mike a simple tabulation of the frequency of acts 
responsible for injury in each occupation involved. 
From this tabulation we can then spot the critical 
situations. Those occupations which show the great- 
est frequency of accidents and unsafe practices will 
come into the spotlight as will the act or acts re- 
sponsible. 


Take Corrective Action 

Having determined the critical situations by statis- 
tical analysis, it is now possible to single out ob- 
jectives. With the objective determined, we can now 
take action. Corrective action begins with a study on 
the job which may reveal that additional guards on 
lacilities may be required. It may also disclose the 
lack of personal protective equipment. But more im- 
portant, as experience has determined, the employee 
may have developed unsafe work habits which only 
a study on the job can detect. 

The single objective approach does not attack 
safety problems on a broad, general basis. The single 
objective approach does establish a series of individual 
targets which can be hit one by one. 
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So much for the theory itself. Now let us see how 
it works in practice. To get at the facts, suppose we 
read a typical description from a Foreman’s Accident 
Report: “The injured man touched hot bar while 
picking it up to place it on pile and burned his hand.” 
In this description, as in all other accident descrip- 
tions, we look for three facts. First, what is the oc- 
cupation—Piler. Second, what act is involved— 
touched hot bar. Third, what part of the body was 
injured—hand. 
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In order to correlate the many thousands of Fore- 
man’s Accident Reports and record the occupation, 
act involved, and the part of the body injured, it is 
necessary to use what we call an Awareness Chart. 
In tabulating the case just mentioned, the piler oc- 
cupation is shown as one heading and the act in- 
volved, “touching hot bar while piling,” as the other 
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heading. Then, for simplification, the parts of the 
body injured are designated by seven code letters. 
Here, the code letter “H” is used for hand. Against 
it is placed one tally to record the accident. 

From an Awareness Chart completed for the Splice 
Bar Department from a review of various Foreman’s 
Accident Reports of minor and lost time accidents 
we found that we can spot the critical situations. 
They center around four occupations of the 19 in the 
department and concern only eight acts. Let us con- 
sider more closely the facts concerning the piler oc- 
cupation. Of these acts, all concerned with piling, 
four occur most frequently namely, bars rolling off 
pile, striking against pile, touching hot bars and 
catching hand between bars. 


PILER ACCIDENTS 


BAR OROP FROM PILE 
* (I? ACCIDENTS) 








TOUGH HOT BARS 
(tl ACCIDENTS >» 


STRUCK AGAINST PILE 
(1! ACCIDENTS ) 


CAUGHT BETWEEN BARS 
(10 ACCIDENTS ) 


In the first case there were 17 injuries to the em- 
ployees’ feet or legs because the top overhanging bar 
had been falling off the pile before it was keyed in by 
the next layer. The supervisors, wishing to eliminate 
these 17 accidents, went out and studied the job on 
the job. Their study revealed that the simple act of 
inserting a small wooden block to support the over- 
hanging bar until it was keyed in accomplished their 
objective. The other three acts, the difference be- 
tween 17 and 54 accidents, involved the establishment 
of but one safe method of performance namely, the 
placing of a bar on the pile. This method included 
the wearing of hand leathers and the raising of one 
end of the bar well above the pile. In completing 
the method, the middle of the bar is lowered onto 


















the edge of the pile. Bhe upper hand is released and 
the bar is then pushed onto the pile with the other 
hand. Thus, by establishing but two safe methods, 
four unsafe acts were eliminated. 


Through the Awareness Charts, the supervisors of 
this department became aware that a critical situation 
existed in this hooking operation. The single objec- 
tive took the form of the following method, The 
hands are placed to the outside of the chains, well 
above the lift to eliminate pinch points and so the 
chains draped over the end of the lift. The feet are 
not used to position the chains and are kept in the 
clear to prevent foot or leg injuries. In lifting with 
a spreader bar, the Awareness Chart revealed many 
injuries to the employees’ hands and body in perform- 
ing this operation. A study on the job indicated a 
hand hook should be used instead of the hands to 
pull the chain under the lift. This method eliminates 
arm and body contacts with the load. 


Digging out the tap hole is an operation of much 
concern in the open hearth. In the development of 
safe performance, personal protective equipment has 
been given very positive consideration. ‘The employee 
is furnished asbestos clothing for adequate body pro- 
tection. While statistical analysis is important, it is 
definitely not a substitute for on-the-job observation. 

In perpetuating the Single Objective Safety pro- 
gram, the use of a Control Chart has proved invalu- 
able. This chart provides a running inventory of the 
frequency of the acts involved in injury for each oc- 
cupation. When no tallies appear, the objective is 
achieved. If injuries are tallied, there is a call for 
more study out on the job. 

The same experience was encountered in the Splice 
Bar Department where the Awareness Chart showed 
four occupations out of the 19 accounted for 75 per 
cent of the accidents, and typifies the experience we 
found in other departments. The chart prepared by 
Plant A which shows that 8 of the 64 occupations 
accounted for 50 per cent of their injuries. In the 
maintenance unit in Plant B, 5 of the 13 occupations 
accounted for 77 per cent of the injuries. At Plant 
C, the Cold Strip Finishing Department had a similar 
experience in that 6 of the 41 occupations accounted 
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for 71 per cent of the injuries. As a final examp!., 
the experience of the foundry at Plant D was th. 
6 of the 27 occupations accounted for 63 per cent «{ 
the injuries. We believe that this is sufficient proc | 
that our efforts need not be aimless or without guid.- 
posts to show us the way. 

In the total accident picture, the portion of the 
picture which has received the most emphasis his 
been lost time accidents and well it should, for the 
uselessness of human suffering colors a problem which 
none of us should lose sight of. Yet for every lost time 
accident there are scores of minor accidents stemming 
from the same type of act. Industrial experience 
shows that these minor accidents constitute as much 
as 99 per cent of the picture—accidents that could 
have been lost time accidents. 

The total accident picture can be improved when 
we get the facts—spot critical situations—single out 
objectives—establish safe methods of performance. 
No blueprint in itself ever put up a building. No 
safety plan in itself ever eliminated accidents. All 
planning can do is point out the way. Single Ob- 
jective Safety is a blueprint to simplify the task. 
That is all than can be claimed. But add to this in- 
itiative, perseverance and devotion to a cause and the 
objective can be achieved. 

The Three “C’s” of Safety 

“Single Objective Safety,” deals primarily with the 
necessity of establishing safe methods of performance. 
Awareness Charts show the areas on which we should 
concentrate attention. Above everything else, ‘Single 
Objective” stresses an awareness or comprehension of 
all aspects of the job, with equal emphasis on the 
human element, the mechanical element, protective 
clothing and other related factors. To assist our super- 
visors in the continued use of “Single Objective” and 
to stimulate further the all-important factor of aware- 
ness, we are giving them an additional tool, the Three 
“C's” of Safety, which are Comprehension, Contact 
and Control. 

The Three “C’s” were developed from an objective 
analysis of 2,000 heavy-industry accident reports. In 
our analysis, report after report revealed that while 
injuries were summed up by such generalized state- 
ments as, the employee “assumed a hazardous po- 
sition,’ “he erred in judgment,” “there was lack of 
interest,” or, “he was careless.” The descriptions of 
the accidents at the same time indicated that an em- 
ployee was injured through contact with some object. 
For example, he caught some part of his body be- 
tween one object and other object, or conversely, that 
his body was in motion and struck against an object 
not in motion, or some portion of the employee's body 
was struck by a moving object. 

As the study proceeded, these three factors—caught 
between, struck against and struck by—appeared with 
startling frequency. Eventually, they began to form 
a pattern. The study also disclosed that the only 
objects an employee could have contact with were 
solids, liquids or gases. The recognition of these 
limited possibilities of contact simplified the task of 
classifying accidents. 
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Typical Accident Cores 


Suppose we look at a few typical cases. First, caught 
between. Here a temporary prop was used to support 
a bin. Where such temporary supports are used, 
the possibilities of being caught between are always 
present. The positioning of heavy objects by hand— 
sich as unloading heavy material from trucks—pre- 
sents many possibilities of injurious contact. Perhaps, 
in instances, the use of magnet cranes or dump trac- 
tors can eliminate these sources of injury. In this 
instance, the employee is shearing material with a 
mechanically operated shear knife. While many opera- 
tions require precise positioning of objects, every pos- 
sibility, where contact is involved, should be compre- 
herded or visualized and steps taken to correct the 
sitvaiion. 

When moving material by cranes the lift itself rep- 
resents one of the greatest possibilities of injurious 
contact. The employee’s hands may be caught be- 
tween the lift and the pile. He could also be struck 
by the chain or the lift. Yet, these situations arise, 
despite the fact that all of us in heavy industry know 
about safety handles, hand hooks, and other tools to 
prevent employees from coming into direct contact 
with injurious objects. 

It is necessary, in many instances, that employees 
be in the immediate area of moving equipment and 
material. Suppose a worker is placing a block between 
stacks of sheets which move along a conveyor. The 
stacks must be prevented from striking one another. 
The shortness of the block places his hand in direct 
contact so that it can be caught between the block 
and the stationary stack on the right. 


Striking Against Objects 


In another case a worker's hand was caught between 
a load and the block, when the bracing was forced 
into an upright position, by the weight of steel rods. 

Now let us consider the second group—striking 
against objects. On many occasions, employees of 
their own volition use improvised methods. Imagine 
an employee using a ladle stand as a ladder. Also 
imagine a workman using the back plate of a Bessemer 
vessel as a platform. Improvising takes many forms. 
In one case a wooden column was supported on the 
small base of a jack. In this particular case, the jack 
collapsed and the workman fell, striking against the 
planks and the floor. 

In another case a walkway was inadequate. The 
possibility exists for the employee to “strike against” 
hot water piping or some object equally hazardous. 
To prevent situations such as this, a permanent walk- 
way and an adequate drainage system could be pro- 
vided. 

In maintenance jobs, such as removing a bearing 
cap from a vertical turning lathe in a wheel plant, 
injuries occurred due to improvised methods. 

Situations were discussed where employees were 
caught between and struck against objects. The third 
group will be concerned with cases of struck by ob- 
jects. 

On a shear machine it is possible for the man, 
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known as a “catcher,” to be struck by a sheet, should 
one pass through the rolls while he is straightening 
the stacks. Certainly, a better method could be de- 
vised to eliminate the need for him to place his hands 
in the area of contact. A repairman, in trying to 
pass the exhaust valve crosshead through the bonnet 
of an engine, used the wrong tools to cut off the 
bushing. Result was a fractured and. 

From these examples, it must be obvious to you 
that one has to have contact with some object before 
injury can occur. This is true whether it is in the 
home or in industry. In controlling contacts, the 
first step is to anticipate or be able to comprehend 
the possibilities of injury—the ability to “see” while 
we are looking. 

The most phenomenal strides in this direction have 
occurred in the home appliance field. Typical of these 
is the abandonment of the old-fashioned wringer for 
the spin dryer; the departure from iron handles and 
pan holders to nonconductors of heat, such as plastic 
and glass handles. 

Likewise in the automotive field, jacks are now 
made with extensions, improved vision is provided 
along with hundreds of other developments designed 
to eliminate the possibilities of injurious contact. 

In the steel industry, we have followed the same 
line of thinking. A Betts boring machine operator, 
in endeavoring to perform two operations at the same 
time, reached for the mechanism to adjust the ma- 
chine while trying to concentrate on the boring opera- 
tion. His finger was caught between the teeth of the 
meshing gears. After engineering principles were ap- 
plied, an improved method for indexing the feeding 
mechanism and a shield were installed, thereby elimi- 
nating the possibility of contact. 

We believe there is still considerable distance to go 
in eliminating injurious contact. But to do this it is 
necessary to study every job to comprehend all the 
possibilities of injurious contact. An analysis sheet 
enables us to spot those parts of the job where em- 
ployees might experience injurious contacts and be 
caught between, struck against or struck by objects. 

Suppose we analyze a job in a rolling mill. The 
occupation is “spot scarfer.” He is “turning slabs on 
edge for strapping into bundles.” The steel slabs are 
placed flat upon skids to facilitate cutting them into 
proper lengths. It is necessary, next, to set them up 
on edge and bundle them with wire. First, are de- 
termined the objects capable of inflicting injury dur- 
ing this operation. They are the slabs, the skids and 
the tongs. Now, let us look at the possibilities of 
injurious contact with these objects. An employee 
can be caught between the “slabs and skids,” either 
while “turning slabs or after turning” them. He can 
be caught between the “arms of the tongs,” also, while 
“turning slabs.’’ Another possibility is that he can 
strike against the skids during the walking he must 
do on the job; or in losing balance through undue 
exertion, he can strike against the tongs. Finally, he 
can be struck by the slabs, also, during or after the 
turning operations, and because of the manner in 
which he must stand to use the tongs, he faces the 
possibility of being struck by them. 
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Knowing these possibilities, the next step is to 
control the situation by developing a safe procedure. 
These hazards can be minimized—in fact, virtually 
eliminated—by the following method: “provide holes 
in skids so that steel pins can be placed in holes to 
prevent slabs from falling after they have been turned. 
Tongs should be eliminated and a turning wrench 
employed to eliminate the possibility of being caught 
between the arms of the tongs and to provide proper 
leverage for turning.” 

Having analyzed the job and found a safe method 
of performance, let us check ourselves—‘Does the 
recommended procedure eliminate contact?” With 
the use of steel pins to hold the slabs in place and 
a turning wrench which provides proper leverage, we 
can say yes with respect to the possibilities of being 
caught or being struck by objects. However, as long 
as the employee must remain in close proximity to 
the slabs, skids and tongs or turning wrench, we 
cannot eliminate the possibility of his striking against 
these objects. 

Let us consider another job—positioning a crane 
magnet over wheel blanks at a water pit where they 
have been cooled. Wheel blanks, as you know, are 
the sections of steel from which railroad car wheels 
are forged. Under objects capable of inflicting injury 
are listed the magnet, the wheel blanks, hot water, 
hand hook, the column behind the man and the rail 
on the ground. The possibility of the employee being 
cauzht between the wheel blank and the ground 
exists any time the magnet is handling the blanks 
and the employee is in the area. He can strike against 
the hot water, the magnet or the column while po- 
sitioning the magnet, and he can strike against the 
rail either in walking or, again, while positioning the 
magnet over the wheel blank. He can be struck by 
the blank, magnet or splashing of the hot water 
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during the magnet’s handling of the blank. The han! 
hook can strike him, while he is positioning the ma 
net. 

To control the possibilities of contact, the pi: 
should be reconstructed so that it is no more tha‘ 
6 in. wider than the magnet. A trough with wooden 
sides should be built the entire length of the crane s 
path on each end of the pit so that there is no chance 
of the blanks rolling beyond the reach of the magne 
This arrangement, or a conveyor, would elimina: 
the necessity for the employee to be in the area where 
the above contacts are possible. If this procedure is 
followed, all of the listed possibilities for injurious 
contact would be eliminated and controlled as far 
as this employee is concerned in his job situation. 
As one can see from these analyses, the problem facing 
industry can be solved if our plans avoid the maze 
of abstract thinking that has tended to inhibit our 
actions in the past. We believe our next major gain 
toward the ultimate solution of the problem lies in 
the principles of the Three “C’s’” of Safety—Com 
prehension, Contact and Control. 


DISCUSSION 


Chairman: J. M. Kane, American Air Filter Co., Louisville, 
Ky. 

Recorder: H. F. Scosir, American Foundrymen’s Scciety, Chi 
cago. 

F. B. SkEATES:* Does the Safety Division of your Company 
have final authority in correcting unsafe conditions it discovers? 

Mr. FARRELL: In our Company safety is a staff responsibility 
so when an unsafe condition is discovered, it is promptl) 
breught to the attention of the operating department involved 
Under normal conditions, the operating department immediately 
corrects the unsafe condition referred to it. Should it be neces 
sary, there are operating channels to use as high as the Vice 
President-Operations should that step be required to correct an) 
unsafe condition found. 


"1 Plant Supt., Link Belt Co., Chicago 














EFFECTS OF GATING PRACTICE ON LEAK TIGHTNESS 





OF 85-5-5-5 AND 81-3-7-9 ALLOY CASTINGS 


By 


J. G. Kura* and L. W. Eastwood** 


Introduction 


Foundrymen will universally agree that gating 
practice is an important aspect of foundry operation. 
There is, however, no universal agreement regarding 
the best method which should be employed to gate 
the castings. Recent studies }} * sponsored by the 
American Foundrymen’s Society have shown that 
turbulence and air aspiration must be carefully 
avoided if sound castings of reactive metals are to 
be produced. 

On the basis of this work, it appeared that it would 
be more desirable to gate experimental leak-test cast- 
ings at the bottom in order to avoid the turbulence 
which would occur if the melt was introduced at the 
top of the mold cavity. This, however, differed from 
some commercial practices. Accordingly, an investi- 
gation was undertaken to compare the effects of gating 
practice on the leak tightness of 85-5-5-5 and 81-3-7-9 
alloys. Incidentally, the effects of pouring tempera- 
ture and melting practice were also determined, and 
a comparison was made of the relative susceptibilities 
of the two alloys, 85-5-5-5 and 81-3-7-9, to leakage. 
This paper describes the results obtained in this in- 
vestigation. 


Experimental Procedure 


Duplicate 300-lb heats of 85-5-5-5 and 81-3-7-9 alloys 
were prepared by a good melting practice in a high- 
frequency induction furnace equipped with a silica 
crucible, and in a gas-fired tilting furnace equipped 
with a clay-graphite crucible. A total of eight heats, 
four of each alloy, were prepared with charges con- 
sisting of ingot metal. The maximum temperature 
of the metal in the furnace was approximately 150 F 
higher than the highest pouring temperature em- 
ployed. Strongly oxidizing conditions were main- 
tained throughout all melting operations. 

When the desired maximum temperature was 
reached, the melt was skimmed and transferred to 





* Assistant Supervisor, Nonferrous Metallurgy, Battelle Me- 
morial Institute, Columbus, Ohio. 

** Formerly Supervisor at Battelle Memorial Institute, now 
Assistant Director of Research, Kaiser Aluminum & Chemical 
Corporation, Spokane, Washington. 
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a thoroughly preheated pouring ladle. Ladle. ad- 
ditions of 114 lb of zinc to every 100 Ib of 85-5-5-5 
alloy and 134 lb of zinc to every 100 lb of 81-3-7-9 
alloy were made to compensate for the zinc lost during 
melting. Approximately 2 oz of 15 per cent phosphor- 
copper per 100 lb of melt were added to both alloys 
after the zinc addition had been made to the ladle 
during the transfer. 

When the melts in the pouring ladle had cooled 
to the proper pouring temperature, as indicated on 
the accompanying charts, they were poured into green 
sand molds. The sand had an A.F.S. permeability 
of about 51 and a green compressive strength of 15 
psi. —The molds were rammed to a hardness of ap- 
proximately 65. One test-bar casting, similar to the 
ASTM Tentative Standards B208-49T, Fig. 3, was 
poured from each heat in.order to evaluate the qual- 
ity of the melt obtained. Leak-test castings were 
gated in three different ways. 


Pouring Temperatures and Gating Designs 


Each type was poured at three different tempera- 
tures. The three different gating designs are illus- 
trated by Figs. 1, 2, and 3. Further details of the 
sprue-base design employed for the two top-gated 
patterns are illustrated by Fig. 4. Although the gating 
designs illustrated are not necessarily representative 
of current commercial practice, they represent what 
might be expected with castings (1) gated at the 
bottom, (2) gated at the top without a riser, and 
(3) gated at the top with a riser. 

After the castings had cooled, they were shaken 
out of the mold and sandblasted. The test bars were 
then machined to standard 0.505-in. diameter threaded 
bars with a 2-in. gage section. Their densities were 
then measured before obtaining the tensile properties. 
The leak-test castings were faced off at éach end, 
their densities measured, and leak tested. 

After the leak tests had been completed, the interior 
and exterior of the cylinders were machined to the 
dimensions shown in Fig. 5. Densities were again 
measured, after which the cylinders were again sub- 
jected to leak tests. All of the leak testing was done 
by using a nitrogen atmosphere up to a pressure of 
1300 psi. The pressure at which leakage first occurred 
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Fig. 1—Leak-test casting, bottom gate. 
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Fig. 3-—Leak-test casting, top gate. 
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Fig. 2—Leak-test casting, top gate with riser and 
tapered walls. 
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Fig. 4—Top and sectional views of runner and sprue 
used with top gates (Figs. 2 and 3). 





was determined. If the cylinders leaked very badly, 
the testing was discontinued at a pressure which pro- 
duced a large volume of leakage. 

All of the melts were analyzed and found to be 
well within the ASTM specification limits. Typical 
analyses were as follows: 


Composition, Per Cent 


Sn Pb Zn Fe _ Sb Ni P 








Alloy Cu 
85-5-5-5 84.75 489 498 4.50 0.06 0.19 061 0.013 
81-3-7-9 80.82 3.09 6.77 855 0.17 0.18 0.41 0.014 





Experimental Results 


The tensile properties and densities obtained on 
the test bars are listed in Table 1. The generally high 
tensile properties and high densities obtained on the 
test bars indicate that most of the melts were of ex- 
cellent quality. The last heat of 85-5-5-5 alloy had 
intermediate tensile properties, indicating a melt of 
only fair quality. 

The leak-test data were analyzed in various ways to 
show the effects of gating practice, melting condi- 





tions, alloy composition, and pouring temperature on 
the susceptibility of the castings to leakage before 
and after machining. It should be emphasized that 
the castings, machined inside and out, are much 
more likely to leak than castings with the as-cast skin 
in place. The outer skin of the casting tends to be 
of a greater degree of soundness than the interior of 
the casting. This fact should be borne in mind 
when noting the relatively high percentage of leakers 
obtained after the castings had been machined. 


Effects of Melting Practice: As noted previously, 
good melting practice was employed to produce melts 
in both the high-frequency induction furnace and the 
gas-fired tilting furnace. The induction furnace was 
equipped with a silica crucible, the gas-fired furnace 
with a clay-graphite crucible. Figures 6 and 7 show 
the effects of furnace type on the occurrence of leak- 
ers in leak-test cylinders of both alloys before and 
after machining. It will be noted that the percentage 
of leakers is much higher after the cylinders were 
machined. In this instance, the gas-fired furnace pro- 
duced melts which most closely approached the op- 
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Fig. 5—Machined 
leak-test casting. 











timum gas content to give the lowest percentage of 
leakers. 

It will be shown later that the melts produced in 
the induction furnace have a higher density, indicat- 
ing that melts made in this furnace had lower gas 
content than those made in the gas-fired furnace. In 
this instance, however, the gas content of the melts 
prepared in the induction furnace is lower than the 
optimum value for maximum leak tightness of the 
castings poured. 

It does not follow, however, that the lowest per- 
centage of leakers will always be obtained by melts 
in a gas-fired furnace. Experimental work described 
in another paper® showed that the optimum gas con- 
tent of the melt was more nearly approached in the 
high-frequency induction furnace than in the gas- 
fired furnace, a condition which was the reverse of 
that shown by Figs. 6 and 7. 


Reduce Gas Contents 

It is well to emphasize that the optimum gas con- 
tent which will produce the lowest percentage of 
leakers is somewhat critical. Better control can usual- 
ly be obtained in the foundry if melts of very low 
gas content can be consistently produced. If difh- 
culties with leakage are encountered because of ex- 
cessively low gas content of the melt, the pouring 
temperature can be increased slightly to increase the 
gas absorption from the mold to offset the low gas 
content of the melt. On the other hand, if the gas 
content of the melt is too high to produce the maxi- 
mum degree of leak tightness, there is not much the 
foundryman can do except to melt the alloy under 
better conditions. 

The effects of furnace design on the relative gas con- 
tents of the melts are indicated by Fig. 8, which shows 
the effect of pouring temperature on the density of 
the castings poured from melts made in the two 
furnaces. It will be noted that the induction furnace 
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Fig. 6—Effect of melting method on leak tightness of 
cylinders of 85-5-5-5 alloy at various testing pressures. 
Each curve represents the average value for 36-72 cylin- 
ders gated by 3 different methods and poured over the 
temperature range 2000-2135 F from duplicate melts 
prepared by a good practice. 
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PERCENTAGE OF LEAKERS 
Fig. 7—Effect of melting method on the leak tightness of 
cylinders of 81-3-7-9 alloy at various testing pressures. 
Each curve represents the average value for 64-68 cylin- 
ders gated by 3 different methods and poured over the 
temperature range 2005-2140 F from duplicate melts 
prepared by a good practice. 
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produced castings of the highest density, and that the 
density was reduced by machining off the outer sound 
casting surface. 

Effects of Gating Practice: As illustrated by Figs. 1, 
2, and 3, castings were gated at the bottom, at the 
top with a top riser, and at the top without a riser. 
The relative merits of these three gating systems are 
illustrated by Figs. 9, 10, 11, and 12, wherein the re- 
lationship between percentage of leakers and testing 
pressure is shown. In each instance, castings of both 
alloys, before and after machining, have the greatest 
degree of leak tightness when they are gated at the 
bottom, and are least leak tight when they are gated 
at the top without a top riser. It will be shown later 
that the primary reasons for the greater degree of 
unsoundness in the top-gated castings are as follows: 

1. The greater amount of trapped gasholes and 
dross resulting from the metal cascading into the 
mold cavity of the top-gated castings. 

2. The more frequent occurrence of shrinkage in 
the top-gated castings, particularly in the ones not 
having a top riser. 

Figures 13 and 14 show the effects of gating prac- 
tice on the densities of the leak-test cylinders poured 
over a range in temperature. It will be noted that 
the cylinders poured with a bottom gate have high 
densities, while those poured with the top gate and 
no riser have low densities. Those poured at the top 
with a riser have densities in the unmachined condi- 
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Fig. 8—Effect of melting furnace and pouring temperature 
on the density of leak-test cylinders of 85-5-5-5 and 81- 
3-7-9 alloys. Each point represents the average value for 
10 to 20 cylinders from duplicate melts prepared by a 

00d practice and poured into molds gated by three 
different methods. 
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Fig. 9—Effect of gating practice on the leak tightness of 

as-cast cylinders of 85-5-5-5 alloy at various testing pres- 

sures. Each curve represents the average value for 36 

cylinders poured over the temperature range 2000-2135 F 

from duplicate melts prepared by a good practice in 

induction and gas-fired furnaces. 
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TABLE ]1—-TENSILE PROPERTIES* OF MELTS PREPARED 
FOR THE STUDY OF THE EFFECT OF GATING PRACTICE ON 
THE PRESSURE TIGHTNESS OF 85-5-5-5 AND 81-3-7-9 
ALLOYS 





Pouring Tensile Elong. Density 
Heat Melting Temp., Strength in Fracture gr/ 
No. Furnace F psi 2in.,% Rating** cucm 
i 85-5-5-5 Alloy 
6911A Induc- 2150 36,600 34.0 





Slightly 8.75 


AL _ tion 36,600 46.5 coppery — 
Average 36,600 40.2 
6912A Induc- 2130 37,900 43 Slightly — 
AL _ tion 37,900 37 coppery 8.83 
Average 37,900 40 
6916A Gas 2150 37,200 39 Slightly 8.74 
AL Fired 37,600 40 coppery — 
Average 37,400 39.5 
6982A Gas 2150 35,000 28.5 Slightly 8.71 
AL Fired 35,400 32 coppery — 
Average 35,200 30.2 
81-3-7-9 Alloy 
6915] Induc- 2000 33,500 25.5 Slightly 8.87 
JL tion 33,100 25.0 coppery — 
Average 33,300 25.2 
6983] Induc- 2000 31,500 23 Gray 8.86 
JL tion 33,500 27 Slightly — 
Average $2,500 25 coppery 
6917] Gas 2000 33,300 29 Slightly 8.88 
JL Fired 34,600 33 coppery — 
Average 34,000 31 
6984] Gas 2000 31,700 23 Slightly 8.83 
JL Fired 33,200 26 coppery - 
Average 32,500 24.5 


*Double horizontal full-web-type bar gated according to 
Tentative ASTM Standards, B208-49T, Fig. 3. 

**Gray indicates sound metal. Slightly coppery indicates 
presence of a small quantity of microporosity. 
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PERCENTAGE OF LEAKERS 
Fig. 10—Effect of gating practice on the leak tightness of 
machined cylinders of 85-5-5-5 alloy at various testing 
pressures. Each curve represents the average value for 
46 to 48 cylinders poured over the temperature range 
2000-2135 F from duplicate melts prepared by a good 
practice in induction and gas-fired furnaces. 


tion comparable to the bottom-gated cylinders but, 
in the machined state, they are lower and intermedi- 
ate between the bottom-gated cylinders and cylinders 
gated at the top without a riser. 

Effects of Pouring Temperature: As indicated pre- 
viously, the leak-test cylinders were poured within 
three fairly narrow ranges of pouring temperature. 
The effects of the pouring temperature on the occur- 
rance of leakers in both alloys before and after 
machining the cylinders are illustrated by Figs. 15 
and 16. . 

It has been shown in a previous paper® that 
high pouring temperatures of the order of 2250 F, 
in 85-5-5-5 alloy, greatly increase the percentage of 
leakers obtained, because at these high pouring tem- 
peratures large volumes of gas are absorbed from the 
mold and the gas is reprecipitated again during solidi- 
fication of the casting. This causes the occurrence of 
a large volume of microporosity, which is one of the 
principal causes of leakers. Specifically, the lowest 
percentage of leakers was obtained at the following 
pouring temperatures: 





Alloy Condition Best Pouring Temperature, F 
85-5-5-5 As-cast 2070 to 2100 (medium) ze 
85-5-5-5 Machined 2070 to 2100 (medium) 
81-3-7-9 As-cast 2110 to 2140 (high) 
81-3-7-9 Machined 2045 to 2140 (high and medium) 





The significance of these specific temperature ranges 
may not be too real. It is quite likely, however, and 
there is considerable evidence to support the con- 
clusion, that the very low-pouring-temperature ranges 
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PERCENTAGE OF LEAKERS 
Fig. 11-——Effect of casting practice on the leak tightness 
of as-cast cylinders of 81-3-7-9 alloy at various testing 
pressures. Each curve represents the average value for 
40 to 48 cylinders poured over the temperature range 
2005-2140 F from duplicate melts prepared by a good 
practice in induction and gas-fired furnaces. 
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PERCENTAGE OF LEAKERS 
Fig. 12—Effect of gating practice on the leak tightness of 
machined cylinders of 81-3-7-9 alloy at various testing 
pressures. Each curve represents the average value for 
40 to 48 cylinders poured over the temperature range 
2005-2140 F from duplicate melts prepared by a good 
practice in induction and gas-fired furnaces. 
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Fig. 13—Effect of gating method and pouring temperature 
on the density of as-cast leak-test cylinders of 85-5-5-5 
and 81-3-7-9 alloys. Each point represents the average 
value for 2 to 12 cylinders from duplicate melts prepared 
by a good practice in induction and gas-fired furnaces. 


are undesirable because of the accentuation of shrink- 
age. In other words, better feeding is required when 
very low pouring temperatures are used. If improved 
feeding could be utilized, then the lowest possible 
pouring tempertaure would probably produce the 
lowest percentage of leakers because the occurrence 
of microporosity decreases as the pouring temperature 
decreases. 

As illustrated by Figs. 8, 13, and 14, the density of 
the leak-test cylinders increases with decreasing pour- 
ing temperature. This is a direct result of the de- 
creased amount of microporosity with decreasing 
pouring temperature. The occurrence of shrinkage 
at the low pouring temperatures does not have a 
marked effect upon the density, but it does accentuate 
leakage. 

In these tests, then, high densities produced by 
using melts of low gas content or by using low pour- 
ing temperatures do not necessarily reduce the per- 
centage of leakers obtained. If the castings could be 
perfectly fed to compensate for solidification shrink- 
age, the lowest percentage of leakers should be ob- 
tained by melts of the highest quality, i.e., lowest gas 
content, and by the employment of the lowest pos- 
sible pouring temperatures. If, however, they are 
not perfectly fed, as is usually the case, it seems de- 
sirable to use slightly higher pouring temperatures 
or prepare melts having slightly higher gas content 
to avoid or reduce the occurrence of shrinkage. 

Both of these factors will increase the amount of 
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microporosity. 1f overdone, an excessive amount of 
microporisity will be formed. Therefore, a very care. 
ful balance is necessary to avoid shrinkage without 
obtaining an excessive amount of microporosity. The 
superior leak tightness of the 81-3-7-9 alloy poured in 
the high-temperature range, as shown by Fig. 16, ap- 
pears to bear out this reasoning. 


Causes of Leakage: All of the machined cylinders 
which leaked at nitrogen pressures of 1300 psi or less 
were radiographed to determine the cause of leakers. 
In a few instances, the defect causing leakage was 
too small to be revealed on the radiograph. In gen- 
eral, it was found that there were three causes of 
leakage: (1) shrinkage; (2) microporosity; (3) dross 
and gasholes. These defects are illustrated by the 
radiographs shown in Figs. 17, 18, and 19. 

A summary of the causes of leakers is given in 
Table 2. The summary is arranged to show the effects 
of gating practice, pouring temperature, furnace type, 
and alloy composition on the causes of leakers. This 
summary also shows the number of cylinders cast 
under each condition, the number of castings which 
were rejected because of other casting defects not 
pertinent to the investigation, the total number of 
cylinders leak tested, and the number of castings 
radiographed, which is the same as the number of 
castings which leaked. In a number of instances, 
leakage was caused by more than one type of defect. 
Therefore, the tota] number of leakers listed by the 
type of defect may appear to exceed the actual number 
of leaky cylinders radiographed. 
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Fig. 14— Effect of gating method and pouring temperature 
on the density of machined leak-test cylinders of 85-5-5-5 
and 81-3-7-9 ailoys. Each point represents the average 
value for 4 to 12 cylinders trom duplicate melts prepared 
by a good practice in induction and gas-fired furnaces. 
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It is quite evident from the data in Table 2 that the 
superiority of the bottom-gated castings is achieved 
largely by the almost complete absence of dross and 
vasholes and the much less frequent occurrence of 
shrinkage. Shrinkage, dross, and gasholes are most 
predominant in the top-gated castings not provided 
with a top riser. The dross and gasholes result from 
the cascading liquid falling into the mold cavity from 
the top. If a riser is employed, some of the trapped 
gas bubbles probably have an opportunity to escape. 

The effects of pouring temperature on the cause 
of defects are evident in Table 2. Pouring tempera- 
ture has little or no effect on the occurrence of dross 
and gasholes. Shrinkage, however, is much more pre- 
dominant at the low pouring temperature, as would 
be expected. On the other hand, the occurrence of 
microporosity is more common at the high pouring 
temperatures. 

Table 2 also shows the effects of melting method 
or furnace type on the probable cause of leakers. 
The data show that gasholes occur to the same degree 
in castings poured from melts made in the two types 
of furnaces. Likewise, the occurrence of microporosity 
is similar for castings poured from melts of either type 
of furnace. However, probably because of the lower 
gas content of the melts made in the high-frequency 
induction furnace and the consequent, more frequent 
occurrence of shrinkage, castings poured from these 
lower-gas-content melts are more likely to leak. 

The 85-5-5-5 alloy, in this work at least, tends to 
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PERCENTAGE OF LEAKERS 
Fig. 15—Effect of pouring temperature on the leak tight- 
ness of cylinders of 85-5-5-5 alloy at various testing pres- 
sures. Each curve represents the average value for 34 
to 51 cylinders gated by 3 different methods and poured 
in the temperature ranges of 2105-2135 F, 2070-2100 
F, and 2000-2025 F from duplicate melts prepared by a 
good practice in induction and gas-fired furnaces. 
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Fig. 16—Effect of pouring temperature on the leak tight- 
ness of cylinders of 81-3-7-9 alloy at various testing pres- 
sures. Each curve represents the average value for 20 to 
64 cylinders gated by 3 different methods and poured in 
the temperature ranges of 2110-2140 F, 2040-2100 F, and 
2005-2025 F from duplicate melts prepared by a good 

good practice in induction and gas-fired furnaces. 


produce more leakers because of the more frequent 
occurrence of shrinkage and microporosity. 


Summary 

The effects of gating practice, melting furnace, and 
pouring temperature on the leak tightness of as-cast 
and machined leak-test cylinders of 85-5-5-5 and 81-3- 
7-9 alloys were determined. The castings were poured 
in natural green sand. Duplicate 300-lb melts of each 
alloy were made by a good melting practice in the 
high-frequency induction furnace equipped with a 
silica crucible and in the gas-fired furnace equipped 
with a clay-graphite crucible. 

Three gating techniques were investigated. By one 
method, the gates entered the bottom of the casting. 
By the other two methods, the gates entered the top 
of the casting, one of which was equipped with a 
small top riser. Four cylindrical leak-test castings 
were made in each mold. 

Radiographic examination of all the leaky cast- 
ings showed that the defects causing leaks were iden- 
tified as follows: (1) shrinkage; (2) microporosity; 
(3) dross and gasholes. 

Dross and gasholes caused leaks in the two top- 
gated castings because of the turbulence during the 
pour. Probably because some of the trapped gas bub- 
bles escaped, the cylinder equipped with a small riser 
on top was less subject to the occurrence of dross and 
gasholes. Melting methods, pouring temperature, or 
alloy composition had relatively little effect on the 
frequency of occurrence of this defect. 
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Shrinkage was most likely to occur in the top- 
gated casting not equipped with a riser, and least 
likely to occur in the bottom-gated casting. In the 
present work, it was found that melts in the high- 
frequency induction furnace contained less than the 
optimum gas content, and, consequently, greater leak- 
age occurs as a result of the shrinkage which was 
formed. Likewise, in these tests, the 85-5-5-5 alloy 
appeared to be more prone to the formation of shrink- 
age than 81-3-7-9 alloy cast under similar conditions. 
Shrinkage was also accentuated by very low pouring 
temperatures. 

Microporosity was less likely to be a cause of leak- 
age in castings gated at the bottom. As would be 
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expected, microporosity also occurred more frequent): 
at high pouring temperatures. Because all of th 
melts were prepared by a good practice, the furnac« 
type apparently had no appreciable effect on th 
occurrence of microporosity in the castings mad« 
from melts prepared in them. In this work, how 
ever, microporosity caused leakage more frequent], 
in 85-5-5-5 alloy than in 81-3-7-9 alloy castings. 

Because shrinkage is more likely to occur with de 
creasing pouring temperatures, and microporosity is 
accentuated by increasing pouring temperatures, the 
lowest percentage of leakers was generally obtained 
by an intermediate pouring temperature of approxi 
mately 2075 F for both alloys. 


Sea ee gh 





Fig. 17 (lett)—Top-gated cylinder without a riser, poured 
from 85-5-5-5 alloy at 2020 F. This radiograph shows 
the typical appearance of heavy shrinkage (dark areas) 
in regions also occupied by light microporosity (dark 
mottling). Leaks occurred in the areas marked with a 
circle. The top of the casting is at the left of the radio- 
graph and the four quadrants are marked off with vertical 
lines. The gate was attached to the quadrant at the 
bottom in this illustration and in the ones shown in 
Figs. 18 and 19. 
Fig. 18(center)—Top-gated cylinder with a riser, poured 
from 85-5-5-5 alloy at 2100 F. This radiograph shows 
leakage caused by microporosity. The microporosity is 





illustrated by the dark mottling which occurs almost 
throughout the entire casting. The microporosity is small, 
irregular voids, more or less connected. In many of the 
castings radiographed, the microporosity did not occur 
over the entire casting as it does in this illustration. In 
general, microporosity is accentuated in the quadrant of 
the casting nearest the gate. 
Fig. 19 (right )—-Top-gated cylinder without a riser, poured 
from 85-5-5-5 alloy at 2075 F. This radiograph shows 
heavy shrinkage in the upper portion of the casting ad- 
jacent to the gate, light microporosity mainly below the 
shrinkage area, several large gasholes, and presumably 
some entrapped dross. 
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TABLE 2—PROBABLE CAUSES OF LEAKERS IN MACHINED CYLINDERS 























No. Cylinders No. and % ' on : 
Rejected Total No. Castings : ,No. and fo of Leakers 
Total No. Becauseof Cylinders Radio- Micro- Dross and 
Cylinders Casting Leak graphed porosity Shrinkage Gasholes Other 

Cast Defects Tested No. %, No. % No. % No. % No. % 
4 Effect of Gating Practice at All Pouring Temperatures——Both Alloys 
Gating 
Bottom 96 10 86 24 28 13 15 1 5 1 l 6 7 
Top, with riser 96 4 92 49 53 18 20 19 21 12 13 2 2 
Top, no riser 96 0 96 79 82 21 22 47 49 23 24 l l 

Effect of Pouring Temperature With All Gating Methods—Both Alloys 
Pouring Temp., F 
2105-2140 (high) 80 12 68 38 56 25 37 8 12 10 15 0 0 
2045-2100 (med.) 108 1 107 47 44 20 19 14 13 14 13 8 3 
2000-2025 (low) 100 1 99 67 68 7 7 48 48 12 12 6 6 
Effect of Furnace Type With All Pouring Temps. and Gating Methods—Both Alloys 
Furnace 
Induction 144 10 134 89 66 25 19 46 34 19 14 9 7 
Gas Fired 144 4 140 63 45 27 19 22 16 19 14 0 0 
Effect of Alloy With All Pouring Temps. and Gating Methods 

Alloy . 
85-5-5-5 144 2 142 95 67 39 27 45 32 18 13 4 3 
81-3-7-9 144 12 132 57 43 13 10 23 17 20 15 5 4 





It is evident from the preceding statements that, 
for the specific casting investigated, the lowest per- 
centage of leakers was obtained by employing the 
bottom-gating technique. The indications are also 
that fewer leakers were obtained by the use of inter- 
mediate pouring temperatures of approximately 2075 
F, melts of optimum gas content, and 81-3-7-9 instead 
of 85-5-5-5 alloy. It should be emphasized, however, 
that leakage depends upon several factors. Therefore, 
it is difficult to make a reliable comparison of the 
susceptibilities of various alloys to leakage. 
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DISCUSSION 


Chairman: G. P. HALLIWwELL, H. Kramer & Co., Chicago. 

Co-Chairman: H. J. Roast, London, Ont., Canada. 

Recorder; R. A. Cotton, American Smelting & Refining Co., 
Barber, N. J. 

R. A. CoLTon (Written Discussion): There have been a num- 
ber of comments about the fact that the authors used a bottom 
gating technique in these experiments to obtain their best results. 
It is certainly true that, generally speaking, bottom gating is 
not considered most advantageous for the manufacture of sound, 
porosity-free castings. I am certain that the authors were aware 
of this fact and their use of bottom gating in this particular 
instance probably can be considered as part of a group of ex- 
periments. 

It is apparent that even though a bottom gating technique 
gave the most satisfactory results in the pressure test with the 
castings used in this work, it is a function of the particular 
casting and gating system used. That is to say, with the dimen- 
sions both of the casting and gating system involved, particularly 
with the thin walls of the casting, a bottom gating technique 
gave good results whereas if a heavier casting had been used 
less sound metal would have been available in the casting. 

The evil of bottom gating is that it upsets the desired direc- 
tional solidification pattern and establishes the temperature 
gradient in the wrong direction from that needed to properly 
feed castings. I believe the explanation of why the bottom 
gating technique worked in these experiments is that the wall 
of the casting was so thin that once the cavity was filled solidifi- 
cation took place more or less uniformly throughout the casting 
so that the defects normally found from a reversed temperature 
gradient were not evident here. It would be a serious mistake 
to use the results of these experiments as an endorsement of 
bottom gating since generally speaking a top gating, directional 
solidification pattern will give good results far more often than 
will bottom gating with most castings. 

W. B. Scotr:* A comparison of top gating vs bottom gating 
could be without significance if no consideration was given to 
the velocity of the metal flowing into the mold cavity. High 
velocities as distinguished from high rates of volume flow could 
discount the value of either type of gating. This factor could 
account for the wide variations in the results reported for each 
type of gating. 


he Metallurgist, National Bearing Div., American Brake Shoe Co., Meadville, 
Pa. . 











RECLAIMING USED MOLDING SAND 


BY AIR SCRUBBING 


H. H. Fairfield, James McConachie, and H. F. Graham* 


ABSTRACT 


A device for reclaiming used steel foundry sand is described. 
Dry sand is blown through a turbulent air stream. The effect 
on sand properties is recorded. Sand so treated is used in mold- 
ing and core sand mixtures. 


It is well known that discarded excess used mold- 
ing sand can be processed into a product identical 
in properties to new washed and dried core sand. 
Jeter? described sand reclamation methods. Cum- 
mings and Armstrong? applied standard mining 
equipment to foundry sand reclamation. Bennett* 
outlined the features of a modern sand reclaiming 
apparatus. 

Since the equipment used to reclaim steel molding 
sand at the foundry with which the authors are as- 
sociated differs from conventional designs, a descrip- 
tion of the methods used might be of general in- 
terest. 


Difference Between New and Used Sand 


In the tests on core sands described in this paper 
the following mixture was used: 


Grams 
aa te Clickee in. to dx wale whan mate Le wae 1000 
I hore Scan k aad aed ae aeaeud ne 10 
Nc tia Sone chs Shen's « od ee Gack CRA we eK 30 
I le od ks was fd a Ghd Sw 0 A hie Mraledei 6 aceon 40 


The base sand used in the foundry was a washed 
and dried silica sand averaging A.F.S. Grain Fineness 
No. 57. Samples of used sand were taken from the 
shakeout and from the cleaning room floor. Test 
cores 2 in. in diameter and 2 in. high were made 
from each type of sand. The baked compression 
strength of the cores was measured. 

New sand cores ranged from 800 to 1000 psi. 
Shakeout sand cores had 120 psi compression strength. 
Cleaning room sand (also called burnt sand) cores 
had only 50 psi compression strength after baking. 

It was apparent that the used sand contained im- 
purities which made it unsuitable for use as a core 
sand. Since the impurities were mostly in the form 





* Chief Metallurgist, Sand Supervisor, and Foundry Engineer, 
respectively, William Kennedy & Sons Ltd., Owen Sound, On- 
tario, Canada. 





of fines, it was concluded that the sand might be 
cleaned by sandblasting and blowing away the fines. 


Trial Model Sand Cleaner 


Figure | shows the first device used to reclaim the 
steel foundry sand. Its essential features are: 

(1) A steel pipe, 6 ft high, 4 in. Lp. 

(2) An air syphon which sucks up dry sand and 
fires it into the pipe. 

(3) Air and sand stream enters the pipe tangen- 
tially at an angle of 20° from horizontal. 

(4) Syphon connected to 60-80 psi air pressure 
line. 

(5) Dust and fines float out the top of the pipe. 

(6) Cleaned sand drops out the bottom of the 
pipe. 

Properties of Reclaimed Core and Molding Sands 


Cores were made from sand treated in the device 
shown in Fig. 1. Baked compression tests results on 


TABLE 1—BAKED COMPRESSION STRENGTH OF CorRES 
MADE FROM SAND RECLAIMED IN DEVICE 
SHOWN IN Fic. 1 





Number of Passes 
Through Reclaimer 


Type of Sand Baked Compression 
Strength, psi 
(2 x 2-in. specimen) 


new washed and 


dried core sand none 900 
shakeout 1 234 
shakeout 2 755 
shakeout 4 958 
cleaning room ] 188 
cleaning room 2 508 
cleaning room 3 684 
cleaning room 4 652 


8 
Another set of mixes was tested using an additional 1 per cent 
of linseed oil with the following results: 


cleaning room l 604 
cleaning room 2 859 
cleaning room 3 954 
cleaning room 4 954 


Note: Except as noted, above mixtures contained 1000 grams 
of sand, 10 grams of cornstarch, 30 grams of linseed oil, and 
40 grams of water. 
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Fig. 2—Sketch of production sand reclaiming devise. 





these cores are shown in Table 1. Shakeout sand, 
after two passes through the reclaimer, apparently 
was a Satisfactory core sand. Burnt sand from the 
cleaning room would not make a strong core unless 
an extra | per cent of oil was added to the mixture. 
Batches of molding sand were prepared using re- 
claimed sand with 4 per cent fireclay and 4 per cent 
bentonite additions. The properties of these sands 
were measured by A. E. Murton at the Canadian 
Bureau of Mines, Ottawa, who reported the green, 
dry, and high temperature properties (Table 2). 


Production Model Sand Cleaner 


Since the results on the trial model were encour- 
aging, it was decided that a production model should 
be built into the sand system. Figures 2, 3, 4, and 
5 show the equipment now in use. 

With the trial model it was found that changes 
in air pressure would result in all of the sand being 


TABLE 2—PROPERTIES OF NEW AND UsED MOLDING 
SANDS, AND SAND FROM RECLAMATION DEVICE (FIG. 1). 





Reclaimed Sand 


New Used Treated 





Properties Sand Sand Once Twice 3 Times 4 Times 
Moisture, %, 87 9.0 92 91 91 89 
Green permeability 147 94 94 107 118 126 


Dry permeability 184 152 126 167 190 195 
Green compressive 


strength, psi 94 123 11.4 10.1 9.9 10.4 
Dry compressive 

strength, psi 155 167 232 254 237 186 
Confined expansion, 

1500 F, in./in. 0152 .0157 0157 0152 .0162 .0150 
Hot strength, 

1000 F, psi 147 130 115 113 108 94 
Hot strength, 

2500 F, psi 305 162 168 195 209 280 


Note: Molding sand mixtures contained sand, 4 per cent 
bentonite, 4 per cent fireclay. Above tests conducted at Canad- 
ian Bureau of Mines by A. E. Murton. 








blown out the top of the pipe. In the production 
model a conical hood was added for the purpose of 
collecting the cleaned sand as it blows out of the 
top of the cleaning chamber. Since the sand is fol- 
lowing a circular path, it is obvious that it will be 
thrown outward into the conical chamber. Fines and 
dust rise into the dust collecting pipe. 

Wear-resistant iron castings were used in the clean- 
ing chamber. Standard sandblasting nozzles were 
used in place of the air syphons. The equipment as 
now used consists of two identical units arranged so 
that the sand passes from one to the other. It was 
found necessary to screen the shakeout sand before 
putting it in the hopper which feeds the reclaimer. 

With the production model, all of the sand moves 
upward and comes out of the top of the cleaning 
chamber. Slag, iron, and other large foreign objects 
drop to the bottom of the cleaning chamber and are 
removed periodically. 

One unit as described above, will produce from 
150 to 200 lb of reclaimed sand per hour. The unit 
will operate continuously, and require very little 
attention. Table 3 shows test results from cores 
made with sand reclaimed in the production model. 


Castings Made from Reclaimed Sand 


The reclaimed sand has been used regularly in 
molding and core sand mixtures. The surface of 
these castings was identical to surfaces of castings 
made in new sand mixtures. The reclaimed sand 
has proved to be a satisfactory material. 

Uniformity of Reclaimed Sand: In a small jobbing 
foundry the sand coming from the shakeout varies 
widely in properties. At one time it may contain a 
burnt core sand with very little clay. Another time 
it may consist of returns from high silica flour mix- 
tures. Because of the varying nature of the used 
sand, it can only be used sparingly in molding and 
core sand mixtures. Therefore it is customary to 
have an excess of used molding sand which must be 
disposed of, and new sand brought into the foundry. 














Fig. 3 (above)—Lower part of sand reclaimer. Sandblast 
nozzles force sand and air into the chamber. 
Fig. 4 (above, right)—Intake end of reclaimer. Suction 
feeds sand through rubber hose. 
Fig. 5 (right)—Exhaust end of the sand reclaimer. Dust 
particles and fines travel upward into dust collector system. 
Reclaimed sand drops into the lower cone. 


The sand reclaimer produces a sand with fairly 
consistent properties. During a 48-hr run tests were 
taken hourly from the production model sand re- 
claimer. Each test consisted of mixing the reclaimed 
sand to 4 per cent moisture content in a laboratory 
sand mixer. Green compression tests ranged from 
0.9 to 1.9 psi, and permeability was within the range 
100 to 130. During this period all types of molds 
used for 5- to 4000-lb castings were shaken out. It 
was concluded that the reclaimed sand was consistent 
enough in properties so that it could be incorporated 
in standard mixtures for molding and core sands. 


TABLE 3—NeEw, USED, AND TREATED CorE SANDS 
(Fics. 2, 3, 4 AND 5). 





Used Sand Used Sand Used Sand 





New Treated Treated 
Properties Sand Untreated Twice 3 Times 
Moisture, % §9 5.0 5.0 4.8 
Green deformation, 
in./in. _ 0.029 0.034 0.050 
Green compression 
strength, psi 0.5 5.6 2.5 2.0 
Density, Ib/cu ft 106 104.5 104.5 105 
Green mold hardness 
after 3 rams 20 78 60 53 
Green permeability 59 36 60 77 
Baked permeability 90 56 100 140 
Baked compressive 
strength, psi 1464 127 175 923 
Baked tensile 
strength, psi 262 9 33 122.5 


Nore: Treated sands were put through production model 
reclaimer. Mixtures contained 1000 grams sand, 10 grams coin- 
starch, 30 grams linseed oil, 40 grams water. 
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Discussion 


Permeability: Used sand varied in permeability de- 
pending upon the amount of silica flour contained. 
Reclaimed sand had a permeability approximately 
the same as the base sand used in the sand system. 

Green Deformation: As Table 3 shows, reclaiming 
increased the green deformation of sand mixtures. 
This was due to the removal of bonding agents. 

Green Compression Strength: A simple method of 
evaluating the reclaimed sand is to mix it with water 
and measure the green compression strength. When 
the green strength was under 2 psi the process was 
considered to be operating satisfactorily for produc- 
ing a material to be used in molding sand mixtures. 

Green Mold Hardness was lower when reclaimed 
sand was used. This is in line with the reduction in 
green strength. 

Dry Compression Strength: As Table 2 shows, mold- 
ing sand made with reclaimed sand had higher dry 
strength than similar mixtures using new sand. From 
this it was inferred that some bonding material re- 
mained in the reclaimed sand. 

Expansion of Molding Sand: Tests conducted at the 
Canadian Bureau of Mines indicated that expansion 

















characteristics of the sand were not altered by the 
reclaiming operation. 

Hot Strength at 1000 F: As Table 2 shows, molding 
sand made with reclaimed sand had a lower 1000 F 
hot strength than was found in all-new molding sand 
mixtures. 

Hot Strength at 2500 F: All-new molding sand had 
a 2500 F hot strength of 305 psi (Table 2). Molding 
sand made with shakeout sand had a hot strength of 
162 psi, or half the strength at 2500 F. Reclaimed 
sand also had lower hot strength at 2500 F. 

As far as high temperature properties are con- 
cerned, it is evident that the air-scrubbing treatment 
as used at this plant does not produce a sand identical 
in refractory properties with new silica sand. How- 
ever, the reclaimed sand apparently is satisfactory for 
foundry use. 

Screen Analysis: Table 4 shows the effect of air 
scrubbing on the particle size distribution of sand. 
The reclaimer removes coarse particles (12 and 20 
mesh). Pan-sized material was reduced from 2.0 per 
cent to 0.2 per cent by reclaiming. Three quarters 
of the clay in the shakeout sand was removed by air 
scrubbing it twice. 

Baked Strength of Cores: The foregoing remarks 
have been mainly concerned with molding sand mix- 
tures. When reclaimed sand was to be used in core 
sand mixtures, its suitability was evaluated by mix- 
ing it into a standard core test mixture, baking sample 
cores, and measuring their tensile or compression 
strength. 

It was evident from the work done in the plant 
that a material for use in molding sands could be 
produced by passing shakeout sand twice through 
the reclaiming chamber. In order to produce a suit- 
able core sand, however, the used sand had to be 
treated to twice the amount of scrubbing. Since 
there was a great demand for molding sand, the final 
production reclaimer was set up to produce a par- 
tially reclaimed sand for this purpose. 

Table 1 indicates that it is possible to produce a 
core sand by air-scrubbing operations on shakeout 
sand. 


Conclusions 


(1) The non-uniformity of sand coming from the 
shakeout in a jobbing steel foundry made it neces- 
sary to use this material sparingly in sand mixtures. 

(2) By passing the shakeout sand through an air- 
scrubbing device and blowing out most of the fine 
material, a product of consistent properties was ob- 
tained. 

(3) The reclaimed sand proved to be satisfactory 
as a substitute for new sand in molding sand mix- 
tures. 

(4) The reclaimed sand produced in the plant 
did not have properties identical with new sand. 
Some fines and bonding agents remained in the sand. 
These impurities did not appear to have any dele- 
terious results upon molding sand mixtures, or upon 
steel castings made in these molding sands. 

(5) In order to reclaim a sand for use as a core 
sand, the amount of work performed upon the ma- 
terial must be two or three times that required for 
molding sand. . 
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TABLE 4—SCREEN ANALYSIS OF USED AND 
RECLAIMED SANDS 
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Screen Size “Used Sand, —~Used Sand, ~ Used Sand, _ 

Untreated Treated Treated 

Twice 3 Times 
12 0.8 0.2 0.2 
20 0.6 0.4 0.4 
30 0.8 0.6 1.0 
40 3.6 4.6 8.4 
50 10.6 13.4 22.6 
70 37.0 38.8 39.0 
100 29.0 $2.6 22.8 
140 5.6 5.8 3.6 
200 1.8 12 0.6 
270 0.2 0.4 0.2 
pan 2.0 0.2 0.2 
A.F.S. Clay 8.0 1.8 1.0 





(6) The low initial cost, and the low labor cost 
of operation, make air scrubbing equipment of in- 
terest to the small foundry. 

(7) Further investigation on the air scrubbing 
treatment of used sand might prove of interest to 
the foundry industry. 
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DISCUSSION 


Chairman: J. B. Caine, Consultant, Wyoming, Ohio. 
Co-Chairman: H. W. Dietert, Harry W. Dietert Co., Detroit. 
Recorder: R. G. THorpe, Cornell University, Ithaca, N. Y. 

C. E. WENNINGER:* High air velocities tend to break down 
the sand grains. 

V. M. RoweLL:? What is the appearance of the recovered 
core sand? 

MR. FAIRFIELD: The recovered sand grain surfaces were pol- 
ished but were not white and clean. Apparently some of the 
binder was retained on the surface of the grains. However not 
too much oil was required to rebond the sand. 

MR. ROWELL: Is the reclaimed sand high in gas evolution? 

MR. FAIRFIELD: The reclaimed sand would be gassier than 
new sand. 

E. C, Troy: * Evidence accumulated by a method of mechani- 
cal agitation several years ago indicated that: 

a. Clay or oil bonds destroyed by the heat of casting repre- 
sented but a portion of the total bonded grains. 

b. During mechanical agitation, the burned bonding material 
chaffed free of the sand grains more quickly and easily than the 
unburned bonding material. 

c. Removal of material other than the burned bonding sub- 
stance seemed unnecessary and wasteful. 

d. An optimum and more economical removal of bond mate- 
rial seems more desirable as a goal than does complete removal 
of the old bonding substance. 

e. A minimum amount of new bond is necessary for re-use if 
either some clay or oil in the unburned condition remains as a 
residue on the grains. 

f. The final conclusion drawn from this work was that selec- 
tive removal of burned bonding substance was not only desirable 
but possible. 

1 University of Kentucky and National Engineering Co., Chicago. 


2 Archer-Daniels-Midland Co., Cleveland. 
* Foundry Engineer, Palmyra, N. J. 





REFRACTORY PRACTICE AS APPLIED 


TO MALLEABLE DUPLEXING 


C. W. Meyer* 


ABSTRACT 


In order to render a clear understanding of refractory prac- 
tice, the author discusses the various materials used in a charge 
and their effects upon the refractories used in the cupola. 

The improvement that has been made in the refractory prac- 
tice by experimenting with various types of tuyeres and melting 
zone linings is discussed. The forehearth, transfer ladle and 
electric furnace are described as to their design and length of 
life as determined by the different refractories used. 


In a study of the refractory practice in a foundry, 
it is first necessary to describe the method of charging 
the cupola and the materials used in a typical charge. 
This charge consists of approximately 55 per cent re- 
melt which is placed in the cupola with the use of an 
overhead jib crane and a cylindrical bucket with a 
conical-shaped drop bottom, shown in Fig. 1. The de 
sign of the bottom distributes the sprue to the inside 
circumference of the cupola. This bucket a!so handles 
the coke which is used at approximately a | to 10 ra- 
tio (1 lb of coke to 10 Ib of metal). Silvery pig (11 
per cent), and limestone are loaded on a specially 
designed gasoline powered dump truck and charged, 
as illustrated in Figs. 2 and 3. About 33 per cent 
hydraulic pressed steel bundles, along with mangan- 
ese briquettes, make up a 10,000 Ib charge. Due to 
the variation in size and weight of the bundles, the 
charging and placing of the charge is very important 
because of flues which may develop and cause un- 
necessary burn-out of the upper lining in the cupola 
and loss of carbon and silicon. This not only makes 
extra repair necessary, but also results in off analysis 
iron. 

The zone of the cupola in which charging occurs 
must be built with a refractory block that will with- 
stand the constant hammering and shock as each 
charge is put into the cupola. This is illustrated in 
Figs. 4, 5 and 6. These blocks must have a heat re- 
sisting characteristic and also a resistance to abrasion. 
This area of the cupola must have close inspection 
and careful maintenance to prevent development of 


*Superintendent of Foundry and Melting, Central Foundry 
Division, Saginaw Malleable Iron Plant, General Motors Corp- 
oration, Saginaw, Mich. 





holes in the lining, which could cause bridging and 
also result in the falling in of blocks, causing a heavy 
slag. A high quality, hard, burned block was tried in 
this zone and found to chip off and break out, mak- 
ing it unsatisfactory. When all the charging was done 
manually, cast iron blocks were used in the charging 
zone of the cupola, but since the mechanical charging 
was installed, the sprue hammering against the cast 
iron blocks caused them to loosen and drop into the 
cupola.. Therefore, that practice was also discarded 
as unsatisfactory. 

At the present time, a soft sand block that gradu- 
ally wears away is being used. This method has 
proved to be the best and lasts four to five weeks 


Cupola Melting Zone 


For years the lining of the bosh section of the cu- 
pola has presented a problem due to the burn back 
and resultant hot spots on the shell. This condition 
not only increased refractory cost but hjndered the 
melting operation. As the blocks burned back, some 
would slide off and go down with the charge. When 
these blocks were in the well, there was the possibility 
of plugging the tap hole and causing considerable 
trouble for the operator and restricting the melting 
operation. 

In an effort to improve this condition, almost every 
refractory known to the industry was tried, including 
both commercial and plant mixes. Two years ago, 
air-placed refractory was tried and produced satisfac- 
tory results in relation to the life and cost of this es- 
sential repair. This method is currently being used. 

In order to obtain a more vivid picture, it will be 
necessary to compare the old and new methods of 
construction and discuss the features of each. Form 
erly the melting zone in the cupola was built com- 
pletely of a preshaped, pressed, Missouri and Ken- 
tucky fireclay block (Fig. 7). These blocks were laid 
in a double course against the water glands and the 
cupola shell. A fireclay, mud slurry was used on the 
vertical face of the block at the joint, and the hori- 
zontal face was laid dry. The blocks were supported 
across the continuous tuyeres by gray iron plates. 
These plates were cast to the circumference of the 
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Fig. 1—Charging cupola with drop bottom bucket. Fig. 2—-Loading dump truck with pig iron and limestone. 





Fig. 3—Charging pig iron and limestone into cupola. Fig. 4—Partially eroded charge zone. 
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Fig. 5—Cross-section through cupola charge door. Fig. 6—Completely rebuilt charge zone. 





REFRACTORIES IN MALLEABLE DUPLEXING 


Fig. 7 (Left)—Cross-section through cupola, old method; 
Fig. 9 (Right)—New method. 


Fig. 8—New type tuyere. 





Fig. 10—Cupola after being used. Fig. 11—Cupola ready for air placement of lining. 





Fig. 12—Cupola ready for bottom. Fig. 13-—Completely relined cupola. 
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Fig. 14—Cupola ready for lighting of bed coke. 


cupola in 36-in. lengths. Burned out portions were 
removed each day and replaced with new sections. 
Some of the refractory was removed through this 
process, although it may have had further use had it 
been left in. When the tuyere plate failed by burn- 
ing through, the refractory immediately above it 
would begin to slide down and cause heavy slag, a 
sticky tap hole and possibly hot spots on the shell 
due to the thinner lining. 

The first change was made in the tuyere section 
(Fig. 8). A system of intermittent tuyeres was de- 
veloped without the use of the gray iron tuyere 
plate. Blocks were laid so that there was a solid sec- 
tion of brick between each tuyere which supported 
the upper courses of block. This eliminated sliding 
of the upper refractory with a resultant improvement 
in the melting operation and an improvement in 
the cost of refractory as it was no longer necessary to 
remove blocks that had further use. 

The above-mentioned change in tuyere design did 
not affect the analysis of the iron, and it gave a more 
penetrating tuyere blast which, with the charge ma- 
terials used, was very effective in melting more iron in 
the cupola. The type of tuyere described has proven 
to be very successful. Later, air-placed refractory be- 
came available and experiments were conducted in 
the melting zone with this new type of lining (Fig. 9). 

Based on past experience with the block cupola, it 
was decided that a bosh would be necessary if a 
monolithic lining was to be used. The 3-in. water 
glands behind two courses of brick caused an offset 
with the 12-in. lining; as a result, the cupola was 6 
in. smaller in diameter before the change to mono- 
lithic in the area that is now formed as a bosh. 

After making the change from block lining to air- 
placed refractory, a bosh was constructed, and poor 
melting practice resulted. The cupolas again had 
heavy slag, sticky tap holes and some hot spots on the 
shell. A progressive daily study was then made of the 
burn-out. This was done through measurements of 
location and depth of burn. It was found after com- 
posite graphs of each cupola were made, using figures 
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obtained over a two-week period, that each cupola 
burned out in the same area. A dual reading ther- 
mometer was then installed to check water tempera- 
ture as it entered and left the water gland. It was 
noted that after approximately 3 to 4 hours, the temp- 
erature of the water leaving the gland showed an in- 
crease. One morning, due to an interruption of the 
gas supply, it was necessary to drop the cupola after 
only 3 hours of operation. It was then proven by 
direct observation that more than half of the 12-in. 
lining had already been burned out. It was also de- 
termined after all other conditions were as equal as 
possible in the cupola, that the lining appeared to 
burn back about the same amount, regardless of the 
original thickness. With these facts established, it 
was decided to cut down the thickness of the lining 
over the glands. 

As the thickness of the lining was progressively re- 
duced, the recurrence of the trouble due to heavy 
slag decreased until now it occurs very rarely. At the 
present time we have no bosh at all, and the thick- 
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Fig. 15—Cross-section through spout and forehearth. 


ness of the lining 4 in. above the tuyere is 7 in., taper- 
ing upward and inward to the double coursed shaft 
of 12-in. thickness. 

The reduction of lining thickness at the melting 
zone reduced the amount of refractory needed for 
daily repair, thus reducing the cost of refractory, as 
well as eliminating the resultant troubles. 

This modified contour lining, which was made pos- 
sible by air placing the monolithic lining, was not 
practical when using block because of the difficulty of 
installation. Three distinct advantages of using modi- 
fied contour lining are: ° 

1. Cheaper cost per ton of iron melted due to 

smaller quantities of refractory material used, 
and the re-use of that portion of the lining 
which is not burned out. 

2. Elimination of the major troubles caused by 

lining failure. 

3. Increased size of melting zone at no extra cost. 
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The current practice of cupola repair is illustrated 
in the following figures. Figure 10 shows a cupola as 
it appears after being used. Figure 11 shows a cupola 
ready for the air placing of the lining. Figure 12 
shows the cupola ready for the closing of the bot- 
tom. Figure 13 shows a completely relined cupola. 
Figure 14 shows a cupola ready for the burn-in of 
the bed coke. 


Forehearth 

In the practice of duplexing malleable iron it is 
desirable to use a forehearth or holding ladle. It is 
here that the iron is collected, desulphurized and 
mixed. The desulphurization is accomplished with 
the addition of 3 lb per ton of sodium carbonate. 
This addition of sodium carbonate produces a highly 
corrosive slag which, in turn, erodes the refractory 
block used for building a forehearth. 

As the foundry grew and melting capacity increased, 
it was necessary to enlarge the forehearth from 9 tons 
to the present capacity of 15 tons. Before the change 
from a 9-ton forehearth to a 15-ton forehearth, the 
entire holding portion was made of 9-in. keys and 
straight brick, while the spout was constructed with 
monolithic refractory. ‘These bricks were laid on the 
sidewalls, using a very high quality refractory slurry 
on the joints to insure compactness. The joints of the 
brick, particularly in the breast area, had to be re- 
paired after the first few days’ operation. Unless 
there was a close inspection daily and repairs made 
where necessary, runouts were sure to occur, or slag 
weuld come up the spout through the burnt out 
breast. 

To minimize this constant repair, the areas which 
necessitated the most repair were replaced with a 
rammed material in the following manner (Fig. 15). 
The ends and back of the forehearth were laid as 
before, and the breast was rammed with monolithic 
refractory by the use of an air hammer. To do this, 
the forehearth must be tilted on its side so that all 
ramming is done in a pressure-on-hammer position. 
The bottom, which has two courses of refractory brick 





Fig. 16—Tapping forehearth into transfer ladle. 
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laid in a cross joint pattern, is built up to an 1i-in 
total depth with air-hammer rammed monolithic re 
fractory. This refractory is made of commerciul bond 
(neutral to basic) and western ganister (l%-in. to Y, 
in. screen), thoroughly mulled with enough water tc 
give a uniform 6 per cent moisture content. 





























Fig. 17—Cross-section through transfer ladle. 


The spout is of the teapot variety and is air-ham- 
mer rammed. The formula of monolithic refractory 
for the spout differs from the above mentioned in 
that an acid bond is used in place of the neutral to 
basic bond. Today, after processing approximately 
5,500 tons of iron through the forehearth, it is com- 
pletely rebuilt. This, of course, is made possible by 
daily checking which has greatly decreased the num- 
ber of minor repairs necessary, as compared with the 
previous practice. 


Transfer Ladle 


The transfer ladle is used to carry iron from the 
forehearth to the furnace for further refining, blend- 
ing and heating, before delivery to the foundry. This 
ladle is a monorail type ladle and carries slightly 
under 4 tons to the furnace each trip. The ladle 
travels at a height of 5 ft above the floor and must be 
as safe and dependable as possible (Fig. 16). Here, 
again, air-rammed refractory has superseded the old 
method of lining the shell with brick and tile. This 
ladle is built to hold a given amount of iron when it 
is put into service. No allowance is made for burn- 
out, because if the proper practice is followed, it will 
give the desired service necessary (Fig. 17). The trans- 
fer ladle has a covered top with two spouts, one on 
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Fig. 18—Transfer ladle and forrn. 


each side, and after seven to nine days’ use, it is re- 
moved to be rebuilt. 

The ladle is rebuilt with a combination of com- 
mercial ramming bond and ganister, which is mixed 
sufficiently with enough water to give a uniform 6 per 
cent moisture content. This material is air-hammer 
rammed, around a form in the ladle shell, until it 
rings. The material is rammed in, layer upon layer, 
until the shell top is reached. The form is then re- 
moved, and a sectional top form is installed. The top 
is rammed, and the form pieces removed through the 
larger of the two spouts. A steel cover is placed on 
top and bolted down on the shell. 


The ladle is placed in an oven for 24 to 48 hours 
at a temperature of 300 F to 400 F. All ladles are 
dated and none are removed unless a minimum of 
24 hours, and preferably 48 hours, has elapsed since 
the time of entry (Fig. 18). After baking, a slow gas 
fire preheats this ladle 3 to 4 hours before it is put 
into service. 

As yet, none of these linings have burned through, 
although when the length of service has been ex- 
tended, hot spots were noticed. Upon examination 
of these trouble areas, it was found that the remain- 
ing 34 in. of lining has been the cause of these hot 
spots. This remaining thickness will still allow ade- 
quate time to remove the ladle from service. 


Electric Furnace 


The furnace used in the plant is of the three-phase, 
direct-arc type with acid lining. It is 11 ft in diameter 
and has a 15-ton load or bath capacity. The operation 
of the electrode arms and the furnace tilting are done 
hydraulically. 

In a cross-section of the furnace bottom, illustrated 
in Fig. 19, there are two courses of fireclay wedge 
brick. The first layer is put in and the second is laid 
on top of it in a cross-jointed pattern. These courses 
are laid following the contour of the shell, to a point 
level with the rivet line of the furnace. Both courses 
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are laid with a fireclay slurry. The sidewalls are built 
next. They are composed of No. | and No. 2 silica 
key brick of the standard 13-in. series. These bricks 
are laid up dry using a sharp silica sand between the 
joints and courses. A ganister mixture is used to level 
off at the top of the shell and at the spout locations. 

The next step is the installation of the bottom re- 
fractory which consists of a mixture of 2 parts sand, 
2 parts clay and 7 parts stone, using equal parts of 
sodium-silicate and water for bonding. This mixture 
is packed to a level depth of 7 in. and the top is then 
put on. 

A gas burner is placed inside the shell and also one 
underneath the bottom on the outside. The furnace 
is heated until the interior attains a cherry red glow. 
After a dry-out period of approximately 8 hours, short 
pieces of carbon are placed under the electrodes so as 
to make a uniform arc around the inside of the 
furnace when the power is turned on. 

The burn begins and continues until the stone on 
the bottom commences to melt and fuse together. 
During this process the top and sidewalls also are 
fused, and the siliceous material that drips and runs 
off is of benefit to the bottom. After there has been 
sufficient fusing, the electric current is turned off. 
The furnace is allowed to cool. A layer of unbonded 
siliceous stone (14 in. to % in.) is shoveled in and 
the process is repeated. This continues until the de- 
sired thickness is obtained (18 in. to 22 in. total). 
During the burn-in, the electrodes used for arcing 
must be moved from time to time to get a uniformly 
developed bottom. Extreme care must be used to 
prevent clectrodes from freezing into the bottom. 

To complete the burn-in after the desired bottom 
depth is obtained, the furnace must be allowed to cool 
so that the bottom can harden and excess gas escape 
before addition of the iron. This takes from 3 to 4 
hours. The bottom, if properly maintained, will last 
indefinitely. The proper maintenance consists of com- 
pictely draining the furnace at the end of each day 
and sanding the shallow holes. Holes that are be- 
yond sanding repair are repaired with silica stone 
without the use of any bonding agent. 

The sidewalls must be renewed periodically, and 
the method of replacing this is as described above. 
The furnace is usually operated 6 weeks before side- 
wall repairs are necessary. About 15,000 to 18,000 
tons of iron pass through the furnace before repair- 





Fig. 19—Cross-section through electric furnace. 











Fig. 20—Furnace before rebuild. 


ing. Figures 20 and 21 show before and after repair. 

A third shift is engaged on the furnace operation 
so that proper maintenance is given to the furnace, 
and all minor repairs are made when the pouring 
operation is over for the day. 


Furnace Roof 


The furnace roof, Fig. 22, is constructed of silica 
brick which is designed and manufactured to form 
concentric rings. They are assembled on a roof form 
designed to meet the brick manufacturer’s specifica- 
tions for spacing. If the bricks are not correctly 
spaced, there is a possibility of spalling, gaps or brick 
cave-ins. These bricks are encircled with a cooling 
pipe at the area inside and next to the furnace top 
ring. 

The life of the roof is dependent upon the method 
of heating employed. A gas burner is placed in the 
spout and a natural gas flame is burned slowly to 
preheat both sidewall and roof brick. It is impossible 
to reach the operating temperature by this method, 
but through preheating the thermal shock is reduced 
to a minimum. 

The only time the furnace roof is removed is when 
sidewall repairs are necessary or the life of the fur- 
nace is depleted. After completion of such repairs 
and ascertaining the future life of the roof, if any, 
it is either put back into service, preheated in the 
same manner as described above, or discarded. Very 
often the life of this top is equal to the life of the 
sidewalls and is usually replaced when the furnace is 
rebuilt. 


DISCUSSION 


Chairman: W. G. Ferretti, Auto Specialties Manufacturing 
Co., St. Joseph, Mich. 

Co-Chairman: Eric WELANDER, John Deere Malleable Works, 
East Moline, III. 

Recorder: Wm. ZEUNIK, National Malleable & Steel Castings 
Co., Indianapolis. 

R. N. ScHaper:* Is the stone here referred to used in the 
bottom sand or ganister and what is the grain sizing? 
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Fig. 21—Furnace after rebuild. 





Fig. 22—-Furnace top. 


Mr. MEyeR: It is % to 14-in. ganister, added dry and burned 
in. 

H. E. Leickiy:* Have you ever experienced any silicon pick- 
up after repairing the burned out spots with sand? 

Mr. MEYER: Not since the sand is burned in. 

R. W. Herne: * How do you measure lining thickness and con- 
tour when gun placing a lining? Do you depend upon the oper- 
ator? 

Mr. MEYER: It is measured every day by measuring the thick- 
ness through the tuyeres. 

MEMBER: Have you tried air placement of linings in ladles? 

Mr. Meyer: No, we did not. 

Mr. ScHAPER: How do you repair spots or holes in the fur- 
nace bottom at night in the electric furnace? 

Mr. MEYER: The furnace is drained, the washed and dried 
sharp sand is thrown on the spots needed and it fuses in place. 

CHAIRMAN FERRELL: In burning-in a furnace bottom how 
deeply is the ganister fused in? 

Mr. Meyer: It is fused approximately 3 in. The rest of the 
bottom is semi-fused. 

R. S. HAMMOND: * How much burnout do you get in a 7-in. 
section of melting zone lining above the tuyeres? 

Mr. MEYER: From 3 to 314 in. 

W. R. JAESCHKE:* In one of your illustrations one section of 
this lining appears to be burned down to the water jacket. 

Mr. Meyer: The thickness of lining remaining at this spot 
was about | in. 


1 Wisconsin Appleton Co., South Milwaukee, Wis. 
2 Fanner Manufacturing Co., Cleveland. 
3 University of Wisconsin, Madison, Wis. 
Whiting Corp., Harvey, 
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. H. GREENLEE: ® Why was the use of cast iron blocks in the 
charging zone area discontinued? 

MR. MEYER: Because they became loose and fell out. 

R. N. Zotter:® Have you tried rammed or hand-placed as 
well as gun-placed linings? 

Mr. Meyer: Yes, but the tests were not exhaustive. 

Mr. HAMMOND: Have you tried long cast iron slabs in the 
charging area instead of cast iron blocks? 

Mr. Meyer: Yes, but they burned off at the bottom. 

Mr. Leickty: Do your temperatures get that high so near 
the charging door? 

Mr. Meyer: Yes, red hot. We have a 120-in. cupola and the 
brick get red clear to the charging door particularly at the end 
of a heat. 

Mr. ZotterR: Have you tried basic refractories? 

Mr. MEYER: No, we did not; cost was one factor, and basic 
linings require continuous melting to keep the lining hot to 
prevent spalling. 

Mr. ZOLLER: We use basic linings and costs have been cut 30 
per cent over a 2-yr period. 

CHAIRMAN FERRELL: How do you account for the saving? 

Mr. ZOLteR: In labor. 

Mr. JAESCHKE: Mr. Zoller is speaking of gray iron practice 
and Mr. Meyer is speaking of malleable practice. 

This is a very important point. In basic practice one of the 
claimed advantages is higher carbon pick-up whereas in malle- 
able duplex melting we work for a minimum carbon pick-up. 
We wonder what experience anyone else has had. 

J. T. MacKenzie:* We produced iron in basic-lined cupolas 
with as low as 2.50 per cent carbon. 

Mr. JAESCHKE: The records I have seen were from very high 
steel mixtures and in malleable duplex melting we generally use 


5 Auto Specialties Mfg. Co., St. Joseph, Mich. 
6 Zoller Castings Co., Bettesville, Ohio. 
7 American Cast Iron Pipe Co., Birmingham, Ala. 
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55 per cent sprue scrap and must allow for some silvery pig or 
equivalent and this leaves us a maximum possibility of some 40 
per cent steel in the mixture. It is a question whether we can 
get low enough carbgn from mixtures with a maximum of 40 per 
cent steel. 

Dr. MAcKENzIE: We melted mixtures with as much as 40 per 
cent returns. We must remember that chemistry of slag can 
control the carbon pick-up. We have obtained carbons in gray 
iron from 4.30 to 3.20 by varying the steel content and adjusting 
slag analyses. With slags of low viscosity, the sulphur runs 
higher but if this does not matter we could use basic-lined cu- 
polas with slags of low basicity. With basic-lined water-cooled 
cupolas we can run the slag basicity down almost to acid slag 
and get any carbon range. 

Mitton Tittey:* In basic cupola melting, reference is made 
to the basic slag cleaning the coke more efficiently thereby giving 
higher carbons. Would Dr. MacKenzie elaborate on their ex- 
perience? 

Dr. MacKenzie: That is true. 

Mr. ZOLLER: Do you get greater carbon pick-up from the coke 
or from the carbon atmosphere? 

Dr. MACKENziIE: From the coke. 

Mr. HAMMOND: What is the distance from the bed plate to 
the charging door on your cupola? Have you done anything to 
reduce the temperature at the charging zone at the end of a 
heat? 

Mr. MEyeR: The distance is 21 ft. No, we did not try to 
reduce the temperature. We stop charging about | hr before 
dropping bottom. 

J. H. Rickey, Jr.:° What type of refractory do you use for 
a tap-out block in a 16-hr operation? 

Mr. MEYER: We use a fire clay tap-out block. A gun placed 
block was not satisfactory. ° 


8 National Malleable & Steel Castings Co., Cleveland. 
®Tronton Fire Brick Co., Ironton, Ohio. 














ACTUAL APPLICATION 








OF MOTION PICTURES 





IN FOUNDRY MOTION AND TIMESTUDY 


By 


M. T. Sell* 


To make use of the camera for motion study, we 
must, of course, have the proper equipment and fol- 
low a few simple rules if we are to secure useable mo- 
tion studies. it is assumed that the reader is inter- 
ested in this subject and acquainted with timestudy 
techniques; how a detailed elemental study is made; 
how the study is converted to normal times; how the 
normal times are transferred to a comparison sheet, 
then to the charts; the curves developed, relaxation 
added, and finally developed into useable Standard 
Data Tables. Direct standards may be determined 
from each individual motion study the same as from 
a stop-watch study, but with such valuable and de- 
tailed information available, it would indeed be waste- 
ful not to use the information for future standards. 
This, of course, means developing the necessary tables 
for all the elements of work relative to each task, 
thereby permitting the setting of standards by what 
we term “Standard Data” before the job is made. 

The film shown in connection with this paper was 
on the making of small cores on work benches suit- 
able for that purpose. This film is one of the motion 
studies used to develop the writer’s Standard Data 
Tables for bench coremaking in 1946. Those same 
tables, with a few minor corrections for methods 
changes, are still in use today. 

At the time this motion study was taken, the oper- 
ators were working on many jobs which had stand- 
ards determined by direct stop-watch timestudy. In 
order to have more accurate and consistent standards, 
and to make possible the setting of standards at a 
pace which would permit 100 per cent coverage, it 
was decided to develop Standard Data Tables. Upon 
examination of the timestudies it was found that be- 
cause some of the elements were of such short dura- 
tion, certain constant values and other very short ele- 
ments of work had been, in many instances, combined 
and recorded as a single element of work when the 
stop-watch studies were made. It was then that the 
decision was made to use the camera, which would 


* Standards and Payrol) Supervisor, The Sterling Foundry Co., 
Wellington, Ohio. 
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permit as fine a break-down of the work elements as 
might ever be required. Bench coremaking is not a 
fast operation when compared to many assembly op- 
erations, etc., but there are certain elements which 
are practically impossible to segregate when using a 
stop watch. For example, the element “strike-off,” 
and the element “jab vent.” I believe you can readily 
see the trouble one would experience while attempt- 
ing to get an accurate stop-watch reading on that por- 
tion of the element which we term the “constant 
value,” such as grasping the trowel or the vent wire 
and bringing them into working position. We also 
have the constant values for the return of these tools 
to their place on the work bench. 


Advantages of Motion Pictures 


By using the camera, we were able to determine 
these constants and separate them from the variable 
portion of the overall element with ease and accur- 
acy. It was our experience that when this was at- 
tempted with the stop-watch, we were inconsistent 
and invariably on the loose side, simply because we 
could not record the times with any real degree of 
accuracy. 

Film is the perfect record. You cannot quarrel with 
the film. What the operator did—what the person 
did—what the crew did—is there on the film. [!f 
there are any questions as to what was done while 
you were making the study, it is there on the film. 
You can bring them up again at any future time for 
discussion or for analysis. Each film loop is a perman- 
ent, unquestionable record of operations readily avail- 
able for reference at any time. It replaces interpreta- 
tions and memories by permanent facts. The film 
tells an impersonal positive story, undimmed by 
months or years. They are a record and a piece of 
history. 

The analysis of a camera study is not complicated. 
In fact it is very simple, and when completed there is 
absolutely no doubt that the element times represent 
the exact time taken by the operator. 

To analyze the study, the projector, table screen 
and loop stand are set up in a darkened room. The 
counter on the projector is set at zero, and the pro- 
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TABLE | 
Indicated Elapsed Indicated Elapsed Allow- 
Elements Reading Time Reading Time % 100%, ance 
1 Clean Sand From Work Space 13 013 
2 Waste to Box 28 O15 
3 Wipe Box with Waste 127 .098 
4 Waste Away 134 .007 
5 Dusting Bag to Box 13 013 163 .029 
6 Dust Box 81 .068 198 035 
7 Dusting Bag Away 86 .005 202 004 
8 Assemble Box 116 .030 227 025 
9 Pick up Loose Piece 133 017 239 012 
10 Clean Loose Piece 143 .010 244 .005 
il Position Loose Piece 165 .022 291 047 
12 Assemble Box 227 062 390 .099 
18 Check Position of Loose Piece 238 O11 
14 Clamp to Box 259 021 420 .050 
15 Clamp Box 437 178 513 .093 
16 Fill with Sand 470 .033 547 034 
17 Jolt Box (one jolt) 490 .020 565 018 
18 Mallet to Peening Position 510 020 583 018 
19 Peen 588 .078 667 .084 
20 Mallet Away 593 .005 672 .005 
21 Level Sand 606 .013 685 013 
22 Get Shaped Rod (one) 625 019 730 045 
23 Position Shaped Rod - 752 127 842 112 
24 Fill with Sand ' 778 026 857 015 
25 Rammer to Ramming Position 795 017 871 014 
26 Ram _ = (Butt-off) 854 059 934 .063 
27 Rammer Away 863 .009 942 008 
28 Trowell to Strike-Off Position 878 O15 956 014 
29 Strike-off 950 072 1016 .060 
30 Reposition Box 986 .036 1076 .060 
31 Vent Wire to Position 1027 041 1095 019 
32 Vent (4 jabs) 1054 .027 1117 022 
33. Vent Wire Away 1064 010 1123 .006 
34 Move Trowell —a 1139 016 
35 Mallet to Rapping Position 1079 O15 1156 O17 
36 Rap Box 1116 .037 1240 084 
37. Mallet Away 1119 003 1248 008 5 
38 Trowell to Strike-off Position a ——— 1264 016 
39 Strike-off oe — 1274 010 
40 Trowell Away a — 1281 .007 
41 Repcsition Clamp . 1375 094 
42 Position Plate 1154 035 1409 034 
43 Roll Box 1198 .044 1452 043 
44. Remove Clamp 1241 043 1483 .031 
45 Mallet to Rapping Position 1248 .007 1491 .008 
46 Rap Box 1292 .044 1527 .036 
47 Mallet Away 1305 013 1536 009 
48 Draw One-half of Box 1458 153 1649 113 
49 Draw Other Half of Box 1560 -102 1731 .082 
50 Remove Loose Piece from Core 1590 .030 1771 .040 
51 ‘Touch up Core a 1826 055 
52 Lift Core and Plate from Bench 1644 .054 1850 .024 
53 Core and Plate to Turntable 1734 .090 
54 Return to Bench 1774 .040 
55 
56 





jector is turned by hand. Starting with the first ele- 
ment, the projector is turned until we arrive at the 
desired “breaking point” between it and the second 
element. We may turn the projector both forwards 
and backwards past the breaking point to arrive at the 
desired movement. Observing the frame counter, we 
read the number of frames registered and record them 
opposite the element on the analysis sheet. The pro- 
jector is then turned until the next element of ‘work 
is completed, and the accumulated total of frames 
recorded opposite the second element. This is con- 
tinued throughout the entire study, breaking the 





study into as many work elements, constants, and 
variables as desired. After analyzing a motion study, 
the ease and accuracy with which the breaking points 
between the elements can be determined, as com- 
pared to a stop-watch study, can be easily appreciated. 
On short cycle work this is a very important factor 
in determining accurate standards. 

Recording the accumulated readings from the frame 
counter, gives the analysis sheet the appearance of a 
continuous reading stop-watch study, except that the 
values are in increments of thousandths of a minute. 
The element times are determined by simple sub- 
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Patt. No. 1356-1 Box No. 2 Std. Bench 2.0 Std. Floor — — Cc. O. 2.0 Cl. Box — 
Customer W&S Co. Cores/Box l Cores/Catg. ] Type Box Reg. Split 
Part Name H/T 574 Corr. Factor Class Factored by AF-VB_ Date 3-14-46 
Meas. Std. Meas. Std. Meas. Std 
Sand In & Ram 274,” 33 Bedding Nails—Lay in Reg. 
Box Value 27% 75 
Projected Area 534x334-194 .23 Lay in Irreg. 
Strike Off Area 534x214-144 08 Cinder Relief On End Reg. 
Slick Area Rods—Wires On End Reg. 
Lug or Recess 1-9 1% [~ on end 32 
1-1B .20 On End Irreg. 
Clamps 
Tie Wires 
Dowell Pins 
Vents—Rod 
Jab 4 10 
Groove 
Scratch Spray Oil 
Wax Rod Time 
Oil Spots Total Per Box 
Oil Edges Adjustment 
Hooks STANDARD 2.01 





traction, and the number of frames, which represents 
the actual time taken by the operation, is recorded 
for each element description. We know that each 
frame represents one thousandth of a minute because 
the camera used for the study is electrically driven 
and takes exactly 1000 frames per minute. With the 
camera running constantly throughout the study, all 
of the operator’s time is accounted for and there can 
be no errors on the element times caused from mis- 
readings or any loss of time. 

The effort rating or speed rating of the operator 
does not have to be made at the time of the study. 
This is because the projector can be set to project 
the picture at the same rate of speed that it was tak- 
en. This permits the study to be rated at any future 
time and by anyone desired. When we use the stop- 
watch method, the only persons qualified to rate the 
operator are those who may be actually watching the 
operator at the work station. When we use the cam- 
era, the film can be shown to individuals or groups 
who may be interested in the rating or the methods, 
and there is no need to rely on someone’s memory 
for the information. 

Motion studies are invaluable in the training of 
timestudy observers, as well as for reviewing at inter- 
vals to keep their thinking in line with the original 
conception of standard. Many difficult problems which 
in all probability would have become major grievances 
have been settled amicably by management and 
union, after sitting down and viewing the film which 
showed the operator working under the actual con- 
ditions, using certain methods, and working at a 
given pace. Management could actually duplicate all 
of this on the screen before them. 

Observing the analysis sheet (Table 1), we find a 
list of all the element descriptions. In the first col- 
umn opposite each element description is recorded the 
accumulated reading from the frame counter on the 





projector. This reading is taken at the completion 
of each element. After the study has been completely 
analyzed, the readings are subtracted and the elapsed 
time recorded opposite the element applicable. As 
each frame on the film equals 0.001 minutes, the 
elapsed time is expressed accordingly—0.013, 0.068, 
etc. 

You will observe several elements listed (Table 1) 
the elapsed time for which is so small that they can 
not be accurately separated and recorded when using 
a stop-watch. Most of these elements are constants, or 
that portion of the overall element which is present 
regardless of the amount of variable. Using the cam- 
era, the ease and accuracy by which these values can 
be determined can be readily observed. We are thus 
enabled to determine the true constants, and then 
plot only the values on the chart which are truly rela- 
tive to the variable being used. 

For example, let us observe the overall element of 
“jab vent.” A common understanding of timestudy 
technique tells us that elements No. 31 and No. 33 
are constant values regardless of the number of vents 
required. You will also observe that on this particular 
study, the two constant values for this overall ele- 
ment are greater than the time required to perform 
the variable, or the four jab vents. This is indicated 
by the small amount of elapsed time for element No. 
32. If the job required 40 or 50 jab vents, then the 
time required to perform the variable would be 
greater than the constants. It is for this reason that 
the constants must be separated from the variables 
if we are to allow enough time on the four jabs, and 
not an excessive amount for the 40 or 50 jabs. 

We may be inclined to think that the individual 
constants for these various elements are only trivial 
and that we are wasting time when we separate them 
as is demonstrated on the analysis sheet (Table 1), 
but when we add the values for all the constants pres- 
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et in this particular study, they represent 0.268 min- 
utes of the entire cycle. This is approximately 15 per 
«nt of the total overall time taken to make the core. 
\s the job becomes more simple, the overall time de- 
creases, while many of the constants remain, thus mak- 
ing it still more important and necessary to be as 
nearly accurate as is humanly possible on these small 
llowances if we are to have consistent standards. 
Table 2 is a copy of the core factor card. For this 
particular core it is self-explanatory as to the neces- 
sary measurements, information, etc. The values ap- 


$11 


pearing on the card are the standard times allowed 
for the various elements or combination of elements 
as taken from the Standard Data Tables. The total 
of these standard allowances represents the Total 
Standard for the box. 

The uses to which the camera may be applied by 
the Standards and Methods Engineer are many such 
as methods improvement, left and right hand move- 
ment, body movement, training programs, etc., mak- 
ing the camera one of the most useful tools available 
to the Timestudy Engineer. 











EFFECTS OF CERIUM ON GRAPHITE 


FORMATION IN ALLOY CAST IRON 


By 


Edward A. Rowe* and Howard A. Johnson** 


ABSTRACT 


This paper is concerned with the effect of cerium on an alloy 
cast iron containing nickel, manganese, and molybdenum. The 
investigation was conducted to observe the changes in graphite 
structure, tensile strength, and hardness caused by the cerium 
additions. The double treatment, addition of a secondary graphi- 
tizing inoculant with the cerium, is also discussed. 


The structural engineering uses of gray cast iron 
have been restricted by its limited tensile strength and 
ductility. Recent research has shown that the mechan- 
ical properties of this metal are greatly improved if 
the graphite is in the nodular or spherulitic form. 
Processes which result in the production of nodular 
graphite structures in the as-cast condition involve the 
use of cerium or magnesium. 

The problem studied and reported in this paper is 
the nodulizing effect of cerium on a specific cast iron. 


Review of Literature 


Nodular graphite structure, first observed in mal- 
leable cast iron, contrasts with normal flake structure 
in that the graphite is in spherulites or nodules rather 
than in the normal elongated-flake form. Some of the 
disadvantages of malleable cast iron are the section 
limitations and the necessity for very close composi- 
tion contro] to permit satisfactory annealing. Carbon 
structures similar to those in malleable iron can be 
obtained in the as-cast condition merely through the 
use of small ladle additions of cerium. 

The general action of cerium in cast iron as dis- 
cussed by Morrogh and Williams? is first to desulphur- 
ize the melt and then to inhibit the carbide decompo- 
sition. Retardation of graphite formation until after 
the melt has built up interior pressure forces the 
graphite into the stable, spherical configuration. If 
the internal pressure of the melt becomes greater 
than that of the forming graphite, the carbon is re 
tained as a carbide, and the cast iron is susceptible to 
chilling. The harsh carbide stabilizing action of cer- 
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ium can be tempered by secondary graphitizing in 
oculants such as alloys of the ferrosilicon type. 

There are three general theories of inoculant be- 
havior. These are discussed in a paper by Lownie:* 
(1) The theory that gases cause structural changes in 
metals and that the inoculant acts as a degasifier; 
(2) the graphite nuclei theory that the inoculant fa- 
cilitates the formation of graphite nuclei; (3) the 
silicate slime theory that foreign material is provided 
as a nucleus. Which of these theories is correct is not 
known. 

Morrogh and Williams* state these rules for con- 
sistent results: 

1. The iron must solidify gray. 

2. The iron must be hypereutectic; that is. 


the 
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Plates I and IIl—Melt E; 

0.04 per cent Ce added, 

0.027 per cent Ce re- 

tained. Tensile strength, 

61,800 psi; Brinell hard- 
ness, 300. 
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TABLE 1—ANALYsIS OF Cast IRON USED 








ement Percentage 
irbon sg ‘ ’ : , ; : 3 ‘ . 2.25-3.20 
ilphur . ‘ ' ‘ : : ; , ‘ : . 0.03 
\ickel : é : ; : . ; ‘ , , — 
Manganese . ; . . . : . ; . 0.75-2.50 
*hosphorus ; : . ; ‘ ; ; ; ? . 0.02 
Silicon : ; P ; : ' ‘ , ; : a 
Molybdenum . . ‘ ‘ : ; , : , . 1.00 
{ron ‘ R : . . , ' - ; Remainder 
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Plate III—Untreated cast iron. Tensile strength, 67,400; 
Brinell hardness, 310. 


percentage of carbon must be greater than 4.3 
minus 4% of the combined percentages of sili- 
con and phosphorus. 
3. The silicon should be between 2.3 and 7 per 
cent. 
The sulphur should be below 0.02 per cent. 
The phosphorus should be below 0.5 per cent. 
The effects of manganese, copper, nickel, chrom- 
ium, molybdenum, and vanadium are negligible 
so long as the previous conditions are met. 
The alloy cast iton used in this investigation was 
hypoeutectic of composition shown in Table 1. 
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Plate IV — Melt H; 0.01 
per cent Ce added, 0.007 
per cent Ce retained. Ten- 
sile strength, 67,200 psi; 
Brinell hardness, 402. 
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Plate V— Melt V; 0.04 
per cent Ce added, 0.035 
per cent Ce retained; 0.3 
Yo Si added as 85% fer- 
rosilicon. Tensile strength, 
73,000 psi; Brinell hard- 


ness, 363. 
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Plate VI—Melt 1W; 0.04 
per cent Ce added, 0.035 
per cent Ce retained; 1.0 
Jo Si added as 85% fer- 
rosilicon. Tensile strength, 
76,400 psi; Brinell hard- 
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Plate VII—Melt 1V; 0.04 
per cent Ce added, 0.026 
per cent Ce retained; 3% 
Si added as 85% ferrosili- 
con. Tensile strength, 31,- 
500 psi; Brinell hardness, 














Three deviations from the foregoing rules are con- ness, 352. 321. 
TABLE 2—EXPERIMENTAL DATA AND TEST RESULTS 
Tensile Strength 
Treated =—CCoontrrol Strength 

Pouring Cerium, % Silicon, % Sample, Sample, Ratio,**® Hardness, 

Melt Temp., F Addition Retained inoculant* total psi psi % BHN 

A 2670 ~=—SC=«Ois«I1 0.075 — 2.02 =—=—~—Cwanmaachinable—™ ae = 475 
E 2720 0.04 0.027 — 1.96 61,800 67,300 91.8 300 
H 2730 0.01 0.007 — 1.93 67,200 77,250 87.0 402 
I 2750 0.02 0.013 — 1.93 74,700 77,400 96.5 407 
M 2780 0.04 0.035 0.03 1.75 unmachinable —— 475 
Q 2730 0.04 0.032 0.04 1.82 70,600 70,900 99.6 321 
Vv 2780 0.04 0.035 0.3 2.53 73,000 79,000 92.4 363 
xX 2780 0.04 0.023 0.5 2.72 80,400 78,800 102.0 310 
1V 2900 0.04 0.026 3.0 5.87 31,500 55,250 57.0 $21 
1W 2790 0.04 0.035 1.0 3.20 76,400 55,800 137.0 352 
AA 2920 0.05 0.017 3.0 6.17 20,000 72,700 27.5 363 
BB 2890 0.04 0.018 3.0 5.92 25,000 73,500 34.0 341 
cc 2750 0.04 0.024 1.5 4.38 73,600 72,200 102.0 375 
EE 2820 0.05 0.026 2.0 5.10 $3,200 73,000 45.5 302 
FF 2620 0.04 0.018 2.0 4.85 42,600 72,800 58.5 341 


* Secondary inoculant; to melts M and Q as CaSi; to remainder as 85%FeSi. 


** 100xT.S. (treated) 
T.S. (untreated) 





= per cent tensile strength. 
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Plates VIII and IX—Melt 
AA; 0.05 per cent Ce 
added, 0.017 per cent Ce 
retained; 3 per cent Ce 
added as 85 per cent fer- 
rosilicon. Tensile strength, 
20,000 psi; Brinell hard- 
ness, 363. 
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tained in Table 1. The carbon equivalent of the al- 
loy cast iron used is below 4.3 per cent, the silicon is 
2.00 per cent, and the sulphur is slightly high. Car- 
bon is the most serious discrepancy, since the carbide 
stabilizing effects of cerium cause susceptibility to 
chilling in hypoeutectic cast irons, as previously 
stated. The silicon deficiency is partially overcome by 
the presence of 2 per cent nickel, and additional sili- 
con may be added as an inoculant. The excess sul- 
phur is not serious to the problem although it would 
increase the cost, since the cerium acts preferentially 
and desulphurizes before it stabilizes the carbides. 


Experimental Procedure 


In order to minimize the possible effects of other 
metals, especially the rare earths, the purest cerium 
available was used. This analyzed 92.6 per cent cer- 
ium, 1.1 per cent iron, and the balance other rare 
earth metals. Misch-metal* has been suggested for 
commercial use provided it is magnesium-free.* 

All test melts were taken from regular heats. The 
alloy cast iron was melted in basic electric furnaces to 
control composition. The furnace charge was made 
up of high grade pig iron, foundry scrap, mild steel, 
coke and alloy additions of manganese, silicon, nickel 
and molybdenum. Melting practice consisted of melt- 
ing down, slag removal, oxidizing with iron ore or 
mill scale, again removing slag, and then superheating 
to 3000 F. Oxidizing conditions are very important 
during the superheat. As the melt was tapped, a | 


*Misch-metal, an alloy containing 45 to 52 per cent cerium, 
45 to 48 per cent other rare earths, 0.5 to 2.5 per cent iron, and 
traces of silicon, aluminum, and calcium. 
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per cent addition of a nickel alloy inoculant (a «0 
per cent nickel, 30 per cent silicon, 10 per cent iro.) 
was added in the preheated ladle. 

A portion of the heat was tapped into a shank 
ladle of 165-lb capacity. The alloy addition, cériuin 
plus any secondary inoculant, was added to the met.:| 
as it was tapped. It is necessary to add the ceriuin 
before or with a secondary inoculant to obtain tlie 
best results. Stirring action of the pouring met:l 
insured proper mixing. Nine cylindrical test bais 
(11% by 15 in.) were poured. 

The pouring temperatures shown in Table 2 were 
measured as the metal was poured into the molds. 
These temperatures varied, due to exothermic reac- 
tion of the secondary inocuiants. The molds were 
made from dry sand cores mounted in one unit and 
poured from a central downgate. Since the physica! 
properties of the alloy cast iron used vary slightly 
from heat to heat, an untreated sample was poured 
for each melt. The effect of the cerium was evaluated 
by the difference in physical properties of the un- 
treated and the treated samples. 

Standard 0.800-in. tensile specimens were machined 
from the lower portions of the test bars according to 
ASTM specifications. These were pulled to destruc- 
tion at a loading factor of 0.4 in. per min. The 
broken specimens were used for Brinell hardness 
tests and metallographic examination. 

Drill shavings were taken from the test bars for an- 
alysis (Table 3). Because of the small percentages of 
cerium, colorimetric determinations were run. This 
determination consists of dissolving a standard sample 
in hydrochloric acid, oxidizing the’ solution, adjust- 
ing the pH, electrolytically removing the iron, man- 
ganese, nickel and molybdenum, reducing the cer- 
ium, re-adjusting the pH, and extracting the cerium 
with a reagent of 8-hydroxyquinoline dissolved in 
chloroform. 

The absorption of the cerium-8-hydroxyquinoline 
solution when using a green filter (540 millimicrons) 
is measured in a Klett photometer and the percentage 
of cerium read from a calibration graph. Full details 
of the method are given by Westwood and Mayer.® 

Standard determinations were run for the other 
elements. 

The first series of tests were made to investigate 


TABLE 3—CHEMICAL ANALYSIS OF MELTS 





Components, % 


Melt Cc Mn P S Si Mo Ni Ce 











A 2.65 140 0.024 0.031 202 1.01 190 0.075 
E 241 1.57 0.034 0.033 1.96 1.00 1.95 0.027 
H 2.69 147 0.026 0.026 1.93 1.01 2.64 0.007 
I 269 1.47 0.026 0.025 193 1.01 264 0.013 
M 2.57 1.74 0.025 0.020 1.75 1.10 1.87 0.035 
Q 2.64 144 0.036 0.017. 182 0.96 1.86 0.032 


\ 252 135 0.020 0.015 253 1.00 1.71 0.035 
X 252 1.35 0.020 0.017 2.72 1.00 1.71 0.023 
1V 2.77 1.33 0.019 0.013 5.87 100 2.01 0.026 
IW 2.77 1.33 0.019 0.018 3.20 100 201 0.035 
AA 247 1.34 0.033 0.017 6.17 102 227 0.017 
BB 2.47 1.34 0.033 0.015 592 1.02 227 0.018 
CC 247 1.34 0.033 0.013 438 1.02 227 0.024 
EE 247 1.34 0.033 0.018 5.10 102 2.27 0.026 
FF 247 1.34 0.033 0.009 485 1.02 227 0.018 
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TABLE 4—EXPERIMENTAL RESULTS FOR CERIUM ADDITIONS 
























Additions, % Properties 
Cerium Inoculant Tensile Hard- 
‘. . Strength, ness, Plate 

Melt Added tained %SiSource psi BHN Structure No. Remarks 

A 0.1 0075 — —— —_ White Iron — Literature gives 0.1% as upper limit of Ce additions. 
However, white iron was obtained. There was a pro- 
nounced inverse chill. 

E 0.04 0.027 — -— — _ 61,800 300 Mottled iron in out- I Strength lower than the untreated specimen due to 
side bars, gray iron in II definitely oriented Type E* graphite. Rosette patterns 
center bar. Distinct cast noted, indicating solidification prior to nodule forma- 
structure with acicular tion. Martensitic regions in Plate II verify rapid chill- 
pearlite and carbides ing. Melt indicates an upper limit of 0.04% Ce under 
in matrix. the test conditions. 

Untreated — — — — 67,400 310 Type A Graphite III Cast structure is similar to that of Plate I. 

H 0.01 0.007 — —— _ 67,200 402 Coarse, well-oriented IV Decrease in tensile strength in structure of this kind 
Graphite structure. caused by planes of weakness. Etching** revealed 

matrix of acicular pearlite and carbides. 

I 0.02 0.018 — —— 74,700 407 Imperfect Rosettes — Grouping of graphite flakes produced imperfect rosettes 
similar to type B graphite. Fine matrix shown on 
etching. 

M 0.04 0.035 0.03 Ca —_  — White Iron — Amount of silicon added as secondary inoculant was 

Si too small. 
Q 0.04 0.032 0.04 Ca 70,600 321 Gray Iron — Graphite structure did not fall into any standard 
Si classification. Etching revealed fine, acicular matrix. 
V 0.04 0.035 0.3 85% 73,000 363 Quasi-flakes of graph- V_ Difficulty in control of the powerful action of calcium 
FeSi ite — some small no- silicon led to use of 85% FeSi. Chill areas were visible 
dules. on etching, indicating lower limit of FeSi additions. 
Tensile strength was lowered by chill areas. 
xX 0.04 0.023 0.5 85% 80400 310 Similar to V. — Chill areas were eliminated, and the size of the carbide 
FeSi areas was reduced. 
1W 0.04 0.035 1.0 85% 76,400 352 Very fine quasi-flakes VI On etching, this melt showed an extremely fine matrix 
FeSi and nodules. with small areas of carbides. 
1V 0.04 0.026 3.0 85% 20,000 363 Considerable change VII Metal was very friable and brittle, making it highly 
FeSi due to 3% Si addition. machineable, but of little value because of low tensile 
True nodules appeared strength. Hairline cracks were noted in the ferrite 
for the first time, sur- areas. The cause of the cracks is not known, but they 
rounded by ferrite were undoubtedly the cause of the brittleness. 
areas. 
AA 0.05 0.017 3.0 85% 20,000 363 Almost entirely VIII Etching revealed structure similar to 1V but a new 
FeSi nodular. IX phase, thought to be steadite was noted. The steadite 
is not explainable, since the phosphorus was very low. 
Plate IX contains two graphite nodules surrounded by 
ferrite, in turn bounded by pearlite. The light mottled 
area surrounded by pearlite is steadite. Cracks again 
caused low strength. 
BB 0.04 0.018 3.0 85% 25,000 341 Similar to AA. X This heat was made to determine reproducibility of 
FeSi results of AA. A similar structure resulted and again, 
apparently, a new phase (Plate X). Plate XI shows the 
skeleton-like structure resembling material described 
as steadite*® solidifying out of the carbide areas. Why 
this ingredient presents such a pattern on solidification 
is not known. 
cc 0.04 0.024 1.5 85% 73,600 375 Fine, unoriented flake XII Tensile strength very high compared to AA and BB 
FeSi graphite mixed with containing nodular graphite. The differences in mat- 
some malformed no- rices explains this increase, Plate XII showing acicular 
dules. pearlite surrounding decarburized areas of ferrite. 
EE 0.05 0.026 2.0 85% 33,200 302 Similar to preceding XIII Low tensile strength. 
FeSi melts. 
FF 0.04 0.018 2.0 85% 42,600 341 Similar to EE. — There is an interesting comparison between this melt 
FeSi and CC. A variation of 0.5% silicon ‘added in the 


*A.F.S.-ASTM Classification 


**All etching using 2% Nital 


secondary inoculant resulted in a difference of nearly 
100% in tensile strength. 




































Unetched 100X 500X 
Plates X and XI—Melt BB; 0.04 per cent Ce added, 
0.018 per cent Ce retained; 3% Si added as 85% ferro- 
silicon. Tensile strength, 25,000 psi; Brinell hardness, 341. 


the effect of various cerium additions on the physical 
properties of the alloy cast iron. The second series 
investigated the effects of cerium plus a secondary 
inoculant. The results of these experiments are pre- 
sented in Table 4. 


Summary 


Cerium affected the graphite structure in all melts. 
Cerium alone tended to produce oriented graphite of 
Type E, which lowered the tensile strength. A pro- 
nounced chilling effect was noted in melts treated 
with cerium alone. Desulphurization was not com- 
pleted to the extent reported by Morrogh and Wil- 
liams.* 

The addition of a secondary innoculant with the 
cerium improved the tensile strength and graphite 
structure. Both the type and amount of the secondary 
inoculant influenced the amount of acicular pearlite 
produced. In the alloy cast iron the maximum tensile 
strength is associated with the amount of acicular 
pearlite and the size of Type A graphite. 

Nodular graphite structures were obtained in the 
alloy cast iron, but at the expense of modifying the 
acicular pearlite matrix. 

The most desirable physical properties were ob- 
tained in the range of 0.04 to 0.05 per cent cerium 
with 1.0 to 1.2 per cent silicon added by ferrosilicon 
as a secondary inoculant. 
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Plate XIII — Melt EE; 
0.05 per cent Ce added, 
0.026 per cent Ce re- 
tained; 2 per cent Si 
added as ferrosilicon. Ten- 
sile strength, 33,200 psi; 
Brinell hardness, 302. 


Plate XII—Melt CC; 0.04 
per cent Ce added, 0.024 
per cent Ce retained; 1.5 
per cent Si added as 85 
per cent ferrosilicon. Ten- 
sile strength, 73,600 psi; 
Brinell hardness, 375. 
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DISCUSSION 


Chairman: W. H. Wuirte, Jackson Iron & Steel Works, Jack- 
son, Ohio. 

Co-Chairman: Cart Harmon, Hanna Furnace Corp., Buffalo. 

Recorder: C. C. SiGERFoos, Michigan State College, East Lan- 
sing. 

J. J. Brenza:* How do you explain presence of hairlines in 
the microstructures? 

Mr. JouNson: As far as we can tell those hairlines are actual 
cracks in the structure. 

CHAIRMAN WuitTeE: Those hairlines might possibly be due to 
the metallographic polishing technique. 


1 Koppers Co., Inc., Baltimore, Md. 








bal 
= 


v2 


Zhen 





-_— vu 








APPRENTICE TRAINING—IT IS NEEDED 


By 


Maurice C. Sandes* 


ABSTRACT 

A study of the amount and kinds of apprentice training in 
foundry work has revealed such a lack of interest and planning 
on the part of industry that a iarge scale shortage of skilled 
molders and coremakers will fall upon the industry with great 
impact. 

Regardless of the continued trend for production work with 
the aid of molding machines, core blowers, etc., and the resultant 
use of specialist workers who can be quickly trained, there is 
still the need for journeymen molders and coremakers who can 
be expected to tackle the unusual, the intricate and the large 
molding problems with confidence and dispatch. 

There are relatively few programs in the country that train 
such workers. There must be more of them. Most states, espe- 
cially those in the great industrial regions of the nation, are 
woefully short of the required number of apprentices needed to 
keep the proper amount of skilled workers available to the indus- 
try. Without the people responsible for the continued flow of 
sound salable castings, the industry will face a continued loss 
of prestige, influence and business. 

Apprentice training is the answer. The youth of the country 
must be given the opportunity to earn their livelihood through 
proper training. This training must be complete; the opportu- 
nity to go to the top of their trade must be made to them. 
The disclosure of the small number of apprentices being trained, 
the realization that some organizations, large and small, are 
operating carefully planned apprentice training programs and 
are satisfied that it pays, should “spark” the rest of the industry 
and set in motion a nation-wide plan for more foundry appren- 
ticeship. 


With the growing shortage of skilled foundrymen 
becoming more apparent, a greater interest must be 
shown apprentice training by both industry and the 
government. The primary objective of the appren- 
ticeship program is to train efficiently, to the degree 
of competence ordinarily expected of journeymen, the 
proper number of youths to meet the needs of in- 
dustry for workers in skilled occupations.!_ This has 
not been done to the amount nor degree of quality. 

The Foundry Industry is an expanding industry 
and large numbers of men are needed every year to 
train for this work. Too often the training is inade- 
quate and haphazard. Since World War II, appren- 
tice training has grown but not to the extent that it 
should. There are still too many organizations who 
recognize the value of organized and well rounded 
training but are too willing to “let George do it,” 


* Foundry Training Coordinator, Mare Island Naval Shipyard, 
Vallejo, Calif. 
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while they continue with specialist training which, 
though adequate for them is not a credit to the area 
or nation-wide industry. 

The Foundry Industry still needs mechanics who 
can make intricate castings; who can secure a hid- 
den flange, make up a charge for a cupola, and figure 
the weight of a large casting. For such men, a long 
range training program is a necessity. It should not 
be a hit or miss proposition. Apprentice training is 
needed and will pay off if properly planned and care- 
fully administered. Short-term training has been tried 
in many places and it has paid off for some organiza- 
tions. However these people who had the short-term 
training need further training when they attempt to 
work at their trade at another plant or in another 
locality. The modern youth wants job security and 
knows that it is gained through complete knowledge 
of his work. Dissatisfaction with the industry is very 
often the result of partial training. 


Apprentice Training Statistics 


Some of the statistics on foundry apprentice train- 
ing are not generally known. From the records of the 
Bureau of Apprenticeship of 1950? a total of 1136 
registered apprentices is shown in training for the 
trades of molder and coremaker. The status of regis- 
tered apprenticeship in molding and coremaking is 
somewhat different than the. true figure of training 
being done. Numerous large foundries operate pro- 
grams outside the National Apprenticeship Program, 
and generally these programs substantially conform 
to the federal standards except for joint establish- 
ment. In many cases they are the finest examples of 
apprenticeship training and are a credit to the people 
who started them and to those who are continuing 
these programs. These programs would account for 
perhaps another three hundred in training. The gov- 
ernment establishments, such as the naval shipyards 
which have civilian apprenticeship opportunities, 
could be said to have another fifty. There are other 
foundries who have apprentices but with no planned 
or supervised training program. The students are 
used solely as a source of labor and profit. Any fig- 
ures on apprenticeship training from such a situation 
must be excluded as they would not apply. 
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The total figure, then, was 1486 apprentices in 
training for molding and coremaking. A round figure 
of 1500 can be used safely. At this time, 5405 estab- 
lishments operated foundries or foundry departments. 
This shows an average of less than 0.3 apprentice 
per foundry! This is an appalling figure. 

To get another view of the situation, we should 
know the ratio of apprentices to journeymen in the 
trade. Figures show approximately 70,000 molders 
and 30,000 coremakers in the continental United 
States. Not all this number perform work at a level 
which requires apprenticeship. Perhaps 35,000 mold- 
ers and 18,000 coremakers are now available for jobs 
requiring skills and knowledge at the craftsman level. 
Using the figures of 1500 apprentices and 53,000 jour- 
neymen, a ratio of one to thirty-five is derived! Nor- 
mal loss of apprentices from training before comple- 
tion of the apprenticeship is close to 25 per cent dur- 
ing these times of great employment opportunities 
and high wages. This widens the ratio even more. 
The ratio of one to eight as set by the International 
Molders Union would make a figure of about 6600 
apprentices when using 53,000 as the journeyman 
figure. The Bureau of Apprenticeship has stated that 
the total registered apprentices represent but 17 per 
cent of the required apprentice employment. This is 
less than a fifth! 


Graduation of Apprentices 


At this time, it can be pointed out that only one- 
fourth of the total number of apprentices can be grad- 
uated and utilized as journeymen every year. This 
means that out of 1500 apprentices about 400 could 
be available to the industry in 1951. Four hundred 
to be spread between 5400 shops! 

Contrary to what might be expected there is no 
section or region in the U. S. which leads the rest of 
the country in foundry apprenticeships. Indeed the 
facts are baffling and rather point out that more is 
done by states than by any federal agency on plan- 
ning. Consider that Regions VI and VII which in- 
clude Kentucky, Michigan, Ohio, Illinois, Indiana, 
and Wisconsin (who have a total of 1947 foundries 
or nearly two-fifths of the total foundries in the 
country), have a registered total of only about 8 per 
cent of the apprentices they need to make the proper 
ratio. These regions are considered the great in- 
dustrial section of the country. On the other hand, 
a section not generally thought of as highly industrial 
is Region XIII, Idaho, Oregon and Washington (who 
have a total of 148 foundries or slightly under 3 per 
cent of the total foundries in the country). This re- 
gion has registered 63 per cent of the apprentices 
they need to make the proper ratio. 

To pin-point this situation, a comparison can be 
made of adjoining states in a region. For example, 
Georgia has 136 per cent of the registered appren- 
tices needed to balance the journeyman-apprentice 
ratio whereas Alabama has only 1 per cent! Again, 
for example, Rhode Island has 3 per cent but Massa- 
chusetts, her neighbor, has 43 per cent. 

Can this perhaps be because some shops were not 
equipped for training? This is not so. A survey of 
over 4000 foundries by the field staff of the Bureau 
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of Apprenticeship found that 55 per cent were ade- 
quately equipped to train apprentices. These ade- 
quately equipped shops amounted to’ 2339. Howeve:, 
only 562 of these were training under registere:! 
standards. The remaining 1777 shops constitute a 
great potential for additional development. It is in 
dicated that the gap between required apprentic: 
employment and actual employment can be closed 
only by the development and registration of systems 
in foundries which are now failing to train although 
adequately equipped. 

This development is being done in one area ol 
California, largely through the efforts of the A.F.S. 
Chapter there. Of the states on the West Coast, Cali- 
fornia has by far the greatest amount of foundries and 
the most apprentices registered though nowhere near 
the percentage needed. There are 422 shops in the 
state and the greatest number of these are in the 
southern part around Los Angeles. The San Francisco 
Bay Region, however, with about 60 shops in a rela- 
tively small geographical area is carrying the training 
load and very efficiently too. 

A survey of the Los Angeles Area showed very little 
organized training of apprentices. Most shops showed 
very little interest in such a program. Several shops 
had a post-war program which had failed due to 
several reasons and were reluctant to start again. 
Others were interested but were not convinced that it 
was possible to train apprentices and not lose money 
by it. (These same reasons apply ali over the na- 
tion). Even the schools were indifferent towards 
foundry courses. One high school had a small found- 
ry course which was used in the exploratory program. 

The Pasadena City College has a foundry course 
and a small shop. Besides serving the engineering 
classes, it is attempting to produce trained men for 
actual foundry work. Registration for this course is 
small as very few young men are sufficiently interested 
in going into the foundry industry. Funds are lack- 
ing to properly equip the shop. Not enough enthusi- 
asm is being shown by the industry in the area. 

In the San Francisco Bay Region, as was already 
mentioned, training was well thought of. The local 
city governments and the schools backed it because it 
meant better citizens, people with the background 
which enabled them to find work easily, people who 
were more contented, more secure, who were better 
educated. The labor organization backed it because 
it meant supply of properly trained skilled workers, 
and a finer potential of supervisory personnel. 


Joint Apprenticeship Council 


The Joint Apprenticeship Council (known as JAC), 
composed of labor, management and school repre- 
sentatives and a government representative has in this 
region two committees, one in the San Francisco and 
peninsula side and one in the East Bay side which 
includes the cities of Oakland, Alameda, Berkeley, 
Richmond and several other smaller communities. 
Both areas are very active and the shops always have 
the proper ratio of apprentices to journeymen. The 
JAC meets once a month during school months and 
takes up the matters of indentures and complaints 
of the apprentice, management and school. 
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The East Bay Area boasts three night school classes 
{.. trade extension. One in the Berkeley Evening 
\{igh School and two in the Laney Trade and Tech- 
vical Institute in Oakland. These are trade extension 
«asses held two nights a week from 7:00 to 9:15 p.m. 
(he classes in both schools include classroom work 
for related information and actual shop practice. 

The instructors of these classes are journeymen 
iolders and coremakers whose work experience and 
veneral knowledge of the trade have been approved 
by the Joint Apprenticeship Committee (JAC) of the 
area. This committee has been very instrumental in 
furthering these classes by scheduling speakers to 
talk on foundry subjects on the level that the appren- 
tice can understand and appreciate. The manage- 
ment members have made available to the ‘classes 
films on foundry work and related subjects. With 
the help of the committee, an outline for a book for 
teaching the related information of the trade to 
apprentices was formulated. This book, called a work- 
book, and its companion, a test-book, was written 
and has been printed by the State of California. Now 
in use in the East Bay Area classes, it has simplified 
the instruction and is doing a much better job in that 
a more evenly progressive rate of learning is offered 
to the apprentice while in the trade extension classes. 

Educating the apprentices to be receptive to such 
a program is highly necessary. Attendance of these 
classes is mandatory of the apprentices in order for 
them to obtain their Certificate or Diploma of Com- 
pletion of Apprenticeship. In fact, the apprentice- 
ship agreement may be dissolved by the Committee 
if proper excuse is not given for the non-attendance 
of classes. However, under the stimulus of good teach- 
er ability, proper classroom facilities and progressive 
learning, attendance has become voluntary and a 
much more eager spirit has been noted among the 
apprentices of the area. 


Planned System of Training Mandatory 


In this state’s 422 foundries, only 38 per cent of the 
amount of apprentices needed are registered in train- 
ing. However this figure is well over the average of 
17 per cent shown for the entire nation. This indi- 
cates a planned system of training, at least in part of 
the state. The preceding system about the Bay Area 
has been high-lighted in order to show how much 
can be done with a well integrated system. This 
has been the result of harmony between labor and 
management, combined with the willingness and 
know-how of the school officials. The same thing, 
perhaps better, can be accomplished anywhere in the 
country. Some of the reasons why it is not being 
done will be listed later. 

As have been before, there are large companies 
which operate foundries who have fine apprentice 
programs especially worked up. Examples of these, 
to name but a few of the most well-known ones, are 
Caterpillar Tractor Co., Peoria, IIl., Bethlehem Steel 
Corp., Sparrows Point, Md., and the Newport News 
Shipbuilding & Dry Dock Co., Newport News, Va. 
These organizations have splendid examples of ap- 
prenticeship training programs. The foundry appren- 
tice training at the U. S. Naval Shipyards are won- 
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derful examples too. Here the end product is not 
just a molder or a coremaker but a skilled foundry- 
man capable of handling any and all of the depart- 
ments in the foundry. 

Obstacles to Overcome 

It is not expected that all foundries can equal such 
programs but they can approximate them with the 
help of the proper agencies. There are obstacles to 
overcome in order to establish apprenticeship on the 
scale needed. These obstacles come under five main 
headings: 

(1) Obstacles created by management. 

(2) Obstacles created by attitudes of unions. 

(3) Obstacles created by conditions in the industry. 

(4) Obstacles created by attitudes of apprentices 

or applicants. 

(5) Obstacles created by conditions outside the in- 

dustry. 

Under the first heading, Obstacles created by man- 
agement, can be listed thirteen subheadings. The 
first three and most prevalent are: 

(a) Management has not yet become sufficiently 

interested. 

(b) Management objects to participation in gov- 

ernment-sponsored program. 

(c) Management believes supply of journeymen is 

adequate. 

The fallacy of subheadings (a) and (c) are shown 
partly by this paper. “American Industry—is overlook- 
ing the importance of building up and maintaining 
the supply of highly skilled craftsmen. These skilled 
workers have been the backbone of American super- 
iority in manufacturing and to them must be at- 
tributed our sense of know-how and Yankee ingen- 
uity.’””8 

Under subheading (b) there has never been a valid 
reason stated for the objection to participation in 
government-sponsored programs. 

The second series of obstacles, that is those created 
by unions, has four subheadings. The most important 
of these is: 

(a) That unions have not yet become sufficiently 

interested. 

In the third group, those created by conditions in 
the foundry, are nine subheadings of which four are 
listed here as the most prevalent: 

(a) Lack, or irregularity, of work. 

(b) Almost all jobs are now semi-skilled. 

(c) Piece rates and short-term training of special- 

ists. 

(d) Applicants avoid trade because of physical 

working conditions. 

In the fourth group, those obstacles created by at- 
titudes of apprentices or applicants, are five head- 
ings of which one is dominant and that is: 


(a) The wage scale is considered too low to at- 
tract the proper kind and number of appli- 
cants for apprenticeship. 

The fifth and final group has three subheadings of 

which two are the most prominent and important. 

(a) Shortage of field representatives for promotion- 
al work. 

(b) Field staff has not given the industry its share 
of promotional attention. 
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The course that must be taken to build up the 
skilled working force in our nation is by training. 
It has been agreed that systematic training in ap- 
prenticeship is the most satisfactory guarantee of 
maintaining a skilled force. The first thing that must 
be done then is to “sell” both labor and manage- 
ment on a nation-wide basis. It must be a coopera- 
tive enterprise. Promotional literature must be dis- 
tributed to local industry. Trade magazines should 
be encouraged to publish more articles on apprentice- 
ship. The Bureau of Apprenticeship should provide 
a larger staff and it should be educated to the im- 
portance of the foundry industry. Schools should be 
encouraged to give more information about the in- 
dustry to students and in foundry centers to operate 
a small shop or laboratory. Where there are classes 
that include foundry work or where trade extension 
classes are already operating in schools, al] efforts 
should be made to keep courses up to date and have 
competent instructors. 


Hackley Manual Training School 


This last point has been well taken in some places 
although, unfortunately, not duplicated everywhere. 
As a model, the Hackley Manual Training School, 
Muskegon, Michigan is beyond a doubt one of the 
finest. There a group of foundries found from a 
survey that 22 per cent of the employed in Muskegon 
worked in foundries or allied enterprises, yet there 
was no training available. The school there had a 
foundry shop but it had not been used in 18 years. 
This foundry group rehabilitated this shop at a cost 
of $20,000. Modern layout, safety and cleanliness were 
stressed. Mechanical equipment included an electric 
melting furnace, molding machines, shotblast equip- 
ment, complete tools for the students, mechanical 
sand mixing equipment and a laboratory complete 
with sand testing equipment. The final step was to 
see that a competent teacher-instructor was secured. 

This fine school foundry is used to the best possible 
advantage. The students receive training in mechan- 
ical drawing, patternmaking, foundry work and mach- 
ining and finishing. By the time twelfth grade is fin- 
ished, instructions in nearly all phases of foundry 
work and laboratory work has been given. Basic 
physics and chemistry, a special time and motion an- 
alysis, elements of metallurgy and cost planning are 
included in order to cover completely the training. 

From such a school lay-out, students are produced 
who can go into the foundry as molder and core- 
maker apprentices, as laboratory assistants, as sales 
trainees or into other trades or fields with a fine 
background that gives them an understanding of the 
versatility of the trade and an appreciation of the 
importance of the industry. 

This school program can be duplicated anywhere 
in the country. Foresightedness is the key. The 
foundrymen in this one area used this key. It was a 
wise investment. The results from it will begin to 
show in ten or fifteen years by the number of young 
men who will be in responsible jobs and positions 
because of having had proper training. These are 
the men who will secure the industrial prominence 
of this country. For by the act of initiating better 
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training of their future workers, the industry wil! 
reap the benefits derived therefrom. 

Various training programs may be selected to fi 
the problems posed in any given area. One of th 
finest is the trade exploratory course at the hig) 
school level. Another, and the next step up fron 
this, is the preparatory course, either full or par 
time, night or day school. This may be a pre-appren 
ticeship program in which the student may receiv: 
credit for his studies and work towards completion 
of apprenticeship. Trade extension courses for the 
youth already in an apprenticeship is designed to 
give all the related instruction needed and possibly 
some actual shop practice when a shop or laboratory 
is available. The needs of the community will de- 
cide which type or combination of training program 
is needed; however, the procedure for planning is 
the same for all. The following points are recom- 
mended: 

(1) All local industries should determine the need 
for vocation-technical training. 

(2) Determine the facilities available for training. 

(3) Plan, develop and conduct training programs. 

(4) Organize instructional material. 

(5) Secure and keep competent teacher-instructors. 

(6) Publicize the program. 
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Chairman: G. J. BARKER, University of Wisconsin, Madison. 

Co-Chairman: W. J. Hesarp, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Recorder: W. J. HEBARD. 

FRANK SuHipLey (Written Discussion):+ Mr. Sandes is to be 
commended on his paper which points out one of the salient 
weaknesses in the industry; namely, the lack of training for key 
personnel who will share the responsibility for the future of the 
industry. In the past ten years the “shot gun” courses of special- 
ist training have been in vogue which, of course, causes regular 
training to be slighted. It is high time that we all think seri- 
ously of our past mistakes and concentrate on a greater effort in 
training in order to supply qualified personnel fcr future needs. 

As Mr. Sandes points out, most schools are indifferent to 
foundry programs. Only a few schools iiave small foundry facili- 
ties and even in these the foundry subject is touched cn lightly. 

We, in the foundry industry, must correct this by making the 
students more interested in the foundry. We proclaim to the 
world that “The foundry is a gcod place to work.” Let’s be sure 
we make this a reality and we will have less difficulty in inter- 
esting young men in it. A good starting point, of ccurse, would 
be to convince the instructor. He could well be included in local 
A.F.S. chapter membership even if the local chapter must pay 
his dues. Helping to set up small non-ferrous foundries in the 
schools would be a cheap but profitable methed of selling 
foundry work to students. Classes could be escorted through 


1 Foundry Supt., Caterpillar Tractor Co., Peoria. 
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the foundry with competent guides who would actually take 
enough time to thoroughly explain the foundry methods to the 
students. 

Mr. Sandes mentions the low wage scale for apprentices as one 
of the obstacles which prevents young men from being attracted 
to the foundry industry. This could be corrected by making the 
training course so attractive and so well outlined that it would 
actually be a privilege to get into the course. The apprentice 
should be made to feel that his graduation rate is his beginning 
rate and that all of his training can now be brought into prac- 
tice in order to increase his earning power. 

We at Caterpillar are very fortunate in that we have a man- 
agement who is thoroughly and completely sold on elaborate 
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training programs. These programs were begun some 24 years 
ago and-have been improved and expanded until at the present 
time there are somewhere between 500 and 600 young men in 
training in our various courses. 

If such a program had not been in effect we would have been 
unable to supply the trained personnel for the manufacturing 
facilities which have increased over five fold in the past 20 years. 
With the demand for closer tolerances, faster methods, and 
better quality products becoming a necessity in foundry work, 
training more competent personnel is not a luxury but an 
absolute necessity. The extra effort and time spent in a train- 
ing program now will result in a more secure future for the 
foundry industry. 








COMMERCIAL EXPERIENCE WITH HIGHER 


SILICON NODULAR IRONS 


By 


Richard Schneidewind* and Howard H. Wilder** 


There has frequently been some hesitation on the 
part of foundrymen to making nodular cast iron with 
over 2 or 2.5 per cent of silicon because of fear that 
high silicon harmfully reduces the toughness and 
elongation of the iron. If true, this limitation is seri- 
ous in view of the quantity of late silicon added as 
an inoculant and particularly if the nodulizing alloy 
is of the ferrosilicon-magnesium type. 

A typical nodulizing schedule may call for 0.30 
per cent of magnesium for nodulizing and 0.50 per 
cent of late silicon in the form of ferrosilicon for 
inoculation. If the nodulizing alloy contains 12.5 
per cent Mg, 40.5 per cent Si, 15.0 per cent Cu and 
the remainder Fe, the amount of alloy required is 2.4 
lb per 100 lb of metal. This addition will increase 
the silicon content 0.93 per cent and introduce 0.36 
per cent of copper. A late silicon addition of 0.50 
per cent will further increase the silicon to 1.43 per 
cent above that of the base iron. 

Similarly if the nodulizing alloy contains 14 per 
cent Mg, 64 per cent Si, remainder Fe, the addition 
of this alloy plus the inoculant will raise the silicon 
1.87 per cent above that of the base iron. Unless ex- 
ceptional care is used in selection of the cupola charge 
it is obvious that the final silicon can be kept below 
2.5 per cent only with great difficulty. This is brought 
home forcibly if it is assumed that the charge will 
contain at least 40 per cent of nodular sprue if nodu- 
lar iron is made in continuous production. 

White, Rice, and Elsea! reported a series of irons 
ranging in silicon from 2.61 to 5.94 per cent. The 
1.25-in. keel blocks in the as-cast condition exhibited 
a great decrease in ductility between 3.22 and 4.95 
per cent Si. The tensile strength decreased sharply 
between 4.95 and 5.94 per cent Si. Since only five 
compositions were run and since the nodulizing prac- 
tice was experimental it is felt that these results al- 
though correctly indicating the trends, are not suf- 
ficiently quantitative to delimit the maximum safe 
silicon contents for a ductile nodular iron. 





* Professor of Metallurgical Engineering, University of Michi- 
gan, Ann Arbor, Mich. 

** Manager, Iron Foundry Division, Vanadium Corporation 
of America, Detroit, Mich. 





Annealed Nodular lrons—Ferrite Matrix 


In order to study the effect of silicon on the ductile 
nodular irons, the annealed irons will be considered 
first. The microstructure consists of only two phases: 
ferrite and nodular graphite. The mechanical prop- 
erties therefore can only be those of the ferrite as 
modified by the presence of the nodular graphite. 

Ferrite in annealed gray irons, permanent mold 
irons, and malleable cast irons is alloyed with appre- 
ciable quantities of silicon and may contain inclu- 
sions of manganese sulphide, phosphides, and en- 
trapped non-metallics such as oxides and slag. In 
nodular iron the sulphides and phosphides are held 
at a minimum. This ferrite is alloyed with silicon 
and manganese and may carry copper or nickel in 
addition. The presence of 2.5 to 4.0 per cent of 
graphite by weight (up to 10 per cent by volume) 
should tend to reduce the tensile strength and duc- 
tility. 

Yensen? studies the properties of annealed pure 
carbon-free iron-silicon alloys. Figure 1 shows the 
yield strength and tensile strength as influenced by 
silicon. His results showed an anomalous behavior at 
2.65 per cent Si which he was not able to explain 
fully and which is generally not found in commercial 
materials. The strength values dropped sharply at 
4.5 per cent Si. These data indicate that each 1 per 
cent of silicon increases the base tensile strength of 
annealed iron 34 per cent and the yield strength, 89.5 
per cent. 

Lacy and Gensamer*® reported an equation which 
shows the increase in strength of ferrite as influenced 
by alloys as follows: 

A S—K X0.71 


where 
ASS = increase in strength in 1000 psi 
(yield strength or tensile strength) 
X = amount of alloy in atomic per cent 
K = a factor, for Si it is 11.0 
Mn itis 7.0 
Ni itis 6.1 


They further indicated that the solubility limit of 
silicon in ferrite may be 9 atomic per cent which 
equals 4.72 per cent by weight. Although 26 atomic 
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Fig. 1—-Effect of silicon on strength of annealed carbon- 
free iron. 


per cent of silicon will form a single phase ferrite, de- 
termination of lattice constants indicate that silicon 
up to 9 atomic per cent decreases the lattice con- 
stant at a low rate while silicon above this concen- 
tration decreases the lattice at a higher rate. Differ- 
ent properties may be expected in the two ranges. 
The tensile strength of ferrite with no silicon is taken 
as 34,000 psi and the yield, 14,000 psi, from Yensen’s 
data. The predicted strengths as computed by Gen- 
samer’s equation are as follows: 


CoMPUTED STRENGTH OF FERRITE (GENSAMER’S 








METHOD) 

Weight Atomic Increase in Computed Computed 
% Si % Si Strength, psiStrength, psi Yield, psi 
0 0 0 34,000 14,000 
0.5 0.99 11,000 45,006 25,000 
1 1.98 17,780 51,780 31,780 
1.5 2.95 23,600 57,600 37,600 
2 3.91 29,000 63,000 43,000 
3 5.80 38,200 72,200 52,200 
4 7.67 47,000 81,000 61,000 
4.72 9.00 52,376 86,376 66,376 





These values are also plotted in Fig. 1 and show 
reasonable agreement with the actual values obtained 
by Yensen. The presence of 0.5 per cent Mn in solid 
solution in ferrite would increase the strength an- 


other 3500 psi, 
The tensile strength of ferritic nodular iron wheth- 
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er annealed by a separate heat treatment or self- 
annealed by a combination of very slow cooling in 
the mold, low manganese, and high silicon should be 
the strength of the ferrite matrix, weakened to some 
extent by the presence of graphite. Grain size would 
also have some effect. 

Figure 2 presents Yensen’s data on elongation. As 
mentioned before, the anomalous behavior at 2.65 
per cent Si has not always been experienced with 
commercial materials. 
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Fig. 2—Effect of silicon on elongation of annealed carbon- 
free irons (Yensen). Results not found generally in com- 
mercial materials. 


It may, however, safely be said that the yield and 
tensile strengths of ferrite increase appreciably as 
silicon is raised from zero to 4.5 per cent but that the 
ductility drops in this range. Both properties drop 
sharply when approximately 4.5 per cent Si is ex- 
ceeded. 

Annealed Nodular lrons—Commercial Results 


It is to be expected that the strength and ductility 
properties of nodular irons will not be so uniform as 
those of pure iron-silicon alloys which are carbon- 
free. This is true because the cast irons may contain 
carbon varying from below 3 per cent to over 4 per 
cent and may contain traces of Ti, Cr, Mo, and car- 
bides and also appreciable amounts of Mn, Ni, or Cu. 

Data were obtained from various sources in this 
study. Over 200 heats were studied at one foundry 
where iron was melted in an acid cupola, nodulizing 
was carried out at 2650 to 2750 F, inoculation was 
done during reladling. One keel block was tested in 
the as-cast condition and the other was given a full 
anneal with the following cycle: 

Heated at 1700 to 1750 F for 1.5 hr 
Furnace cooled to 1500 F 

Cooled 100 F per hr to 1300 F 

Held at 1300 F for 1.5 hr 

Air cooled to room temperature. 
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Fig. 3—Effect of silicon on tensile and yield strength of 
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These data along with a large number of results from 
other commercial heats and some values from the 
literature were used in studying the effect of silicon 
on mechanical properties. 

Figure 3 presents the yield strength and tensile 
strength data obtained. The curves for carbon-free 
alloys reported by Yensen and as computed from Gen- 
samer are superimposed. The average strengths of 
malleable iron are also placed in the chart between 
the silicon limits of 1.0 and 1.5 per cent Si. 

The nodular iron values show some scatter since, 
as pointed out previously, they do contain contamina- 
tions of other elements and might show traces of 
carbides. The freedom from carbides was about as 
complete as that of commercial malleable irons in 
most cases. 

Nevertheless, the data show satisfactorily that the 
tensile strength of annealed nodular irons in a range 
of about 2 per cent to 4 per cent silicon parallels and 
slightly exceeds the strength of carbon-free ferrite 
as found by Yensen, despite the fact that the irons 
cou..ain considerable graphite. The strength of mal- 
leable irons falls within the same band as nodular 
iron, and at zero silicon the strength of ingot iron 
and electrolytic irons in the annealed state likewise 
conform. 

The yield strength values of ferritic nodular irons 
also lie in a band which has a slightly steeper slope 
than Yensen’s line for carbon-free irons. The devia- 
tion from Gensamer's prediction is still greater at 
high silicon levels. The values for malleable irons 
and for electrolytic iron and ingot iron also fall in 
the band. 

From these values, since the presence of nodular 
graphite exerts so small an influence on tensile and 
yield strengths of commercial irons, it may be in- 
ferred that variations in total carbon content of 
fully annealed, totally nodular irons should have 
small effect. Of course, segregation of nodular graph- 
ite is excluded from this statement. 

In Figure 4 the eflect of silicon on the elongation 
is shown. The scatter of points is noted and can be 
explained by the fact that while small quantities of 
non-nodular graphite have a minor effect on strength, 
they do exert a marked influence by their notch effect 
on the ductility. Also, as is well understood by all 
malleable foundrymen, small deviations from the 
ideal heat treatment on the short side will be felt 
first in the elongation. The figure does show that 
good nodular irons, properly annealed, can still have 
elongations in the range of 10 to 16 per cent even if 
4 per cent Si is present. Yensen’s data are super- 
imposed. 

Figure 5 is a plot of Brinell hardness against sili- 
con content. This graph illustrates the hardening 
effect of silicon on ferrite. Bain’st curve showing the 
effect of silicon on ferrite is superimposed. 


Heat Treatment of Nodular Irons 
It is well known, especially to foundrymen in the 
malleable industry, that a fully ferritic matrix is most 
efficiently secured if the second stage anneal involves 
a slow cooling rate through the critical range (the 
three-phase region). 
Silicon has considerable effect on the iron-carbon 
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Fig. 7—Effect of silicon on critical range (3-phase region). 


phase relationship and therefore on the temperatures 
for heat treatment. 

Figure 6 shows the influence of silicon on the aus- 
tenite or gamma region. As silicon increases the eu- 
tectoid composition decreases from 0.8 per cent C 
and the eutectoid temperature rises above 1333 F. 
The curves were plotted from correlated data of 
Greiner, Marsh, and Stoughton.® 

Figure 7 presents the influence of silicon on the 
critical region. In carbon-containing alloys the critical 
temperature at zero silicon is 1333 F and as the silicon 
is increased, a three-phase region is formed which at 
3 per cent Si lies between about 1500 F and 1470 F. 
The data of White and Elsea® have been included to 
cover the range up to over 6 per cent Si. 

If a nodular iron in the condition as-cast contains 
no massive carbides, heat treatment above the critical 
is not necessary. A treatment between 800 .F and 
1100 F will provide adequate stress relief without 
materially decreasing the hardness. At 1200 F or 
higher the result will be stress relief plus spheroidiza- 
tion of pearlitic carbides and second-stage carbide de- 
composition. For example, a 14-in. x 14-in. section 
of nodular iron was 300 Brinell in the as-cast condi- 
tion. Reheating at 1250 F for 2.5 hr reduced this to 
210 Brinell. The same time at 1200 F would produce 
a hardness of about 240 to 250. 

With such heat treatments nodular irons behave 
like pearlitic malleable irons except that nodular 
irons, containing higher silicon and closer inter-nod- 
ule distances, will anneal faster. 

With nodular irons, as may be seen in Fig. 7, higher 
subcritical heat treatment temperatures may be used 
with resulting shotter annealing times. Likewise if 
fully ferritic structures are desired in nodular irons 
containing massive carbides and first and second-stage 
annealing are used, the range in temperature where 
slow cooling is to be employed is appreciably higher 
than in the case of malleable iron because of the 
higher silicon. 


Inoculation 
Many foundrymen have felt that when using a 
nodulizing alloy containing higher silicon, late inocu- 
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lation with ferrosilicon becomes less necessary than 
when using a nodulizing alloy with low silicon. This 
is not always true; although good nodular iron can 
and is being made without late silicon, inoculation is 
frequently required in both cases if the best mech- 
anical properties are to be produced. 

As an example, a ladle of basic-cupola iron was 
treated at 2850 F with a nodulizing alloy of low sili- 
con content; 0.5 per cent of late silicon was added 
for inoculation. Fractures of test wedges showed chill 
only at the tip and a fine, silky surface on the re- 
mainder. A second ladle was treated with a noduliz- 
ing alloy of equal magnesium content but with a 
much higher silicon content; no inoculant was used. 
The total silicon in each case was approximately the 
same. Yet the test wedge of the second heat showed 
a coarse dendritic fracture and more chill. The frac- 
ture was fine with the second alloy only after about 
0.5 per cent late silicon was used. 

The effect of inoculation can be further illustrated 
by the following example: The base iron made in an 
acid cupola contained 3.56 per cent C, 1.26 per cent 
Si, 0.47 per cent Mn. After nodulizing, the silicon 
was 2.47 per cent. Two keel blocks were poured of 
this iron and successive pairs of blocks were poured 
after inoculating with 0.2, 0.4, and 0.6 per cent Si 
respectively as 90 per cent ferrosilicon. 

Typical as-cast properties and annealed properties 
are given in the following table: 








Late YS. T.S.,  Elong, R.A., Brinell Heat 
Si,% psi psi % % Hardness Treatment 
0 68900 96800 25 24 2H 
0.2 71400 92800 3.5 1.6 217 As 
0.4 63900 93800 3.5 2.8 223 Cast 
0.6 64900 95800 5.5 4.7 207 
0 51420 75380 16.5 15.9 163 


0.2 51920 71900 21.5 26.5 163 Annealed 
0.4 54420 72400 23.5 24.4 163 


0.6 56900 73400 22.5 23.7 170 





The inoculation has effectively lowered the as-cast 
hardness and increased the ductility. More surprising 
is the fact that in the fully annealed condition, the 
uninoculated iron proved inferior in ductility to the 
inoculated ones. This behavior was confirmed by 
many similar tests. 

Examination of the table would indicate that for a 
cooling rate equivalent to that of a keel block, inocu- 
lation with increments of silicon over 0.2 per cent Si 
did not result is so great an improvement as did the 
first 0.2 per cent. If the iron contains Cr or Mo or 
other material in appreciable quantity, more inocula- 
tion may be desirable than where these are absent. 

It has been found that as the section drops, more 
inoculant is required. A limited amount of data 
would suggest an inoculating schedule as shown in 
Fig. 8. 

Carbon Loss 


In nodulizing, particularly with high silicon nodu- 
lizing alloys and heavy inoculation, frequently a loss 
in total carbon is observed. Often this can be ex- 
plained on the basis of carbon equivalent. For ex- 
ample, 4 base iron contained 3.56 per cent carbon and 
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1.26 per cent silicon. The nodulizing alloy and the 
inoculant together increased the silicon 1.62 per cent 
to a total of 2.78 per cent silicon. The carbon equi- 
2.78 
valent of this molten iron is 3.56 + ——— = 4.49 
3 
per cent. 

Upon solidification the analysis showed 3.22 per 
cent carbon and 2.72 per cent silicon or a carbon 
equivalent of 4.15 per cent. It is possible that the 
loss in carbon was due to the supersaturation of the 
melt so that the carbon either burned out or kished 
out. The kishing mechanism is observed particularly 
in heavy sections when the carbon equivalent of the 
melt is well above 4.5 per cent; in this case nodules 
migrate to the cope of the casting. 

We have observed that reproducible good nodular 
iron is made when the carbon equivalent of the 
treated molten iron is 4.5 per cent or under, This is 
computed by adding the carbon of the base iron to 
one-third of the silicon of the base iron, of the nodu- 
lizing alloy, and of the inoculant. Although good 
nodular iron has been reported with higher carbon, 
it is felt that too high a liquid carbon equivalent 
may contribute to segregation of nodules to the cope 
and to increase the danger of pinhole porosity. 


As-Cast Nodular lrons—Properties 

Figure 9 presents the tensile-elongation values and 
Fig. 10 the yield strength-elongation values of a large 
number of as-cast keel block specimens. It can be 
seen that they fall in a rather wide band. 

A nodular iron casting in the as-cast condition may 
show inferior properties due to any one or a com- 
bination of the following conditions: 

1. Internal residual stress 

2. Massive carbides 

3. Flake graphite 

4. Defects such as shrinkage cavities, slag inclu- 
sions, porosity, etc. 

Internal stresses are due to differences in cooling 
rates and probably exist in all small castings. Massive 
carbides can be found where the composition of the 
iron or the quantity of ferrosilicon inoculant was not 
properly balanced against the cooling rate of the cast- 
ing. Castings which have very light sections, and 
which were insufficiently inoculated, and those con- 
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Fig. 9—Tensile strength-elongation relationship of nodular irons, keel block sections. 


taining residual alloys such as chromium are liable 
to have considerable carbide. Flake graphite and 
pseudo nodules are due to an improper nodulizing 
operation and shrinkage defects have the same causes 
as in other castings. 

In Fig. 9 three irons are shown. After annealing, 
one iron developed good properties and the other 
two lost considerable strength without appreciable 
gain in ductility. It is obvious that the first iron 
originally had low properties due to defects 1 and 
2 mentioned above. This iron in the as-cast condi- 
tion was potentially a good nodular iron. The other 
two irons upon examination showed excessive flake 
graphite although shrinks, slag, or porosity could 
have brought about identical behavior. 
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These three irons were selected for discussion since, 
as will be shown later, the good iron in the as-cast 
condition might not have passed specifications where- 
as one of the poor irons could have passed. 

The behavior of as-cast nodular irons free from 
massive carbides upon annealing seems to follow the 
same route as similarly treated pearlitic malleable 
irons. Schneidewind and Reese? showed the gradual 
increase in elongation and decrease in strength of 
such irons as annealing progressed. The limiting 
properties were those of the fully annealed conditions. 
This is illustrated in Figs. 9 and 10 by values ob- 
tained by Rehder® who cast the nodular iron in the 
white condition and .annealed according to a mal- 
leable schedule. Also included are values obtained 
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Fig. 10—Yield strength-elongation relationship of nodular irons, keel block sections. 
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Fig. 11—Strength-elongation reiationships of malleable 
and nodular irons and cast steel. 


by Levi® who used self-anneal by covering the keel 
block molds with sand and permitted slow cooling 
before shaking the castings. These results along with 
the results of annealing shown in Fig. 3 and 4 plot in 
a band. 

Also shown in Fig. 9 are a few points obtained by 
Rehder'® and by the authors on quenched and tem- 
pered nodular irons. As in the case of quenched and 
tempered pearlitic malleable irons, the strengths start 
at higher levels and upon more complete tempering, 
end in the zone of fully annealed irons. 


As-Cast Nodular lrons—Specifications 


Specifications indicate the minimum properties of 
the material which the user may expect to purchase 
in the open market and hence may be a valuable 
means of comparing one material with another. Al- 
though Reese and Gagnebin'! have proposed speci- 
fications for nodular irons in the last several years, a 
new specification has been brought up for official 
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tentative adoption in the ASTM. This reads: 








Tensile Yield Elongation, 
Strength, Strength, % 
psi psi 
80,000 60,000 3 
60,000 45,000 10 





In Fig. 11 are plotted the tensile strength and 
elongation values of the nodular specification along 
with those of malleable cast irons, pearlitic malle- 
able irons, and some of the more common carbon cast 
steels. This figure also presents the same type of 
comparison using yield strength and elongation. 

In Fig. 12 are summarized the properties of nodular 
irons cast in keel block sections in the conditions as- 
cast, partially annealed, annealed, and quenched and 
tempered. Also the various specifications’? for nodu- 
lar irons, malleable iron, pearlitic malleable irons, 
and carbon cast-steels are shown. It would seem that 
if sound nodular irons free from porosity and/or flake 
graphite are properly heat treated tensile strengths at 
least 20,000 to 30,000 psi higher than specification 
can be obtained at any elongation level between 3 
per cent and 10 per cent. 

The better as-cast, the partially annealed, and the 
fully annealed irons seem to lie in a band whose 
equation is of the form 


a 4 a 4 
E = Sentai and 


where 
E = % elongation 
Y = yield strength in 1000 psi 
T = tensile strength in 1000 psi 
a = a constant 
The constant, a, for good irons lies between 140 
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Fig. 12—Comparison of properties of nodular irons (keel block sections) with various specifications. 
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and 190 for tensile strength and between 100 and 120 
for the yield strength. Silicon tends to raise the con- 
stant. The tensile constant for quenched and tem- 
pered irons may be as high as 210. 

The proposed specification lies on lines E = 


105 4 80 . 
— }} and § —— respectively. 
» Y 
Conclusions 


1. The yield and tensile strengths and the Brinell 
hardness of nodular irons in the annealed condition 
are increased as the silicon content increases. 

2. The elongation drops gradually with increasing 
silicon but at 4 per cent silicon can still be over 10 
per cent. 

3. In the as-cast condition, the properties of the 
iron are greatly affected not only by cooling rate but 
also by the amount of silicon inoculant. 

4. Nodular irons can be made with silicon con- 
tents up to 4 per cent which will be acceptable with 
respect to the proposed ASTM specification. It is 
probable that for special applications nodular irons 
of over 4 per cent silicon will prove valuable. 
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Chairman: W. H. Wurre, Jackson Iron & Steel Works, Jack- 
son, Ohio. 

Co-Chairman: Cart HARMON, Hanna Furnace Corp., Buffalo. 

Recorder: C. C, SiceRFoos, Michigan State College, East Lan- 
sing. 

H. Morrocu:? Are there any results available giving ductility 
values on the basis of the notched impact method of testing? In 
our experience many engineers are interested in impact values 
in addition to the per cent elongation measurement reported 
in the paper. 

MR. SCHNEIDEWIND: Impact tests were not run on the metals 
tested; ductility was measured by per cent elongation. 

A. B. Everest:* At 2.5 per cent silicon there is a transition 
from the ductile to the brittle. Above 2.5 per cent silicon impact 
values may fall as much as 90 per cent. In Europe we specify 
silicon at 2.5 per cent maximum (according to conditions) to 
prevent low impact values. 

Mr. SCHNEIDEWIND: From a practical standpoint it is difficult 
to keep silicon as low as 2.5 per cent. 


for malleable irons 
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PNEUMATIC RECLAMATION 


By 





FOR FOUNDRY SANDS 


Clifford E. Wenninger* 


ABSTRACT 


The last two years has witnessed the laboratory, pilot-plant, 
and commercial development of a pneumatic method for re- 
claiming used foundry sands. The key unit in the method is 
an “air-scrubber” that functions in the dry reclamation system 
in a manner similar to the functioning of a “wet-scrubber” 
in a wet reclamation system. This paper presents information 
on the successive stages in development; the design and func- 
tion of an “air-scrubber”; the arrangement of component units 
in a typical installation; the characteristics and economics of 
a commercial installation which has been in operation for 
some time. 


During the course of an investigation at the Uni- 
versity of Kentucky it was demonstrated that suc- 
cessful sand reclamation requires that old clay and 
carbonaceous bonds be removed from individual 
grains, and that fragments and particles of such 
bonds then be removed from a sand mass as a whole. 
With additional investigation, it was concluded that 
wet reclamation methods seemed to be superior to 
existing dry reclamation methocs in meeting the fore- 
going requirements. However, it was noted that most 
of the dry methods studied involved the use of equip- 
ment units that, in reality, had not originally been 
designed for purposes of reclamation. In the final 
report for the investigation it was suggested that, pos- 
sibly, dry reclamation methods could be improved up- 
on if more consideration would be given to designing 
equipment to specifically meet reclamation require- 
ments. 

Subsequently, under the sponsorship of the Nation- 
al Engineering Co., a new project was established 
to investigate the possible development of improved 
“dry” reclamation methods and equipment. 


Laboratory Development 


Space will not permit the presentation of a de- 
tailed resume of all phases of the laboratory investi- 
gation. A great number of electrical and mechanical 
devices were investigated before consideration was 
given to the possible use of pneumatic force. 

From this preliminary study, it was established 


* Director, Foundry Research & Development, University of 
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that certain requirements must be met by any pneu- 
matic equipment. One was that such equipment must 
be capable of subjecting sand grains to repeated 
passes at a target, or through an area of impact and 
abrasion. Another was that, if possible, impact and 
abrasion should be secured with sand grains imping- 
ing against other sand grains, not sand grains against 
a metal surface. 

After considerable experimentation a laboratory 
unit was developed to meet the stated requirements. 
It operated first with compressed air, then with a 
blower and was so designed that a small batch of 
sand could be recirculated continuously with in- 
dividual grains being repeatedly subjected to impact 
and abrasion. Tests disclosed the unit to be capable 
of simultaneously removing old bond from individual 
sand grains and effecting a separation of such old 
bond from a sand mass as a whole. This combina- 
tion of functions in a single unit seemed to be highly 
desirable. 


Pilot-Plant Development 


The pilot-plant unit was then designed to resemble 
the laboratory units but on a much larger scale. It 
was supplied with auxiliary equipment such as a 
magnetic separator, small crusher, drying unit, and 
bucket elevators. The pilot-plant unit was designed 
for batch operation. 

A schematic drawing of this initial batch unit is 
illustrated in Fig. 1. Essentially, it consists of a con- 
taining shell, an air nozzle, a bottom-flared center 
pipe, a conical target, an expansion chamber, and 
an exhaust duct. The drawing shows the normal 
height of sand charged into the unit. Its peculiar 
shape is beter understood when one considers the 
manner in which it functions. 

In operation, the unit is charged with a 125-lb 
batch of used sand. Air from a positive-pressure type 
blower is introduced through the high-velocity nozzle. 

The elongated portion of the containing shell sur- 
rounding the center-pipe (which has been termed 
the “‘well’’) is so designed for a purpose. By concen- 
trating the weight of the charged sand on a small 
horizontal area, sufficient vertical “sand-pressure” is 
developed to overcome the static pressure of the air- 
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Fig. 1—Drawing of sand scrubbing cell. 


stream after it leaves the nozzle and before it enters 
the center-pipe. This “sand-pressure’”’ confines the 
air-stream to passing upward through the center-pipe, 
and prevents “blow-backs” along the exterior of the 
center-pipe and upward through the “well.” The 
“sand-pressure” also forces sand into the high-velocity 
air stream, and ensures a consistent loading of the 
stream at a mzximum rate. 

As sand is forced into the space between nozzle 
and center-pipe, it becomes entrained in the air 
stream, and is hurled upward through the pipe. It 
emerges at the top of the pipe with considerable vel- 
ocity and collides with sand trapped in the peak of 
the conical target. 

The conical target possesses the ability to hold an 
ever-changing, yet more-or-less constant, mass of sand 
within its peak. The mass is held in position by the 
upward force of the sand/air mixture emerging from 
the center-pipe. Sand grains continuously escape 
from around the circumference of the conical mass 
while new grains are being added to its center. The 
net result is that most of the metal target is continu- 
ously covered with a layer of sand; and sand grains 
impinge upon sand grains—not sand grains against 
metal. 

After emerging from the center-pipe and colliding 
with the sand mass trapped in the target peak, the 
sand /air mixture is deflected outward and downward 
by the skirts of the target cone. The sand separates 
from the air and returns by gravity to the main sand 
mass lying in the bottom of the containing shell. 
The air flows outward and upward around the edges 
of the target cone, and escapes from the shell via the 
exhaust duct. 
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The enlarged upper portion of the containing 
shell serves as an expansion chamber. By being per- 
mitted to suddenly expand after emerging from the 
center-pipe /target-cone area, the high-velocity air 
stream is converted to slow-moving air currents. 
Such currents are unable to retain sand grains in 
suspension. However, smal] particles of bond and 
silica that are of a size that can be air-floated do re- 
main in suspension, and are carried out of the con- 
taining shell with the escaping exhaust air. 

The sand returning to the main mass moves down- 
ward with the mass, and soon finds itself being forced 
to repeat the foregoing cycle. Obviously, the sand 
mass, and individual sand grains, can be recycled as 
many times as deemed necessary to obtain a desired 
degree of cleanliness in the reclaimed product. 

The pilot-plant batch unit was used to investigate 
the time required to reclaim a number of different 
types of used sands. The effect of continued impact 
and abrasion upon grain distributions and yields was 
determined, and various alterations in design were 
tested to improve efficiency and economy. The sands 
investigated were obtained from commercial found- 
ries and (in most cases), the reclaimed products were 
returned to the respective foundries for re-use on 
production castings. In this manner, practical infor- 
mation and data was obtained to further define the 
commercial possibilities of pneumatic reclamation. 

It was found that most of the used sands could be 
reclaimed for re-use as molding sands in from 15 to 
30 min per batch. However, for re-use as core sands, 
it sometimes required as high as 45 min per batch 
to reduce the A.F.S. residuals to a point compatible 
with rebonding with core oils. It seemed apparent 
that on a batch basis such extended times would 
greatly reduce output in tons per hour, and possibly 
render a pneumatic batch unit uneconomical. There- 
fore to further perfect the efficiency and economy of 
pneumatic reclamation it was decided to convert 
from a batch process to a continuous process. 


Continuous Development 


The construction of a continuous pneumatic re- 
clamation unit can best be understood by referring 
to Fig. 2, and the photographs in Figs. 4 and 5. The 
continuous unit consists of two parallel sequences 
with four batch units combined in each sequence; a 
total of eight units, or cells, using a common expan- 
sion chamber and exhaust system. Through a re- 
ceiving tank and a manifold system, a single blower 
supplies air to all cells. 

In each 4-cell sequence, continuous flow is achieved 
by connecting the cells together in step-like fashion. 
Openings permit sand to flow from feed hopper to 
cell, cell to cell, and cell to discharge. Sand flowing 
from feed hopper into No. | cell raises its level be- 
yond a set height, and it is forced to overflow into 
No. 2 cell. No. 2 cell, in turn, is forced to overflow 
into No. 3; No. 3 into No. 4; No. 4 into the dis- 
charge from the unit. Each cell functions exactly like 
an independent batch cell except that its charge of 
sand is continuously changing as outgoing grains are 
replaced by incoming grains. 

During operation, in each cell the sand deflected 
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by the conical target piles up along the exterior walls 
of the cell, and then flows inward and downward 
into the “well” surrounding the cell’s center-pipe. 
Flow in this manner creates a steeply sloping upper 
sand surface in the shape of an inverted cone, or vor- 
tex, in each cell. Because of this natural feature, 
baffles are not needed in the cells to prevent sand 
grains moving directly from inlet openings to outlet 
openings. As sand grains enter and fall into the 
vortex in a cell, they must be cycled one or more 
times in that cell before target deflection places them 
in position to escape through the opening to the 
next cell. While the conical target is deflecting sand 
from all points on its circumference, and the de- 
flected sand is piling up along all of the exterior 
walls of the cell, only the sand grains that fall im- 
mediately in front of the limited opening escape to 
the next cell during any one cycle. The sand grains 
that do not escape must, of necessity, continue to re- 
cycle until they are fortunate enough to fall in front 
of the opening. 

Theoretically, it is possible for a sand grain to be 
cycled only once in each cell (a total of 4 cycles) in 
its passage from feed hopper to discharge. Actually, 
and mathematically, this is almost impossible. A 
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Fig. 2—Drawing of sand reclamation unit. 
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grain may be cycled only | time in one cell; but then 
be cycled 30 times before it escapes from the next 
cell. An examination of the individual grains emerg- 
ing from a continuous unit indicates that they suffer 
about an equal number of cycles, and, therefore, all 
grains are cleansed to about the same degree. This 
uniformity in grain cleanliness is, of course, essential 
to uniformity in the product as a whole. 


Control of Quality 


In discussing the pilot-plant batch unit tests, it 
was noted that from 15 to 45 min were required to 
reclaim different sands to varying quality levels. With 
the entire charge in a cell being cycled two times per 
minute, this means that sand grains must be subjected 
to from 30 to 90 cycles to meet a particular degree 
of cleanliness. 

In a continuous unit, the number of cycles com- 
pleted by any one sand grain is dependent upon the 
time it remains in the successive cells. If incoming 
sand does not tend to push a grain rapidly from cell 
to cell, it tends to linger in each cell, and complete 
a greater number of cycles before moving onward. 
Because of this feature, quality control in a continu- 
ous unit is simply a matter of feed control. If sand 
is fed through the unit at a rapid rate, the number 
of cycles per grain diminishes. If fed at a slower 
rate, the number of cycles increases. 

Quality can also be controlled by using a constant 
rate of feed; and changing the number of cells com- 
bined in a continuous sequence. With a lesser num- 
ber of cells functioning in a sequence, individual 
grains will receive a lesser number of cycles prior to 
discharge. With a greater number of cells in se- 
quence, they will receive a greater number of cycles 
in traveling from feed hopper to discharge. Regard- 
less of method used, the average number of cycles per 
grain (and the quality of the product as a whole) 
can be controlled and adjusted. 


A Typical Installation 


The operating sequence for a typical commercial 
installation is diagrammed in Fig. 3. The sand to be 
reclaimed must be composed of free-flowing, individ- 
ual grains. Therefore, moisture content must be low 
(not in excess of 2.0 per cent), and lumps must be 
crushed or removed by screening. 

As indicated by the diagram, some foundries may 
find it necessary to install a dryer to lower the mois- 
ture content of their shake-out sand prior to reclama- 
tion. Other foundries with a long sequence of belts 
and elevators between the shake-out and the reclama- 
tion unit may find that agitation and aeration in 
transmission reduces their sand to a suitable moisture 
level without benefit of drying. Still others may 
convey their shake-out sand to a large storage pile— 
and then feed loose, air-dried sand from the face of 
such a pile into the reclamation system. 

A magnetic separator should be installed to keep 
tramp metal out of a crusher, and the sand should 
be screened after crushing to remove and return over- 
size lumps for additional crushing. If only a small 
part of the sand in a system is to be reclaimed, a 
simple screening operation may provide sufficient 
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Fig. 3—Sand reclamation flow chart. 


sand for reclamation and obliviate the need for the 
separator and crusher units. 

A “surge” bin should be placed immediately ahead 
of the “air-scrubber” to provide storage space for 
the sand that has been prepared for reclamation, and 
to even out the flow from the shake-out. A variable 
speed belt, or a vibrating feeder plate, can be used 
to transfer sand from the surge bin to the small inlet 
hopper of the “air-scrubber.” 

The products removed from the sand during 
“scrubbing” are disposed of through dust collectors 
and an exhaust blower. A cyclone type of collector 
should be used to trap the heavier fines, followed by 
either wet or dry dust collectors for the lighter fines. 

If it is desired to classify the reclaimed sand to 
obtain a particular grain distribution, a ladder-type 
air-classifier can be fitted to the discharge chute. The 
classifier, of course, can be operated with, and ex- 
hausted through, the dust collectors and exhaust 
blower. 

After being reclaimed, the sand can be returned 
directly for re-use or placed in some storage bin, or 
silo. The reclaimed product requires neither drying 
nor cooling, and can be re-used immediately. 


Cleaning Characteristics of Different Sands 


Reclamation by dry impact and abrasion progresses 
through two stages. In the first, the coatings (or 
shells) of old bond are broken away from individual 
grains in a manner somewhat analogous to breaking 
shells from peanuts. In the second stage, the frag- 
ments of the coatings (or shells) are reduced to 
particle sizes which can be suspended in air, and re- 
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moved in the exhaust from the reclamation unit. 

The physical shape of individual sand grains great- 
ly influences the ease with which they may be sep- 
arated from their shells of old bond. Round grains 
and angular grains with their exposed surfaces tend 
to be freed of their coatings in a comparatively short 
time. Subangular grains with re-entrant pits and 
angles tend to shelter the bond adhering in such pits 
and angles. Consequently, it requires more time, and 
more impact/abrasion cycles, to clean subangular 
sands than round or angular sands. 


Yields with Different Sands 


The yield from any particular base sand subjected 
to pneumatic reclamation reflects (a) the amount of 
old bond present and removed, (b) the amount of 
silica fines present and removed, (c) the amount of 
sand grains fractured and reduced to silica fines and 
removed. Pneumatic reclamation is most efficient and 
economical in reclaiming round grain base sands of 
the Ottawa type. It is least efficient and economical 
when applied to some of the Lake type sands with a 
very high percentage of subangular grains in their 
make-up. 

Experience to date indicates the following ranges 
in yield can be anticipated in pneumatically reclaim- 
ing different types of sands. 

Predominantly round grains — 85 to 90 per cent 

Predominantly sub-angular — 80 to 85 per cent 

Predominantly angular — $0 per cent, or less 

However, unforseen benefits sometimes result in 
the reclamation of poor quality sands. On a pilot- 
plant test run, one foundry reported their reclaimed 
sand to be more refractory than their new sand. 
Eventually, investigation disclosed that the impact 
and abrasion had removed considerable composite 
and angular grains from the used sand; and produced 
a reclaimed sand with a better grain distribution and 
better flowability for their type of work. 





Fig. 4—Side view of commercial installation. 





Rebonding and Re-use 


Pneumatic reclamation does have its limitations. 
With some of the lower quality base sands, efficiency 
and economy will not permit residual clay to be re- 
moved much below 0.75 to 1.00 per cent. At first 
glance, such figures seem to bar pneumatically re- 
claimed sands from being re-used in core mixes. How- 
ever, in order to get core mixtures that will with- 
stand spalling and erosion, many steel foundries now 
add from 1 per cent to 3 per cent bentonite to their 
strong core mixes. Further, since from 15 to 20 per 
cent new sand must be added daily to replace the 
loss in reclamation, it is obvious that such new sand 
should be used in oil sand cores; with the clay-con- 
taining reclaimed sand going into stronger core mixes 
bonded with resins, pitches, etc. 


A Commercial Installation 


As indicated herebefore, the final stages in develop- 
ment required that a full-size installation be operated 
under the conditions and requirements prevailing 
within a commercial foundry. For this purpose, a 
unit was installed in a mid-western steel foundry, 
and placed in operation in October, 1951. Since the 
method was considered as still being subject to de- 
velopment, only the minimum essential equipment 
was installed. As can be observed in Fig. 4 and 5, 
this consisted of a vibrating conveyor, an operating 
blower, and air-receiver tank, an air-scrubber unit, a 
cyclone-type fines collector, a refuse tank for the col- 
lector, an exhaust blower, and the piping and wiring 
necessary for operation. It was understood that aux- 
iliary equipment for better sand handling and dust 
collection would be added by the foundry after the 
unit had proven itself in practice. 

One of the major reasons for placing the initial 
installation in this particular foundry was the ease 
with which the reclamation unit could be attached 
to the existing sand system. The old used sand from 
the shake-out passes over belts and a magnetic pulley 
to an elevator. At the top of the elevator, the sand 
is dumped into a large rotary screen having 14-in. 
openings. Sand passing through the openings falls 
into a large bin over a backing-sand mill. Lumps and 
core butts retained by the screen are discharged 
through a chute to a waste sand bin located exterior 
to the sand-house. 

Prior to the installation of the reclamation unit, 
it was necessary to remove 30 to 50 tons of used 
sand from the system each day. Another chute in the 
side of the large bin permitted some of the screened 
sand to be withdrawn daily to maintain the system 
at a more-or-less constant tonnage level. The waste 
sand, plus lumps and core butts, was hauled to a 
dump located some distance from the plant. 

Sand for reclamation was secured by cutting an- 
other opening in the large bin, and fitting it with an 
adjustable slide gate. Sand flows through the gate 
and onto a plate screen attached to the top of the 
vibrating conveyor. The screen has %,-in. diameter 
holes. Rejected material is discharged from the tail 
of the screen into a small waste pile. The conveyor 
extends through the side of the building; and all 
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Fig. 5—Close view of air-scrubber. Note portion of oper- 
ating blower at rear of air-receiving tank. 


sand passing through the screen is carried to the 
reclamation unit located immediately adjacent to the 
end-wall of the sand-house. 

Under present conditions, the waste sand formerly 
drained from the bin (and the system) is being fed 
into the reclamation unit. The former problem of 
sand disposal has now become one of sand retention. 
Some sand still escapes from the system in the form 
of the lumps and core-butts rejected by the large 
rotary screen. However, the foundry is planning to 
install a crusher to salvage as much of this sand as 
possible. 

In accordance with foundry operation, the shake- 

out sand varies from warm to very hot; and may con- 
tain up to as much as 3.5 per cent moisture. The 
agitation and aeration encountered in passing from 
shake-out to bin reduces the moisture to below 1.7 
per cent. Because of this feature, it has not been 
necessary to add a sand dryer to the system. 
‘ The foundry used a washed silica sand for both 
molding and core mixtures, and a crude sand is used 
for heavy cores and runner cups. This results in 
the shake-out sand being a variable blend of the 
two base sands entering the system. Normally, the 
shake-out sand consists of about 95 per cent silica 
sand and about 5 per cent crude sand. Its constitu- 
tion also changes with the mixing of core and mold- 
ing sands at the shake-out. Clay residuals may vary 
from 4.5 to 7.0 per cent, while combustible materials 
may vary from 0.50 to 0.75 per cent. 

In preliminary discussions, the foundry specified 














C. E. WENNINGER 


the unit should be capable of reclaiming one ton of 
sand per hour; with residuals being reduced to about 
1.0 per cent clay and about 0.25 per cent combustible 
material. It was found the unit could meet these 
specifications; and the reclaimed sand could be used 
interchangeably with new sand to produce satisfac- 
tory castings. 

Almost immediately, speculation arose as to the 
maximum in residual content that would be permis- 
sible if reclamation was increased to a rate greater 
than one ton per hour. On successive days, the feed 
to the unit was increased by increments of one ton 
per hour until a reclamation rate of four tons per 
hour was achieved. With the increases in feed rate, 
the residual clay contents increased from about 1.0 
per cent at one ton per hour to about 2.75 per cent 
at four tons per hour. Similarly, the combustible 
material increased from about 0.20 per cent to about 
0.45 per cent. 

Though the increases in residual contents neces- 
sitated some changes in rebonding, it was found that 
all of the differently reclaimed sands produced cast- 
ings as satisfactory as those secured from new sand 
facing mixes. Seemingly, as good casting results could 
be obtained by reclaiming to a high but consistent 
residual level as could be obtained by striving for an 
extremely low residual level. In the light of this de- 
velopment, the reclamation rate was standardized at 
three tons per hour. 

The base sands entering the system are of the 
round-grain Ottawa type. Therefore, the yield ob- 
tained in reclamation approximates 90 per cent of 
the sand processed. It is estimated that about eight 
tons of refuse are removed from the system daily, 
and this loss is replaced by additions of new sand 
through the core-room. 


TABLE 1—GRAIN DISTRIBUTIONS AND RESIDUAL 
CONTENTS 





Washed Crude Mixed Recl. Recl. Recl. Refuse* 
New New Old 1-Ton 2-Ton 3-Ton Fines 
Mold Core Used From 





Sand Sand Sand Rate Rate Rate Cyclone 

6 — —_ — — _ —_ a 
12 — om 0.10 = 0.04 — _— 
20 = _ 0.54 041 0.12 0.30 ones 
30 0.07 6.40 0.72 0.60 0.68 0.40 — 
40 13.87 39.80 12.12 8.72 9.32 12.65 0.08 
50 44.56 25.10 42.30 43.25 44.12 43.24 0.14 
70 26.94 11.60 27.44 32.34 30.19 29.12 0.95 
100 10.30 7.50 8.10 11.20 11.38 10.02 15.40 
140 2.96 5.00 1.34 1.76 1.80 1.44 21.52 
200 1.02 0.25 0.42 0.32 0.30 0.20 21.91 
270 0.10 0.70 0.30 0.18 0.08 0.06 14.85 


PAN 0.03 0.40 0.48 0.10 0.07 0.06 9.71 
CLAY 0.10 3.10 5.88 1.09 1.70 2.40 15.11 
TOTAL 99.95 99.85 99.74 99.97 99.80 99.89 99.67 
COMB. 0.08 0.09 0.69 0.18 0.27 0.37 0.21 

* This analysis for fines is not representative of the total 
material removed from the sand since much of the finer mater- 
ial is not trapped in the cyclone but, instead, escapes in the 
exhaust from the cyclone. 





In Table 1, the grain distributions, clay and com- 
bustible contents, have been tabulated for the new 
base sands, the shake-out sand, the variously reclaimed 
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sands, and the fines from the cyclone refuse tank. It 
should be noted that the residuals in the sands re- 
claimed at one, two, and three tons per hour adhere 
to an obvious mathematical progression. This means, 
of course, that if residual content would be plotted 
against tons per hour on a graph, an almost perfect 
straight line relationship would be made apparent. 
This seems to confirm the ease with which the quality 
of pneumatically reclaimed sands can be controlled 
by simply varying the feed to the reclamation unit. 
As indicated in previous discussion, the fluctuations 
in grain analyses are primarily due to the variations 
in the intermixing of the two base sands at the shake- 
out, and throughout the system. 


TasBLe 2—Cost ANALYSIS OF RECLAMATION AT 3 Tons 








Per Hour 
Per Hour Per Ton 
Item Operation of Sand 
1, POWER x a 
Operating blower, 40 kw 
Exhaust Blower 6 kw 
Vibr. Conveyor, 1 kw 
47 kw @ 0.012 per hr 0.564 0.188 
2. LABOR 


*Operator, Full Time 1.440 0.480 
Truck and Driver to Remove Fines Refuse 0.120 0.040 
3. MAINTENANCE 


Reserve for Labor and Parts 0.060 0.020 
4. GENERAL OVERHEAD 
$50.00 per wk.—120 hour week 0.417 0.139 
5. DEPRECIATION 
On a 10-year basis 0.390 0.130 
Torats $ 2.991 $0997 


* With the installation of a pneumatic elevator, operation 
will become almost automatic—and a full-time operator will 
no longer be required. This will reduce cost per hour to 
below $2.00; and cost per ton to below $0.67. 





Table 2 presents the foundry’s cost analysis of its 
reclamation operations. At present, it includes a 
full-time operator to load and transfer tote boxes full 
of reclaimed sand. 

Table 3 presents the foundry’s cost analysis for 
buying, handling, and disposing of each ton of new 
sand used in production. It shows that it has cost 
the foundry $7.50 per ton for each ton of new sand 
consumed. 


TABLE 3—Cosr ANALYSIS FOR SECURING AND 
HANDLING SAND 














Item Cost 
Price per ton, f.0.b mine, : — i): a 
Freight, mine to plant, 2.86 
Unloading and Moving into plant 1.04 
Loading and moving ‘to dump 1.05 
Total cost per ton $ 7.50 
Summary 


A discussion has been presented tracing the labora- 
tory, pilot-plant, and commercial development of a 
pneumatic method for reclaiming used foundry sands. 
Information has been included with respect to the 








336 





operational characteristics and economics of the ini- 
tial commercial installation in a mid-western steel 
foundry. It is hoped that this development will be of 
real value to foundries that have been unable to in- 


stall reclamation systems because of potential prob- 


lems involving water supply or sludge disposal. 


PNEUMATIC RECLAMATION FOR FOUNDRY SANDs 


Acknowledgments 

The writer wishes to thank Mr. Walter Horth, of 
the National Engineering Company, and Mr. S. W. 
Duncan, of the Duncan Foundry Co., Alton, Illinois, 
for permission to present the information and data 
contained herein. Thanks also should be given to 
Prof. C, S. Crouse, Head, Department of Mining and 
Metallurgical Engineering, University of Kentucky. 




















STEEL DESULPHURIZATION WITH INJECTED CARBIDE 


S. F. Carter* 


ABSTRACT 


A method is described that has reduced sulphur in small acid 
electric heats from 0.085 to 0.045 per cent, 0.075 per cent to 
0.038 per cent, 0.030 to 0.019 per cent, etc. Sulphur removal in 
basic heats has been accelerated by the same treatment. The 
method involves the injection of fine carbide into the furnace 
bath with inert gas. Results are illustrated by six acid heats 
and one basic heat with one cost analysis. Experimentation was 
on production heats. 


No completely practical method of lowering the 
sulphur content in acid-lined steel furnaces has been 
reported. Sulphur reduction has traditionally re- 
quired a basic-lined furnace to maintain a slag of 
sufficient basicity to absorb and retain sulphur from 
the metal. An optimum ratio of sulphur in the slag 
to sulphur in the metal requires a highly basic slag 
very low in iron oxide, which can be accomplished 
best in a basic electric furnace after a prolonged re- 
ducing treatment. The increased heat time due to 
the slag conditioning plus the higher cost of basic 
refractories make the removal of sulphur an added 
expense in steelmaking. 

It is not to be expected that acid steel can ever be 
desulphurized as efficiently as basic steel. However, 
where acid practice would be preferable from other 
angles, as in average steel foundry work, and where 
very low sulphur contents are only occasionally re- 
quired or when scrap quality only occasionally re- 
quires desulphurization, a practical desulphurizing 
treatment for acid steel should meet a definite need. 

Cast iron at higher sulphur levels and at lower 
temperature has been desulphurized in the ladle with 
several materials. Steel has been more difficult to 
desulphurize. Only a few ladle treatments have been 
successful and then with the recognized disadvant- 
ages of ladle treatments. In 1945 the author's plant 
ran several acid heats on which a second slag of 
predominantly sodium silicate removed a significant 
quantity of sulphur in the furnace without severe 
attack on the acid refractories, but the inclination 
for the sulphur to revert from slag to metal could 
Note: This paper was presented at the Electric Furnace Steel 
Conference, AIME, at Pittsburgh, Dec., 1951. 

*Assistant Melting Superintendent, American Cast Iron Pipe 
Co., Birmingham, Ala. 
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not be consistently prevented by any practical means. 

The treatment developed and reported here has 
desulphurized typical acid electric heats from 0.085 
to 0.045 per cent, 0.075 to 0.038 per cent, and from 
0.030 to 0.019 per cent sulphur. Desulphurization is 
accomplished with fine calcium carbide blown under 
the surface of the metal bath in the furnace with the 
pressure of inert gas. The steel must be in the proper 
deoxidized condition and slags high in silica and iron 
oxide must be removed. 

The treatment adds some material costs and some 
additional operations to acid melting practice, but is 
not noticeably destructive to refractories and appar- 
ently not detrimental to final steel quality. The ad- 
ditional cost appears to be equal to or less than the 
cost of basic electric double-slag practices accomplish- 
ing comparable desulphurization, especially when 
needed only intermittently. 

The treatment was developed in preparation for 
very low sulphur steels in times when low sulphur- 
scrap might not be available. The increasing em- 
phasis on sub-zero impact properties for armor plate 
and military equipment suggests a future need for 
more steels considerably lower in sulphur than gen- 
erally considered acceptable. Without some desulph- 


Fig. 1—Apparatus used to inject carbide into furnace 
bath. 
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urizing method acid steel producers will be at a dis- 
advantage in meeting such specifications. The raw 
material situation and_ specification requirements 
have not yet forced us to use this treatment as a regu- 
lar production method. The process has been used 
on a relatively few heats on an experimental basis. 
But it was felt that the results should be reported 
for the benefit of plants facing raw material and qual- 
ity problems in their defense efforts. 

The ability ‘of calcium carbide to remove sulphur 
has been academically established for some time, and 
it has been used with some success in basic furnaces. 
Some years ago we found that in acid furnaces lump 
carbide on a bare bath had definite desulphurizing 
tendencies and did not attack the acid lining, but 
the reactivity was insufficient for any practical value 
when applied to the surface of the bath without 
agitation. 

A device for ladle desulphurization of cast iron 
with fine carbide was introduced by a carbide manu- 
facturer. Carbide from a pressure-tight hopper was 
forced by nitrogen gas through a rubber hose and then 
through a graphite tube immersed into the cast iron 
in the ladle. This process was found successful on 


TasBLE 1—Heat Locs or Two Acip HEATs 
DESULPHURIZED AFTER DEOXIDATION 





Heat No. 1 (37,425). Argon gas. Carbide injected after deoxida- 
tion. [4500-Ib heat of 0.40 % carbon steel] 


pe ar Temp., 8,% €,.% 
F 








Treatment 





Regular melt and oxidation with 
80 Ib ore 

Slag drained. Block 0.60 % Mn 
and 0.30 % Si 

Injection 47 lb carbide with 21 cu 
ft argon 

Carbide raked off 

New slag added (limestone, sand, 
manganese ore, iron ore) 


Addition 0.45 % Mn; tap add 
0.12% Al 3180 0.028 0.38 


[20.9 lb CaC, and 9.3 cu ft gas per ton to remove 0.009% S = 
23.2 lb per ton per 0.010% S$} 
[Time of heat 2 hr 20 min, consuming 1820 kwh (cold furnace)] 


3100 0.037 0.09 


2900 0.031 0.29 


Heat No. 2 (37421). Nitrogen gas. Carbide injected after 
deoxidation. 
[4500-Ib heat of 0.35% carbon steel] 





Temp., 8% ©% N.% 
F 


Treatment 





Regular melt and oxidation 
with oxygen 3050 0.036 0.11 0.0074 

Slag drained. Block 0.60% Mn and 
0.30% Si 

Injection 15 lb carbide with 7 cu 
ft nitrogen 

Injection 27 lb carbide with 
13 cu ft nitrogen 

Carbide raked off 

New slag added (limestone, sand, 
iron ore, manganese ore) 

Recarb.; temperature raised; add 
0.30% Mn; tap 3230 0.026 0.33 0.0139 

[18.7 Ib CaC, and 8.9 cu ft gas per ton to remove 0.010% S$ - 

18.7 !b per ton per 0.010% S$] 
[Time of heat 1 hr 50 min, consuming 1780 kwh (hot furnace) ] 


3120 0.036 0.09 
0.032 0.20 0.0085 


0.028 0.28 0.0136 


2950 0.027 0.28 0.127 
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cast iron from a desulphurization standpoint. No 
success was claimed for steel or cast iron of under 
0.60 per cent silicon content. 

It was apparent that steel would not permit the 
loss of temperature encountered from such a ladle 
treatment; that steel would be more difficult to de- 
sulphurize than cast iron because of its lower sulphur 
level and its chemistry; that the oxidizing conditions 
prevalent throughout most of a steel heat would be 
unfavorable to the desulphurizing reaction in the 
furnace; that the graphite tube could not be im- 
mersed in steel; and that the nitrogen gas might 
cause a detrimental increase in the nitrogen content 
of the steel. 

Furnace Practice Alterations 


However, it was felt that the increased agitation and 
area of contact obtained by inert gas blowing of fine 
material should provide the increased reactivity 
needed for carbide to desulphurize steel in the furn- 
ace if proper conditions could be obtained without 
seriously deviating from the established principles of 
good melting practice. 

Using the desulphurization pressure device, an at- 
tempt was made to adapt this principle to both basic 
and acid heats for steel castings. A refractory-pro- 
tected metal pipe was substituted for the graphite 
tube. The process was used in the furnace instead of 
the ladle, making certain alterations of furnace prac- 
tice necessary. 

Two practices were developed, one in which car- 
bide was injected early in the heat before the oxidiz- 
ing treatment, and the other toward the end of a 
heat during the deoxidizing treatment. In both 
cases slag must be removed before the carbide treat- 
ment, and in acid furnaces the carbide slag should 
be removed after it reaction in order to prevent re- 
version. On basic heats the carbide can be left on 
the bath and thinned with fluorspar to serve as the 
second slag. The carbide size used was 14 N.D. 

Argon gas was used first, realizing that its cost was 
high but that it would be inert to the steel. Less ex- 
pensive nitrogen gas was used with equal desulphur- 
izing success. Howevr, the nitrogen content of the 
steel was increased under certain conditions. Carbon 
dioxide gas was finally substituted, experiencing ap- 
parently equal success with a negligible gas cost and 
no danger of contamination. 


Acid Heats 

Heat logs for six acid heats are given in Tables 1 
and 2. On heats No. 1 and No, 2 in Table 1 the 
carbide treatment was applied during the deoxidiz- 
ing period of the heat. 

Heat No. 1 was given a normal oxidation treat- 
ment with ore, boiling the carbon down to 0.09 per 
cent. At 3100 F the slag was drained and a mangan- 
ese and silicon block added. Carbide was injected 
through a 14-in. protected pipe, 47 lb with 21 cu ft of 
argon gas for a 214-ton heat. The carbide was then 
raked off and a final slag added. This synthetic 
slag consisted of lime, sand, manganese ore, and iron 
ore so proportioned to give a finishing slag of usual 
composition and fluidity. This treatment caused a 
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TABLE 2—HeEatT Locs oF Four Acid HEATS DESULPHURIZED BEFORE OXIDATION 





Heat No. 3 (37776). Nitrogen gas. Carbide injected before 
oxidation. 
[4500-Ib heat of 0.25 % carbon steel] 





Treatment Temp., Per Cent 





. 2. oe 








Melt with 10 Ib limestone 


but no ore 2920 0.030 0.37 0.0185 0.26 0.52 
Heat to 3100 F. Slag 
drained 3100 0.030 0.41 0.26 0.48 


Injection 88 Ib carbide 2900 0.014 0.68 0.0150 0.31 0.52 
Carbide raked off, new 
slag added (30 Ib iron 
ore, 15 Ib limestone, 15 
Ib Mn ore, 15 Ib sand) 
Injection oxygen, 10 min, 


40 psi, 3-in. jet 3100 0.018 0.12 0.0063 0.03 0.13 
Recarb. Block 0.30% Mn 
and 0.20% Si 3150 0.018 


Final add. 0.25% Mn and 
0.30%, Si; tap 0.12% Al 3200 0.019 0.28 0.0060 0.46 0.! 
AL% P.% 
0.06 0.023 
[39.1 lb carbide per ton to remove 0.011% S = 35.5 lb per ton 
per 9.010 S] 
[Heat time 1 hr 26 min, consuming 1160 kwh (hot furnace)] 


Sr 
or 


Tensile Test T.S., psi Y.S.,psi Elong., % Red. of Area, % 


~ 0.505in. 77,100 41,100 31.6 47.5 


Heat No. 4 (37815) Nitrogen gas. Carbide injected before 
oxidation. 
[4500 Ib-heat of 0.20% carbon 0.50% Cr steel] 





Treatment “Temp., Per Cent 
F s Cc N S Mn 





Melt with 10 Ib limestone, 


no ore 2850 0.085 0.30 0.0129 0.13 0.31 
Heated to 3130 F. Slag 
drained 3130 0.084 0.27 0.0117 0.19 0.18 


Injection 53 Ib carbide with 
18 cu ft N (5 min, 34-in. 
pipe) 0.48 0.0187 0.21 0.21 
Carbide slag removed, 100 
lb ore added. New slag 
added (10 lb limestone, 
10 lb Mn ore, 10 Ib sand) 
Injection oxygen 214 min, 
40 Ib, 34-in. jet 
(265 cu ft) 3100 0.18 0.0138 0.04 0.15 
Recarb, Block 0.30% Mn 
and 0.20% Si 
Final add. 0.25% Mn, 
0.35% Si. Tap 0.045 0.0136 0.55 0.44 
[23.5 lb CaC, and 8 cu ft gas per ton to remove 0.040% S = 
5.9 Ib per ton per 0.010 S$] 
{Heat time 2 hr 17 min, 1649 kwh (cold furnace) ] 


3150 0.045 0.21 


Heat No. 5 (57347). Nitrogen gas. Carbide injected before 
r oxidation. 
[4500-Ib heat of 0.25% carbon steel] 





‘Treatment Temp., a Per Cent 
Oa ak, an. eee 

Melt add 10 lb aos eT fl, Foy SMe © pre 

limestone 2800 0.075 0.40 0.0136 0.15 0.40 
Heated to 3100. Slag 

drained 3100 0.046 0.36 0.0128 0.17 0.82 
Injection 69 lb carbide 

(5 min 34-in. pipe) 2900 0.046 0.54 0.0165 0.26 0.34 


New slag mix added (10 
lb limestone, 10 lb sand, 
10 lb Mn ore) 
Injection O, (6 min, 40 
Ib, 3%-in. jet, 640 cu ft) 3030 0.12 0.0095 0.04 0.12 
Recarb. All 0.55% Mn and 
0.50% Si added. Tap 3100 0.037 0.24 0.0071 0.43 0.48 
[30.7 lb carbide per ton to remove 0.038% S$ = 8.1 lb per ton 
per 0.010% S] 
[Time of heat 1 hr 53 min. 1350 kwh (hot furnace) ] 
Heat No. 6 (57437). Carbon dioxide gas. Carbide injected 
before oxidation. 
[4500-lb heat of 0.25% carbon steel] 





~ Per Cent 


Temp., 
Treatment F S C Si Mn 
Melt add 10 Ib limestone 2850 0.054 0.38 027 0.37 


Heated to 3100. Slag drained 3100 0.052 0.33 0.39 0.39 
Injection 30 lb carbide (34-in. pipe) 0.043 0.39 0.41 0.30 
Carbide raked off, 90 Ib ore added. 
New slag mix added (15 Ib 
limestone, added 15 lb Mn ore) 
Injection oxygen (6 min, 40 lb, 


3%-in. jet) 0.036 0.14 0.05 0.13 
Recard. Block 0.30% Mn and 
0.20%, Si 0.038 0.19 0.24 0.26 


Final addition 0.25% Mn and 
0.20%, Si. 

Tap plus 0.12% Al $200 0.038 0.24 0.42 0.43 
[13.3 lb carbide per ton to remove 0.016% S = 8.3 lb per ton 
per 0.010% S} 

[Time of heat 2 hr 36 min. 1760 kwh (cold furnace)] 











drop in temperature which had to be regained. Final 
manganese was added and the heat tapped. 

The sample caught immediately after the carbide 
treatment showed a drop in sulphur from 0.037 to 
0.031 per cent. However, the more representative 
final sample ran 0.028 per cent sulphur. (Samples im- 
mediately after the treatment were sometimes incon- 
sistent with later samples. The differences may be 
explained in several ways.) While removing the 0.009 
per cent sulphur, carbon content of the bath was in- 


creased 0.20 per cent by reaction with the carbide. 
This carbon pickup was convenient on this 0.40 per 
cent carbon steel which required recarburizing, but 
would limit the amount of desulphurization on lower 
carbon steels. 

Heat No. 2 was almost identical except for the use 
of nitrogen gas instead of the more expensive argon. 
Injection of 18.7 lb of carbide per ton with 8.9 cu ft 
of nitrogen per ton lowered the sulphur in a 214-ton 
heat from 0.036 to 0.026 per cent while raising the 
carbon from 0.09 to 0.28 per cent. Nitrogen content 
of the steel was almost doubled, from 0.0074 to 0.0139 
per cent nitrogen. This increased nitrogen content 
would be detrimental in most cases where the de- 
crease in sulphur would be desirable. 


Melting and Desulphurizing Practice 
On the next four heats (Table 2) the entire melt- 
ing practice and time of desulphurization was changed 
to overcome the limitations of the practice described. 
The desulphurization treatment was applied before 
the working of the heat with no limitations on the 
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final carbon content and without prolonging the de- 
oxidizing or blocked period of the heat over usual 
acid practice. 

On Heat No. 3 nitrogen gas was used on a 0.25 per 
cent carbon steel with a 3%4-in. pipe for injection. 
The charge was melted with no oxidation treatment 
and heated to 3100 F. The slag was drained, and 39.1 
Ib of carbide per ton injected in 5 min, decreasing 
the sulphur from 0.030 to 0.014 per cent. The carbon 
was increased from 0.41 to 0.68 per cent, and the 
nitrogen from 0.0085 to 0.0150 per cent. The tempera- 
ture was dropped to 2900 F. 

Use of Nitrogen 

The carbide slag was raked off and a synthetic slag 
mixture of iron ore, limestone, manganese ore and 
sand was added. Oxygen was injected through a 34- 
in. water-cooled jet for 10 min at 40 psi, producing a 
violent boil which dropped the carbon from 0.68 to 
0.12 per cent, and raised the temperature back to 
3100 F. The boil of this violence lowered the nitro- 
gen content from 0.0150 per cent to a normal con- 
centration of 0.0060 per cent. Such elimination of 
nitrogen seems to make its use more nearly practical 
when used before the boil. From this point on the 
heat was finished by the usual practice and behaved 
in a normal way. 

After recarburizing, the heat was blocked with 0.30 
per cent manganese and 0.20 per cent silicon addi- 
tions 8 min before tap. Final additions of manganese 
and silicon were added 2 min before tapping at 3200 
F with 0.12 per cent aluminum added in the tapping 
ladle. A tensile test from this heat had a good com- 
bination of strength and ductility as indicated by the 
77,100 psi strength and 47.5 per cent reduction of 
area. 

On this heat slags were drained and carbide in- 
jected very efficiently. Heat time was only 1 hr 26 
min on a hot furnace. The desulphurizing treatment 
prolonged this heat only 10 to 15 min. Power con- 
sumption was only 1160 kwh for a 214-ton heat, which 
is no greater than the average power consumption. 

Heat No. 4 followed a similar practice but on a 
higher sulphur charge caused intentionally by using 
a large proportion of screw stock that would ordin- 
arily be unfit for use in an acid furnace. Sulphur was 
lowered from 0.085 to 0.045 per cent with 23.5 lb of 
carbide per ton and 8 cu ft of nitrogen per ton in- 
jected in 5 min through a 3/-in. pipe. The best de- 
sulphurizing efficiency was experienced on this heat, 
5.9 Ib per ton per 0.010 per cent sulphur removed. 
Nitrogen was not eliminated as effectively by the boil 
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as on Heat No. 3. The boil was not quite as violent 
but the 0.50 per cent chromium seems another likely 
reason for the decreased nitrogen removal. 

On heat No. 5 sulphur was reduced from 0.075 to 
0.037 per cent with 30.7 lb of carbide per ton and the 
same practice. The melt slag was drained and the 
carbide injected and raked off. A final slag mixture 
high in iron ore was added and oxygen was injected. 
This heat was not blocked; all manganese and silicon 
were added 2 min before tapping at 3100 F. The 
boil lowered the nitrogen content from 0.0165 to 
0.0071 per cent. 

The time of this 214-ton heat was | hr 53 min and 
the power consumption 1350 kwh. The desulphuriza- 
tion treatment and slag removals apparently pro- 
longed this heat about 30 min and increased the 
power consumption 50 to 100 kwh. Some of this in- 
crease was due to additional samples for research data 
and unfamiliarity with the practice. The time should 
be improved with experience, 

On Heat No. 6 carbon dioxide was used as the 
inert gas. Sulphur was reduced from 0.054 to 0.038 
per cent by 13.3 lb of carbide per ton. Desulphuriz- 
ing efficiency seemed essentially comparable to that 
of nitrogen gas. Because of a cold furnace the heat 
time and power were greater than that usual on a 
hot furnace, but the increase was about the same as 
on the other heats. 


Desulphurization Efficiency 


All six acid heats are summarized in Table 3. From 
the last column, indicating the amount of carbide 
used per ton per 0.019 per cent sulphur removed, it 
is apparent, as would be expected, that desulphuriza- 
tion efficiency is much better the higher the original 
sulphur. Less treatment was required to remove 
0.040 per cent sulphur, from 0.085 to 0.045 per cent, 
in Heat No. 4 than was required to remove 0.011 per 
cent sulphur from 0.030 down to 0.019 per cent in 
Heat No. 3. 

After allowance for differences in respective sul- 
phur levels it appears that efficiency was at least equal 
and possibly better on the heats desulphurized be- 
fore the oxidation treatment. This makes it possible 
for the heats to be worked in their usua] manner 
without the danger of an over-reduced finish or re- 
maining in a deoxidized condition longer than has 
been found desirable for best ductility? and mini- 
mum hydrogen absorption.® 

A cost study of Heat No. 5 is shown in Table 4. 
This heat experienced the second best efficiency. The 


TABLE 3—SUMMARY OF AcID HEATs UsING CARBIDE DESULPHURIZATION 











CaC./Ton 
Heat Type Inert When Sulphur, % Sulphur Amount/Ton __//0.010%S, Ib 
No. Steel Gas Desulphurized Orig. Final Removed, CaC,, Gas, 
% lb cu ft 
1 1040 Argon After deox. 0.037 0.028 0.009 20.9 9.3 23.2 
2 1035 Nitrogen After deox. 0.036 0.026 0.010 18.7 8.9 18.7 
3 1025 Nitrogen Before ox. 0.030 0.019 0.011 39.1 35.5 
4 1020 Nitrogen Before ox. 0.085 0.045 0.040 23.5 8.0 5.9 
(0.50 Cr) 
5 1025 Nitrogen Before ox. 0.075 0.037 0.038 30.7 8.5 8.1 
6 1025 co, Before ox. 0.054 0.038 0.016 13.3 8.3 
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[ABLE 4—Cost ANALYSIS OF DESULPHURIZATION TREAT- 
MENT Acip HEAT No. 5. SULPHUR FROM 
0.075 to 0.037 Per CENT 








Material Amt./Ton Unit Cost Cost /Ton 
Carbide 14 ND —-30.71b- 0.07 perib == $2.15 
Nitrogen (or CO.) 8.5 cu ft 0.02 per cut ft 0.17 

Cost of pipe and protection (approx.) 0.50 
Additional power required, 40 kwh @ 0.01 0.40 
Total cost of treatment $3.22 





total material cost of reducing the sulphur from 0.075 
to 0.037 per cent was $3.22 per ton. Allowance was 
made for the increased power required, but no at- 
tempt was made to evaluate the increased time of 
the heat. Even after more experience it seems likely 
that the slag removals and carbide injection will un- 
doubtedly add 10 to 20 min to the length of an acid 
heat. However, costs of this order are expected when 
desulphurization of this degree is accomplished. 

Since this treatment accomplishes the equivalent of 
basic practice, costs must be compared with basic 
practice rather than ordinary acid practice. In the 
author’s plant a conventional reducing basic slag re- 
quires a greater power consumption and a greater 
increase in heat time in addition to the extra cost of 
basic refractories. Purchase of selected low-sulphur 
scrap generally requires a premium price in excess of 
the cost of this carbide treatment. 


Basic Heats 


Conventional basic electric practice is certainly ade- 
quate for sulphur removal. However, the carbide 
injection method, by accelerating the reaction rate, 
offers some possible advantages of shortened heat 
time. Carbide injection was actually tried first on 
basic heats to establish the practicality of the reaction 
before attempting its application on acid heats. 

Table 5 shows a heat log of one such basic heat 
with the most complete sample data. Following the 
usual oxidation and draining of the oxidizing slag 
the heat was deoxidized with Mn and Si. Instead 
of adding a second slag and waiting for it to become 
reducing and absorb sulphur, the carbide was in- 
jected and left on the bath as the second slag after 


TABLE 5—Heat Loc, Basic HEAT No. 56846. 








Nitrogen gas. Carbide injected after deoxidation. 3400-Ib heat 
of 0.35°% C steel 


rreatment Temp., §,.% €% 
F 


Melted with 80 Ib limestone, 50 Ib ore 
Oxidizing slag drained clean 
Deoxidized with 0.40% Mn and 0.20%, Si 3070 0.045 


Carbide injection 67 lb with 40 cu ft N: 0.15 
After first 14 of carbide 3050 0.037 0.20 
After second 14 of carbide 3000 0.033 0.24 
After third 14 of carbide 0.029 0.30 
After fourth 14 of carbide 2950 0.026 0.36 


Heated 15 min. Final add. Mn and Si; tap 3200 0.022 0.36 
38.3 Ib CaC, and 22.8 cu ft gas per ton to remove 0.023% S = 
16.6 lb per ton per 0.010% S$ 
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Fig. 2—Graph showing relationship of sulphur elimina- 
tion and carbon pickup (basic heat No. 56846). 


thinning to desired consistency by adding fluorspar. 

Sulphur was reduced almost immediately from 
0.045 to 0.022 per cent with 38.3 lb of carbide and 
22.8 cu ft of gas per ton of steel. The efficiency of 
this heat was 16.6 lb per ton per 0.010 per cent sul- 
phur, which is somewhat better than the acid heats 
in this sulphur range. Nitrogen gas was used but, 
on the basis of later experience, carbon dioxide 
would be preferred. 

Samples were taken after each one fourth of the 
carbide injection. Sulphur and carbon trends are in- 
dicated graphically in Fig. 2. Better desulphurization 
efficiency and lower carbon pickup were experienced 
on the first half of the treatment which did 63 per 
cent of the desulphurization. As the sulphur reached 
lower levels (and the temperature dropped) carbon 
pickup continued but desulphurization efficiency de- 
creased. Carbon pickup on the first half was 0.06 per 
cent per 0.010 per cent sulphur removed; and on the 
last half 0.14 per cent carbon per 0.010 per cent 
sulphur. 

In basic melting this carbide injection would be 
faster and more direct than conventional reducing 
practice. No additional steps are required. The sec- 
ond slag is simply injected into the bath in its already 
reduced and carbidic condition in contrast to usual 
practice in which the slag components are shoveled 
in and require a period of time to reach the proper 
condition to absorb sulphur. Basic heat time can be 
shortened considerably. Another advantage difficult 
to evaluate is the shortened period in an inactive, 
reducing condition. This should reduce the possibility 
of hydrogen absorption. Actually the inert gas used 
to inject the carbide should have some tendency to 
remove or keep out hydrogen. Without produczion 
experience these possibilities can only be suggested. 
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DISCUSSION 


Chairman: C. H. Loric, Battelle Memorial Institute, Colum- 
bus, Ohio. 

Co-Chairman: Cuas. Locke, Atlas Foundry & Machine Co., 
Tacoma, Wash. 

Recorder: E, C. Troy, Consultant, Palmyra, N. J. 

A. L. De Sy (Written Discussion): * In his interesting study of 
desulphurization of molten steel with calcium carbide the author 
used nitrogen gas as a carrier for the carbide powder. At the 
end of his paper he states that, on the basis of later experience, 
carbon dioxide would be preferred instead of nitrogen. 

This statement appears rather strange to us as carbon dioxide 
is oxidizing and desulphurization implicates strongly reducing 
conditions. 

Therefore the author's comments on this point would be 
highly appreciated. 

MR. Carter (Reply to Prof. De Sy): We did not find the oxi- 
dizing power of carbon dioxide strong enough to reduce the 
desulphurizing effectiveness to any significant extent. Before 
trying CO, we questioned its performance for the same reason. 
Apparently the carbide is so strongly reducing that it overcomes 
the mildly oxidizing tendency of CO,. Since writing the paper 
we have used CO, on several more heats with consistent success. 

H. H. Biosjo (Written Discussion):* The author has estab- 
lished a valuable procedure for reducing sulphur in the acid 
process. The acid process of melting has many advantages over 
the basic process, particularly in production of steel for castings. 
With the ever increasing sulphur content of the available melt- 
ing scrap, its removal is becoming a problem. The method used 
by the author before oxidation is particularly interesting as the 
carbon pick up from the carbide can be used to boil the heat. 
This boil also removes any gas that might have been introduced 
into the melt by the carbide injection. 

We thought it would be interesting to report briefly on some 
experimental work we have done in our plant using calcium car- 
bide. Our work has all been done by adding the carbide to the 
ladle. This limits the carbide that can be added due to the 
carbon pickup, particularly in the low carbon steels. No gases 
were used in adding the carbide. The method used was to finish 
the heat (acid lining) as is normally done and tap it into an 
acid-lined teapot ladle. The carbon in the heat as tapped was 
held 0.01 per cent below that desired for each pound of calcium 
carbide added per ton of melt. The heat size varied from 4000 
to 4700 lb. The heats were then transferred from the first ladle 
to a second ladle by pouring down through the teapot spout of 
the second acid-lined ladle. A container having an orifice of 
such size that it discharged the required carbide in from 50 to 
60 sec was mounted over the spout of the second ladle. Shortly 
after the transfer is started, the carbide is started flowing and is 
carried down through the spout by the stream of metal into the 
second ladle. The carbide continues to flow for a period long 
enough to transfer from one-half to two-thirds of the heat. In 
the second ladle, 40 lb of pebbled lime is added and preheated 
with the ladle to form a basic slag cover for the desulphurized 
metal. 

Fifteen heats were transferred this way. Five of these heats 
had only carbide added to them. Five heats had about 2 Ib of 
fused soda ash added per ton of melt in addition to the carbide. 
The soda ash was dried and added to the lime in the ladle just 
prior to the transfer. Five heats had about 2 lb of Mischmetal 
per ton of melt added in addition to the carbide. The Misch- 
metal was wired to a rod and plunged to the bottom of the 
ladle after the transfer was complete. 

Table A gives the average data for the five heats produced by 
each method. It will be noted that it took 12.4 Ib of calcium 
carbide per ton of melt to reduce the sulphur 0.010 per cent 
starting at a sulphur level of 0.038 per cent when only carbide 
was used with the lime. The author’s data indicates they used 
about 20 Ib per ton starting at the same sulphur level. 

Adding soda ash to lime in the ladle reduced the amount of 
carbide necessary to drop the sulphur 0.010 per cent from the 
0.038 per cent level to 9.8 lb. Fused soda ash is a cheap material 
and adds to the desulphurization at a low cost. We were unable 
to make use of soda ash safely, however, as we had two ex- 
plosions in the slag of the second ladle. In the last heat that we 
ran with soda ash, an explosion took place in the slag fully 5 
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TABLE A 





Aver. lb Per Ton Melt Aver. Sulphur 


asics tee Aver. lb CaC, 
Soda Misch- per ton melt 
Heats Lime CaC, Ash metal Original Drop per 0.010 S drop 





A® 20 72 ~ 0387 0058 12.4 
BY* 2 64 22 0381 .0067 9.8 
ce** 19 7.0 21 .0363 .0076 9.2 


A* Aver. of five heats using lime and calcium carbide. 
B** Aver. of five heats using lime, calcium carbide and purite. 
C*** Aver. of five heats using lime, calcium carbide and misch- 


metal. 





min after the transfer was complete, and the ladle was down on 
the pouring floor. Fortunately only two men were burned and 
only slightly, with no lost time, but enough metal and slag was 
thrown around to have resulted in serious burns. The use of 
soda ash was discontinued, therefore. 

Adding Mischmetal to the transferred heat reduced the 
amount of carbide necessary to drop the sulphur 0.010 per cent 
at the 0.036 level to 9.2 Ib. The Mischmetal also reacts with the 
remaining sulphur to form Type I inclusions resulting in ex- 
cellent physical properties. 

Table B shows the average chemical and physical properties 
of the five heats produced using soda ash and also the average of 
the five heats using Mischmetal with the carbide addition. Un- 
fortunately the heats using carbide only were not checked for 
their physical properties. The physical properties of soda ash- 
calcium carbide heats were very good, but those of the Misch- 
metal-calcium carbide are most outstanding. The Mischmetal 
heats also were more consistent in their properties. 


TABLE B—AVERAGE PHYSICAL PROPERTIES OF HEATS NORMALIZED 
AND TEMPERED AT 1250 F. 





Heats C Mn Si S_ T.S.,psi Y.P., psi % El.% R.A. P Value 


B 25 .80 44 .032 75,400 48,100 32.7 556 81.8 
C 2 81 45 .029 78,300 50,000 324 581 85.4 





Mr, Carter (Reply to Mr. Blosjo): The desulphurizing results 
from carbide added in a ladle spout are very interesting and 
represent another method of obtaining more contact with car- 
bide and better kinetic conditions than simply adding to the 
slag. The reladling process would place some limitations on 
this method in our plant because of the temperature loss. We 
appreciate the results of this related work. 

C. E. Sims (Writien Discussion):* This is a good example of a 
basic practice, superimposed briefly on an acid practice. Al- 
though it may be done in an acid-lined furnace, there is no 
doubt but that sulphur reversion would take place if the car- 
bide slag was not raked off promptly after injection. 

The classic desulphurization reaction shows S or FeS reacting 
with CaO and C to form CaS and CO. This is undoubtedly cor- 
rect and indicates that the ideal conditions for desulphurization 
exist with a highly basic slag and strong reducing conditions. 
Recent work’? has indicated that the reducing conditions are 
even more important than the basicity. 

While this is well established, it is not always recognized that 
fairly efficient desulphurization can sometimes be attained under 
conditions less than ideal, whereas, the apparently ideal condi- 
tions often fail to give good sulphur elimination. For example, 
in basic practice, appreciable quantities of sulphur are removed 
into the oxidizing slag during the boil, while the white reducing 
or carbide slag usually falls far short of its full desulphurizing 
potentialities.” The reason for this is in the kinetics of the 
reaction under the two conditions. The boil produces turbulence 
that is favorable to rapid reaction, while the static conditions 
of the reducing slag are definitely unfavorable. 

The injection method can attribute much of its success to 
good kinetic conditions that are inherent to the process. I have 
used gas injection without calcium carbide with good results to 
speed up the desulphurization reaction between a basic reducing 
slag and a steel bath. Here too, CO, gas worked just as effectively 
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N.. It is easy to see that the favorable kinetics of the 
carbide injection process could be used to advantage even on 
,asic heats. There is some doubt as to how effective it would be 
on a very large furnace, of, say, 100 tons, however. 

Nitrogen is objectionable from the standpoint of dissolving in 
he steel bath even though most of it can be removed by a subse- 
quent vigorous boil. Carbon dioxide theoretically would be un- 
javorable because it is an oxidizing gas. As shown, however, its 
oxidizing power is negligible in the presence of the carbon 
contents of the steel bath and the calcium carbide. 

Calcium carbide is an excellent carburizer for steel and as 
such has some objectionable features. Considering the kinetics 
of the process and the fact that highly reducing conditions are 
not necessary, it is surmized that crushed burned lime alone or 
a mixture of burned lime and calcium carbide would be just as 
effective and introduce less carbon. Has the author considered 
this? 

REFERENCES 

1. N. J. Grant and J. Chipman, “Sulphur Equilibria Between 
Liquid Iron and Slags.” AIME (April 1946—T.P. 1988, Trans. 
AIME (1946) 167, 134. 

2. $8. F. Urban and G. Derge, “Oxygen in Basic Electric- 
Furnace Baths,” Electric Furnace Steel Proc. (1946), Vol. 4, pp. 
31-45. 

Mr. CARTER (Reply to Mr. Sims): The explanations by Mr. 
Sims are appreciated. A mixture of lime with carbide has not 
been tried, but has been considered. For our occasional applica- 
tions we have needed the maximum desulphurizing efficiency 
with no serious limitations from carbon pickup. For that reason 
we have not tried less active materials. 

It appears quite likely that other materials and combinations 
of basic fluxes injected in this manner might have certain ad- 
vantages. If this injection process should become a routine pro- 
cedure, I feel sure improvements in cost and effectiveness could 
be effected by experimenting with some of these combinations. 

E. A. Loria (Written Discussion):* The author is to be com- 
plimented for providing a real service to the acid electric steel 
producers. He has devised a practical method which should 
certainly aid them in their efforts to reduce sulphur. Blowing 
fine calcium carbide under the bare bath by means of a 3/-in. 
diam pipe and moving it through the bath produces little 
shutes of flame on the surface and a powdery slag that is easily 
raked off. This “falling” slag which disintegrates to a fine 
powder on cooling is the normal type of reducing slag which 
contains large amounts of di-calcium silicate. Even gas flow dur- 
ing the operation is necessary in order to prevent clogging of 
the carbide. 

There are several factors in the process which should be noted. 
It is done at a time when the metal has reached a high tem- 
perature so that the solubility of the carbide is enhanced. It is 
done on a bare bath, before or after deoxidation, because if the 
usual slag were left on it would lower the efficiency of the car- 
bide and might even cause a sulphur reversion under certain 
circumstances. Finally, the ability of the process to lower sulphur 
is dependent on the initial sulphur content of the charge and 
the amount of reduction desired. For example, a reduction of 
from 0.085 pct to 0.045 pct is more easily accomplished than a 
reduction of from 0.030 pct to 0.019 pet. 

Apparently the author has not made enough heats yet to say 
at what carbon level the injection should be made for best effi- 
ciency and what carbon pick-up is obtained from the carbide 
when it is used in varied amounts to remove different amounts 
of sulphur, though the carbon pick-up can be readily consumed 
by the later injection of oxygen? No doubt the desulphurization 
ratio is not constant for changes in the analysis of the metal. In 
other words, the activity of the iron sulphide, its tendency to 
leave the metal as iron sulphide or calcium sulphide, varies with 
metal analysis. For example, when carbon and silicon are high, 
as in cast iron, iron sulphide has a greater tendency to leave 
than in low carbon, low silicon steel. Per haps the way ‘a particu- 
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lar heat of steel is made, i.e., the oxidation of the carbon and 
silicon and conversely the amount of iron oxide dissolved therein, 
affects the results obtained with carbide or burnt lime injec- 
tion. This would mean that better sulphur removal would be 
achieved by the use of carbide injection before oxidation when 
the carbon and silicon contents of the heat are much higher 
than they are after melt and oxidation with oxygen. 

Three gases have been employed as pressure agents. Argon 
has been deemed too expensive, nitrogen as undesirable because 
of metal absorption, and carbon dioxide apparently favored be- 
cause it is the cheapest of the three. However, Tables | and 2 
give data for four heats employing nitrogen and only one heat 
employing carbon dioxide. Have anymore heats been made in 
a hot furnace utilizing carbon dioxide? Maybe the carbon diox- 
ide is not detrimental in raising the oxygen level of the bath 
during the process, providing but a very small increase which 
does not throw the heat out of line. Nevertheless, perhaps the 
efficiency of the carbide may be damaged by the presence of an 
oxidizing agent at the point of contact with the steel in much 
the same manner as, for example, would occur if raw lime were 
used with its oxygen carriers, calcium carbonate or calcium 
hydroxide. Has the author tried freshly burnt lime in combina- 
tion with calcium carbide in view of the fact that the desul- 
phurization ratio increases with increasing amounts of excess (or 
free) lime? Experiments are underway employing just pulverized 
burnt lime which is discharged into the bath under nitrogen 
gas pressure by means of an ordinary furnace patching gun. 
Does the author have any figures on phosphorus removal for 
the four heats where the carbide was injected before oxidation? 

The statement is made that carbide injection after deoxidation 
prolonged that stage of the heat. The times required for the 
treatment of the two heats by this practice are not given in 
lable 1, but should be of the same order as the time interval 
of 5 to 10 min given in Table 2 for the treatment of four heats 
before deoxidation. Does the author believe this time interval 
is too excessive even though the injection gas pressure should 
have some tendency to remove or keep out hydrogen? Also, is 
it not possible that, in cases where a marked decrease in sulphur 
is desired, it would be worthwhile to do it in the deoxidation 
stage when the oxygen content of the bath is lower and hence 
does not hinder sulphur removal? Perhaps a quick fluxing cover- 
slag (burnt lime, cryolite, alumina mixtures) would protect the 
bath from oxidation. These oxides are very stable so they are 
not easily reduced by calcium carbide. Of course, with this prac- 
tice, an inert gas would have to be used so that oxygen would 
not be introduced by the carrier. No doubt, silica has an im- 
portant role in desulphurizing. Silica in the slag can add silicon 
and oxygen to the metal and the latter slows up sulphur removal 
even though present in a very small quantity. 

Mr. CARTER (Reply to Mr. Loria): We appreciate the theoreti- 
cal elaboration by Mr. Loria but cannot answer many of his 
questions. 

We agree that carbon content effects sulphur activity and 
that higher carbon steels should be desulphurized more effi- 
ciently but we have no data to support any quantitative com- 
parison. 

As previously indicated several more heats have been success- 
fully treated with CO, as the carrier gas than are indicated in 
the paper. 

We do not have sufficiently accurate data to prove any sig- 
nificant phosphorus elimination. Some of the samples might 
have shown a slight trend but the difference was almost within 
analytical precision and normal variations over a bath. 

Mr. Carter (Author’s Closure): In closing I would like to 
repeat that this treatment as described here is not intended 
as a completely perfected process but rather as an opening up 
of a field of desulphurization. Gas injection offers the advan- 
tages of good kinetic conditions and accelerated reactivity. The 
equipment used proved relatively simple and effective. Carbide 
desulphurizes effectively without interference from acid linings. 

Numerous modifications and combinations may be applied 
profitably to meet various conditions. 
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The basic cupola has been the object of increasing 
consideration during the past few years. A previous 
paper’ described the first three years of experimenta- 
tion and production trials in the author's plant. On 
a small cupola the magnesite brick lining was ac- 
tually more resistant than any clay refractories, but 
refractory costs were very high. Experimental heats 
melting a wide range of metal charges with two dif- 
ferent cokes and a variety of flux combinations ac- 
complished attractive desulphurization within the 
basic cupola and produced carbon pickups beyond the 
limitations of acid cupola melting. 

These chemical accomplishments seemed to ele- 
vate the cupola from a melting furnace to a refining 
furnace, and to make it a more suitable unit for 
melting the newly developed nodular or ductile iron. 
On the basis of the chemical results obtained, several 
different applications were suggested in which basic 
melting might be justified by improved iron quality 
or the use of larger proportions of scrap and poor 
grade raw materials. 

The plant has continued to operate one produc- 
tion cupola with a basic lining. Continual progress 
is being made in understanding basic operation and 
reducing the cost of refractories. Basic cupolas in- 
stalled by a number of American plants for several 
different objectives, together with experiences in Eur- 
ope, have collectively established more clearly the 
application of basic melting in the foundry field. 


Refractory Lining and Patching 


The cupola operated at the plant has a 36-in. inside 
diameter with a 9-in. lining, and melts at a rate of 
4 tons/hr for 5. to 8-hr heats. A description of the 
cupola is given in Table 1. Properties of the coke are 
given in Table 2. The iron melted ‘is predominantly 
a medium phosphorus gray iron for air test pipe fit- 
tings and machine tool castings. Such a 0.20 per cent 
phosphorus iron is special in this plant where higher 
phosphorus contents are predominant. In addition 
to this iron, most of the occasional special irons are 
melted in this cupola. 

The original basic lining consisted of dead-burned 
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TABLE 1—-DESCRIPTION OF CUPOLA 





Inside Diameter, in. 
Lining Thickness, in. 
ais. nin wae ioe s nena bees gsm ka akaowe 6 


Pee UN PN MS iis coe th cha wnntscuhackewias 336 
PORES DOVEICS CD TOTO, BR. on cs oc occ ccc cecewceces 22 
Distance Tuyeres to Charge Door, ft. .... 22... .sccceses 13 
renee Gn Beetes Cae, TD... 2c vcceccceees 1000 
ED OL UN ag dsb pane ashe A hgnne samara nes 2500 
EN, i ec wis cialis nats neh cai eee ato 10 





magnesite brick. In the basin 414-in. arch brick were 
backed by 214-in. straight brick against the shell. In 
the melting zone 9-in. keys were used beyond the area 
of burn-back. For a completely basic cupola the 
stack above the melting zone was lined with two 
layers of 414-in. arch brick, the back course clay 
brick and the inside course magnesite brick. Current- 
ly clay brick are used altogether in this portion of 
the stack from 60 in. above the tuyeres up to the cast 
iron blocks used for the final 2 ft below the charging 
door. 

Daily patching of the burn-back has been the ob- 
ject of continual experimentation in order to reduce 
the cost of basic refractory maintenance. A number 
of materials have been tried, from which five essen- 
tially different patching procedures have been satis- 
factorily used and their relative performance and 
cost compared, 

The acid cupola, with the original practice of patch- 


TABLE 2—PROPERTIES OF COKE 
(Range of properties of foundry coke used on all heats in paper 
unless exception indicated.) 











NS SE U.ev ke nen Skee dee aen Tae ennn sere . 0.65-0.85 
A ee ee ee mere ee ee eee ee 0.60—1.00 
(| 4 RR rere eeercmnerr 9.0 -10.5 
RE Pee eee re eee ee 1.85-1.95 
Apparent Specific Gravity ....... 00 cscsiccecsesoess 0.95-1.05 
TT aus same ne eke Oicbe kee se Sas Chee ome oem 48 51 
ee ng er OO IN 6 een bes cv a emieeh eas oe wawe de 81 -86 
Typical Ash Composition 
ts aac Caed Mae eee elie aN aueea ae 51.0 
MS ak aid aaah ee aaa VG Se As Oe eA hag EN MRS 9.3 
SS ih ane CLG aie eae ULI ASTER OKARGAO ERED Kamae 32.0 
ID Fac scat hich ha wrath a Wee pe sea mito ha ois a a aA 3.5 
I ics ce ek ne page or est kee eGe Aes tT eek ee 2.0 
52-35 











S. F. CARTER 


ing with clay brick, experienced a maximum. burn- 
back averaging 6 in. per side. Daily patching cost 
was $1.51 per ton, material and labor. During this 
study the pneumatic guns were introduced and the 
acid patching procedure was changed to the blow- 
ing of a ganister-clay mixture. Acid burn-back was 
reduced to 4.8 in. and, excluding the cost of the gun, 
the patching cost was reduced to $1.10 per ton. 

Comparison of refractory costs obviously must be 
considered only relative because of variations among 
cupola diameters, charges, and melting conditions. 
Within this plant refractory maintenance costs have 
ranged from $0.25 per ton to $2.50 per ton among 
the six cupolas operated daily. The lowest cost is 
experienced on a 35-ton/hr furnace operated on 18- 
hr heats, and the highest cost was on a 114-ton/hr 
furnace operated on 8-hr heats. The 36-in. cupola 
in this study is midway between these extremes. 


TABLE 3-—COMPARATIVE BURN-BACK AND PATCHING 
Costs 
(25-ton heats—36-in. cupola) 





No. Days Max. Burn-back* Patch cost 








Patch Material Averaged per Side, in. per ton** 
Acid 
Clay brick 18 6.0 $1.51 
Ganister-clay, blown t 4.8 1 
Basic 
Magnesite brick 18 2.4 3.80 
Magnesite, rammed 3 3.5 + 
Magnesite, blown 4 3.8 2.68 
Dolomite, rammed 4 4.0 —t 
Dolomite, blown 30 4.2 1.85 
* Difference in lining before and after heat at point of maxi- 


mum attack. 

** Both material and labor costs of patching back to original 
dimensions. 

+ Insufficient experience with ramming to properly appraise 
labor cost. 





In patching the basic cupola, magnesite brick prop- 
erly laid gave the best performance, but the highest 
cost. A maximum burn-back averaging only 2.4 in. 
made it necessary to patch only once every 2 or 3 
days, but costs were $2.29 to $2.70 per ton higher 
than acid costs. 

Next, an attempt was made to improve basic costs 
by ramming a patch from granular magnesite. With 
the addition of 1 per cent bentonite, a magnesite 
ramming mixture, used for electric furnace hearths, 
was made to adhere successfully to the vertical walls 
of the cupola. The burn-back of this material was 
3.5 in. 

The next step was to try to blow such a magnesite 
mixture in one of the newly introduced guns. After 
some experimentation, increasing the bond and 
slightly altering the grain distribution, magnesite 
mixtures from two different manufacturers were 
blown with reasonable success. Average burn-back 
was 3.8 in. and the cost $2.68 per ton. 

Dolomite is the most available and least expensive 
of basic refractories, and the most attractive for cu- 
pola application. A stabilized dolomite mixture was 
first rammed for four days to determine relative 
performance of the material without the application 
variables from gunning. The application was good 


345 


and an attack of 4.0 in. was less than that experienced 
from acid refractories. 

With its practicability established, the dolomite 
mixture was blown with a gun. Increasing the bond 
slightly and increasing the proportion of course aggre- 
gate seemed to improve the performance of the par- 
ticular gun. Records kept for 30 days showed an 
average burn-back of 4.2 in. Although not as stable 
nor quite as resistant as magnesite, dolomite gave us 
the lowest refractory cost because of its much lower 
price. Refractory maintenance cost was $1.85 per 
ton, which is $0.34 per ton higher than the original 
acid cost and $0.75 per ton higher than current acid 
cost using blown ganister. 

Dolomite refractories, by adding both CaO and 
MgO to the slag, produce slags higher in CaO than 
slags of equivalent basicity from MgO refractories. 
The higher CaO slags from dolomite refractories 
seem to have better fluidity and better desulphurizing 
ability than higher MgO slags. This is an advantage 
of dolomite refractories worthy of consideration. 
These refractory data are summarized in Table 3. 

This cupola is equipped with water cooling by 
external sprays. As expected, the water cooling has 
not appeared to affect lining consumption until the 
lining has been worn very thin. However, this basic 
cupola has been operated a few days, and another 
acid cupola is operated regularly, with essentially 
no refractory lining in the melting zone. Without 
some alteration in design, erosion is severe around 
the tuyeres and in the basin. However, the author 
has found, like several others, that operation can be 
satisfactory with virtually no refractory in the melt- 
ing zone. 

It has not been determined to what extent reduced 
refractory consumption can offset the cost of the 
water. Water cooled acid and basic cupolas with 
either internal jackets or external sprays have been 
operated successfully by a number of plants both in 
Europe and the United States. 

Experience with these five refractory combinations 
gave assurance that several basic materials can give 
reliable cupola performance and can be adapted to 
all fundamental types of patching. However, at the 
present time it appears that basic refractories can be 
expected to cost roughly twice as much as acid re- 
fractories. Economic justification can be expected 
only in applications where this refractory cost can be 
overcome by greater savings in the metal charge or 
improved iron quality. 

Further research by the refractory manufacturers 
should bring further improvements in the adaptation 
of basic materials to cupola use and some improve- 
ments in cost. If refractory costs are not reduced 
further, extended application of water cooling should 
prove profitable. 


Slag-hole and Tap-hole Refractories 

Since a basic slag is more corrosive, slag-hole refrac- 
tories with better than average slag resistance are 
required. In this plant the cupola has been operated 
both as a back-slagging, intermittent-tap cupola, and 
currently as a continuous-tap, front-slagging cupola. 

When operated as a tap cupola, the back slag hole 
required much attention. Clay refractories were con- 
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sumed rapidly. Clay-graphite refractories held up suf- 
ficiently for only short heats of 2 or 3 hr. Slag holes 
rammed from both magnesite and dolomite have 
lasted satisfactorily for one shift when properly 
bonded and densely rammed. 

Silicon-carbide slag-hole blocks generally lasted 
through a one-shift day and frequently for two days. 
Graphite and carbon slag-hole blocks (cut from scrap 
electrodes in the plant) proved completely resistant 
to the slag but were gradually burned larger by the 
escaping air blast when left open. 

In continuous front slagging the refractory prob- 
lem is moved to the tap hole, slag skimmer knife, and 
runner box. Tap holes rammed from both dolomite 
and magnesite have performed with consistent satis- 
faction for a one-shift operation on a slag of medium 
basicity. Frequently these have been run the second 
and third day with essentially no patching. Some 
early troubles were experienced when these materials 
were not properly bonded, tempered, or rammed. 

A tap hole made up from high-alumina brick (98 
per cent + Al,O3) has performed satisfactorily for 
two or three shifts but at a higher cost than the other 
materials. —The runner box behind the slag knife is 
lined with magnesite brick with a l-in. inner lining 
of rammed dolomite. The daily attack is confined 
to this dolomite layer which is patched after each 
day’s operation. The slag knife or skimmer is made 
of magnesite brick, with one high-alumina brick as 
the base brick which lasts two weeks. The slag over- 
flow and run-off trough are lined with thin graphite 
or carbon blocks which last two or three weeks. 

Graphite and carbon materials are completely re- 
sistant to slag attack or adherence, but are attacked 
slightly by hypoeutectic iron if extended below the 
slag level. Carbon pastes seem to offer better metal 
resistance and equal slag resistance, plus the flexibility 
of a plastic. 

The plant is currently experimenting with a con- 
tinuous-tap system with a rear-slagging dam. Sepa- 
rating the metal and slag outlets should permit the 
use of materials with optimum slag-resistant properties 
for the back slag outlet and materials with metal re- 
sistance for the front tap hole, while retaining the 
advantages of continuous flow. Another advantage 
might be the independent adjustment of metal and 
slag levels within the cupola hearth. Some advantages 
might be found for highly basic slags or large slag 
volumes on long heats. 


Effect of Varying Degrees of Slag Basicity 

No particular chemical pattern is typical of basic 
operation. A basic lining permits varying degrees of 
slag basicity and varying chemical accomplishments. 
As slag basicity increases, carbon pickup increases 
and sulphur content decreases. The lower metal sul- 
phur content is accounted for in the greater sulphur 
absorbing capacity of the more basic slag. Higher 
carbon pickup seems to be caused by the basic slag 
washing away the acid ash from the coke, leaving it 
cleaner and more reactive. An additional effect on 
carbon pickup seems to be caused by the increased 
carbon solubility of a lower sulphur iron. 

Table 4 shows charge combinations for the acid 
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mix, and five different basic mixes of varying basicit 
that have been used to produce iron of the same 
chemistry, except for sulphur. The iron producec 
was an ordinary gray iron of 2.00 per cent Si, 3.4( 
per cent C, and 0.20 per cent P. 

The basic cupola has been operated with no flux 
at all. In this size cupola the quantity of basic 
refractory consumed from the lining is more than 
enough to neutralize the acid from the coke ash and 
from silicon oxidation so that the resulting slag is 
slightly more basic than an acid cupola slag. The 
charge is not greatly different from an acid mix, only 
5 per cent higher steel, and the final sulphur only 
slightly lower than acid experience. 

As the flux is progressively increased, slag basicity 
increases, and final sulphur content decreases. To 


TasB_Le 4—Basic MIXEs WITH VARYING SLAG BASICITY 
(Producing same final chemistry—Si, 2.00%; C, 3.40%; P, 0.20%) 








Proportion Silicon Carbon Sulphur 
Flux Charge of Steel ,% Loss,% Pickup,%  Final,% 
Acid 
4%, limestone 30 15 0.45 0.090 
Basic 
None 35 20 0.65 0.075 
1% limestone 40 24 0.85 0.070 
2% limestone 50 27 1.25 0.060 
4% limestone— 
14% fluorspar 60 30 1.60 0.050 
1% CaC., 4% limestone, 
1% fluorspar 80 30 2.40 0.030 


Rounded averages of several days operation and based on 
average raw material conditions. 

Silicon loss is percentage of over-all silicon addition with 
0.25% silicon inoculation added to ladle. 

Carbon pickup is percentage carbon content above calculated 
carbon content of charge. 





compensate for the increased carbon pickup, increas- 
ing proportions of steel scrap have been used. As 
shown in, Table 4, charges of 80 per cent steel have 
been melted with a flux of 1 per cent calcium carbide, 
4 per cent limestone, and 1 per cent fluorspar. 

The flux quantities in Table 4 are based on charges 
of comparable cleanliness and physical condition. 
More flux has been used with dirty charge material 
and for thin, rusty scrap to obtain a slag of the same 
basicity. 

Silicon loss is much higher in basic melting, and 
adjustments must be made for the same factors. No 
manganese is used on the basic cupola. The better 
manganese recovery leaves a manganese content of 
0.45 to 0.70 per cent, which is sufficient to neutralize 
the reduced sulphur content of 0.040 to 0.070 per 
cent obtained under most conditions. 


Nodular and Special Irons 


The basic cupola has produced irons beyond the 
chemical limitations of the acid cupola. Many of 
these chemical extremes have desirable metallurgical 
properties. Table 5 shows several special irons made 
advantageously in the basic cupola. 

The first is a nodular iron heat for casting research. 
A 0.010 per cent sulphur and a 3.90 per cent carbon 
were obtained with a flux charge of 4 per cent car- 
bide, 4 per cent limestone, and 2 per cent fluorspar. 
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TABLE 5—SPECIAL IRONS MADE IN Basic CUPOLA 
(Typical Short Heats—36-in. Production Cupola) 





: Metal Chemistry, % 








Type Iron Metal Charge Flux Charge S Si Cc Alloys 
1. Nodular 50% Steel 4%, CaC, 
(Test Castings) 50% Low P Pig 4%, Limestone 
2%, Fluorspar 0.010 2.07 3.90 Mg 
2. Permanent Mold 30% Steel 6% Limestone 0.040 1.79 3.80 Cr 
70%, Pig 2% Fluorspar 
3. Forging “Die Pots” (A) 100% Alloy return 4% Limestone 0.061 1.10 3.97 Ni, Mo, Cr 
14% Fluorspar 
(B) 100% Alloy return 2% Limestone 0.073 1.22 3.70 Ni, Cu, Cr 
4. Nickel Alloy 100% Alloy return 6% Limestone 0.082 2.18 2.84 Ni, Cu, Cr 
1%, Fluorspar 
5. High Strength 90% Steel 1% Limestone 0.082 1.67 2.87 





In the second iron for permanent molds a very 
high carbon content is desired for heat-shock re- 
sistance. A carbon content of 3.80 per cent and higher 
has been regularly obtained in the basic cupola. Iron 
No. 3 (Table 5) for forging die pots is another heat- 
shock application in which a high carbon is desired. 
This iron is alloyed with nickel, molybdenum, and 
chromium. 

With 2 per cent limestone a 3.70 per cent carbon 
and 0.073 per cent sulphur were obtained from 100 
per cent return scrap which consisted of used dies 
from the customer plus shop return. The scrap com- 
position averaged 3.25 per cent carbon and 0.095 per 
cent sulphur. With 4 per cent limestone and 14 per 
cent spar the more basic slag produced a 3.97 per 
cent carbon and a sulphur of 0.061 per cent. In acid 
practice no more than 60 per cent return could ever 
be used, and then carbon was not as high as desired 
and a sulphur of about 0.120 per cent required ladle 
desulphurization. 

Iron No. 4 is a nickel alloy iron on which basic 
melting made it possible to melt 100 per cent returns 
of the same iron. Sulphur was reduced from 0.120 
per cent in the charge to a final of 0.082 per cent 
sulphur, and the carbon of 2.84 per cent was ad- 
vantageously higher than could be obtained in acid 
melting. 

Iron No. 5 is a low carbon-high strength iron with 
over 47,000 psi tensile in a 2-in. test bar. The basic 
cupola seems to offer no particular advantage on 
this type of iron. Low carbons are naturally more 
difficult to obtain from a basic cupola because of its 
tendency toward higher carbon pickup. As shown by 
Renshaw? the interrelated reactions make it difficult 
to obtain a carbon below 2.80 per cent with a sulphur 
below 0.050 per cent. However, higher sulphurs do 
not appear as detrimental in the larger section sizes 
into which iron of this type is cast. 


Economic Considerations 


By reducing the flux and the slag basicity and al- 
lowing the sulphur to run higher, low-carbon irons 
may be produced with fair success in the basic cupola. 
This flexibility is important where a single furnace 
must be used for various types of irons, some of which 
would be benefited by basic melting. 

Table 6 shows comparative metal costs of the regu- 
lar acid mix and two of the basic mixes shown in 
Table 3. This is a typical application in a particular 


raw material situation. By replacing $70 per ton low 
phosphorus pig with $48 per ton steel scrap the 60 
per cent steel basic mix saved $3.50 per net ton over 
the acid mix on charge material. After subtracting 
the cost of basic refractories the net saving is still 
over $2.50 per ton. 

By the use of | per cent calcium carbide and with 
the steel proportion increased to 80 per cent, another 
$1.80 per ton has been saved over the 60 per cent 
steel mix. Prices are local and current. This is an 
example of one of several raw material savings under 
various local conditions, made possible by the flexi- 
bility of basic operation. 

Smaller Magnesium Additions Required 

In making the nodular iron shown in Table 5 the 
basic low sulphur iron required only one-third the 
magnesium alloy addition needed for the usual acid 
iron. This reduction in magnesium alloy amounts 
to approximately $10.00 per ton. On the same heat 
a saving of $7.00 per ton was realized on the base 
metal charge by substituting steel for low phosphorus 
pig iron. 

After liberal allowance for basic refractories and 
special fluxes, the net saving on this iron can be $10.00 
to $12.00 per ton. From the cost and control stand- 
point the basic cupola seems to offer the most ad- 
vantages on nodular iron. Flinn and Kraft® reported 
such advantages in the regular production of this 
type of iron in a basic cupola. 

On the permanent mold iron shown in Table 5 the 
net saving was $4.00 over an acid mix producing less 
desirable chemistry. 

On the forging die iron in Table 5 the basic cupola 
mix of 100 per cent alloy return (used dies from 
customer plus shop return) effected a net saving of 
$18.00 per ton from the use of cheaper scrap plus the 
value of the alloys reclaimed. 

Successful use of poorer grade coke is another po- 
tential advantage of basic operation that is difficult 
to evaluate. Low sulphur iron sufficiently high in 
carbon has been produced from coke of 15 per cent 
ash and 2.00 per cent sulphur content—too poor for 
acid use. 

These examples illustrate some of the various appli- 
cations on which the cost of basic refractories can be 
more than offset by greater savings in the metal 
charge. In abnormal times relative prices may be 
distorted but the supply of select materials is generally 
insufficient. In such cases basic operation can prove 
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valuable in extending the melt tonnage even if econ- 
omies are not realized. 

On the other hand basic operation cannot be justi- 
fied in many applications. In this plant where high 
phosphorus content is satisfactory and a sufficient 
supply of high phosphorus pig iron is locally avail- 
able, there is no advantage in using more steel. 

In a high silicon-low carbon iron basic opera- 
tion was not found to offer any net cost advantage. 
Forehearth desulphurization could be eliminated but 
the increased silicon loss added to the refractory 
cost made basic melting more expensive. 


Slag Composition 


In basic cupola melting, slag composition is im- 
portant since the reactions obtained depend upon 
slag chemistry. Methods of sampling and analysis 
need further standardization and development and 
many relationships remain to be determined with bet- 
ter accuracy. However, the general factors suggested 
in the previous paper have been found to apply with 
reasonable dependability. Desulphurization efficiency 
is generally indicated by the sulphur content of the 
slag compared to the sulphur content of the iron. 

Desulphurization efficiency of the slag improves 
with increased basicity and decreased iron oxide con- 
tent. Metal desulphurization may be increased by 
melting larger volumes of slag. However, equal and 
better desulphurization efficiency can be accomplished 
by melting smaller volumes of slag of more effective 


composition. 
For a simple indication of basicity the author has 
CaO + MgO 
used the ratio - —_-—.-. Flinn?’ included Al,O, 
SiO, 


in the denominator. In the author’s cupola experi- 
ence, Al,O;, has appeared to have relatively little 
effect on desulphurization as compared to SiO,. For 
that reason Al,O, has been left out of the denomin- 
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TaBLE 6—Cost COMPARISON OF CHARGE METAL 
(Average analysis—2.00% Si; 3.40% C; 0.20% P) 

















Basic+ 
Acid Basic Carbide 
Steel Scrap $48.00/GT* 30% 60% 80% 
Low P Pig $70.00/GT 50% 20% None 
High P Pig $48.50/GT 20% 20% 20% 
Silicon Briquette 0.07 /Ib 3% 5% 5.5% 
Spiegel 0.04 /Ib 0.5% None None 
Flourspar 0.02/lb 0.5% 1.0% 
Carbide 0.06 /Ib 1.0% 
Total metal cost/net ton $57.70 $54.20 $52.40 
Saving in metal charge $3.50 $1.80 


* All prices necessarily local and current at time and only of 
relative value under similar circumstances. 





ator until its relative effect can be more clearly estab- 
lished. CaO and MgO would not be expected to 
have equal desulphurizing effectiveness in all ranges. 

However, in the ranges encountered, variations in 
excess basicity are generally found in the CaO content 
with the MgO essentially within the amount neces- 
sary to neutralize the acids. From both the fluidity 
and desulphurizing standpoint it appears advantag- 
eous to keep the CaO much higher than the MgO. 
Further slag research should develop a more accurate 
relationship of these constituents, 

Table 7 shows some typical slag compositions re- 
presentative of several degrees of basicity. These have 
been arbitrarily grouped into mild basicity with basic- 
ity ratios 1.0 to 2.0, moderate basicity with ratios 2.0 
to 3.0, and high basicity above 3.0. 

Slag pancacke samples taken at intervals have given 
reasonably good indications of the basicity range. 
Some degree of slag control has been accomplished by 
examination of color and surface luster of slag 
samples. The mildly basic slags are generally dull 
black tending toward brown as basicity goes up and 
FeO comes down. As the basicity drops near or be- 


TABLE 7—TypicaL Basic CUPOLA SLAGS WITH VARYING DEGREES OF BASICITY 

















Metal Metal Slag Composition, % Basicity 
Flux Charge Charge Sulphur, % SiO, Al,O, FeO® MnO CaO* MgO F_= CaC,*_— S° Ratio* Slag Appearance 
Mild Basicity 
1. First Ladle, 5% Lst, 1% Sp. 50% Steel 0.079 36.5 115 134 26 261 5.7 O05 — 0.04 0.87 Glassy, black 
2. No Flux 35% Steel 0.074 $75 128 $1 13 B2 hi. — 63 1.15 Vitreous, dark black 
3 1% Limestone 40% Steel 0.061 34.3 9.4 17 #17 35 220 — — 039 158 Dull, black 
4. 2%, Limestone 50% Steel 0.064 35.1 7.8 Se FT Mee — Ce 1.47 Dull, brownish black 
Medium Basicity 
5. 4% Lst, 4% Spar 65% Steel 0.047 28.6 6.5 18 12 41.2 196 —— 0.56 2.12 Dull, brownish gray 
6. 4% Lst Hot Blast‘ 80% Steel 0.030 26.0 9.2 29 06 325 286 1.0 (0.2) 1.26 2.35 Dull, dark gray 
7. 1% CaCy, 4% Lst, 1% Spar 80% Steel 0.032 298 65 20 06 40.3 232 09 (04) 3.08 246 Dull, brownish gray 
High Basicity 
8. 4% CaC,, 4% Lst, 2% Sp. 50% Steel 0.010 18.8 12.5 04 O06 624 90 25 (25) 2.50 3.80 Powder, grayish white 
9. 5%CaC,, 5% Lst, 3% Sp. All pig 0.005 15.8 15.2 O2 01 583 86 16 (5S — 4.29 Powder, grayish white 
100% Scrap Charges with Increasing Basicity 
10. 3% Limestone 100% Return 0.069 $54 10.1 19 #19 34.1 162 —— — — 046 1.42 Dull, brownish black 
11. 4% Lst, 4% Spar 100% Return 0.051 4 (87 i2 @68 2s bi — OR 1.67 Dull, medium brown 
12. 6% Lst, 2% Spar 100% Return 0.022 30.6 7.8 07-08 423 15.2-— — 0.70 1.88 Dull, light brown 
Total CaO + MgO 
* Basicity ratio: 
SiO, 
>» Total Fe,O, and FeO determined as FeO. 
© Total calcium determined as CaO. 
“Calcium in CaC, content not subtracted from total calciumas CaO because of less reliable analysis. 





* Total sulphur determined by gravimetric precipitation as BaSQ,. 
*450 F preheated air. 
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low 1.0 and the FeO goes high, the slag approaches 
. glassy luster characteristic of acid slags. 

In the medium basicity range the slags become dark 
sray or brownish gray. In the high basicity, very low 
FeO ranges, the slags become lighter gray. In the 
highest CaO/FeO ratios the slags disintegrate upon 
cooling into a white powder, and small quantities of 
calcium carbide are found in the slag analysis. 

Operation and Control 

On comparable types of charges and coke ratios the 
basic cupola without any exothermic fluxes seems to 
melt slightly faster and at a temperature that aver- 
ages possibly 20 to 30 degrees hotter at the 2750 F lev- 
el. This seems to be accomplished by the cleaner more 
active coke washed by the basic slag. The advantage 
of basic melting in this respect seems to increase with 
high-ash coke and dirty charges. Because of better 
combustion, coke reductions can be made with re- 
sultant increases in output if chemical objectives are 
not defeated. 

With carbide additions to the charge basicity can 
be greatly increased, and much greater increases in 
temperature, desulphurization and carbon pickup 
have been produced. Further reductions in coke and 
increases in output have been accomplished. How- 
ever, when the basic cupola is justified it is primarily 
for improved chemistry or raw materials adaptation, 
and any improvements in output generally are only 
incidental. 

The effect of preheated blast is much greater on 
the basic cupola than on the acid furnace. In addi- 
tion to the usual thermal boost, the basic cupola 
becomes chemically more effective. Much higher 
temperatures and slags of higher basicity are obtained, 
resulting in lower sulphur contents and higher car- 
bon pickup. Hot blast makes the basic cupola poten- 
tially more basic. Operating the cupola for a few 
days on a 450 F blast required a coke reduction of 
25 per cent and a steel increase from 60 to 80 per 
cent for a comparable carbon content. 

A mildly basic slag is very fluid and maintains a 
very clean cupola. As the basicity increases the more 
typical basic slag chills more abruptly than an acid 
slag, especially in small quantities. The slag run- 
off requires more attention. 


Careful Control Required 


From the standpoint of chemical control the basic 
cupola is generally more complex and requires more 
careful supervision. Its complexity increases with 
the amount of work done by the basic slag. It has ad- 
vantages in some respects and disadvantages in others. 
From the standpoint of sulphur control and a suffi- 
cient manganese to sulphur ratio, control of the basic 
cupola is unquestionably superior. 

Carbon control appears to be better on a high car- 
bon iron, almost equal on a medium carbon iron, 
and more difficult on a low carbon iron. Silicon con- 
sistency can be made equal to acid performance but 
is inclined to be a little more difficult to control 
because of the greater loss. However, in basic opera- 
tion the charge frequently consists of more scrap of 
less predictable chemistry, or more of the silicon is 
added as concentrated alloy because of more steel. 
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These less consistent charge materials increase the 
risk of chemical variations within themselves irrespec- 
tive of basicity. A receiving ladle of sufficient capacity 
levels out many of these irregularities. 

Since most reactions in the basic cupola depend 
upon slag chemistry, factors effecting slag chemistry 
require better control. The flux must be calculated, 
weighed, and charged with as much accuracy as any 
ingredient. Consistent refractory consumption, uni- 
form charging, and constant quantities of dirt on 
the scrap are necessary for consistent slag control, 
because of their indirect contributions to slag chem- 
istry. Flux adjustments have been found necessary 
to compensate for changes in the physical condition 
and cleanliness of steel and cast scrap. 

From the standpoint of physical quality basic iron 
appears to have slightly better mechanical properties. 
The difference seems to be due chiefly to the lower 
sulphur content. With comparable chemistry the 
lower-sulphur iron seems less inclined toward chill, 
slightly lower in hardness, higher in deflection, and 
higher in strength to hardness ratio. These differ- 
ences are more advantageous on thin-section castings. 
The difference was more apparent on small diameter 
test bars. In larger diameter test bars the difference 
decreases to little practical significance. 


Summary 


The present work indicates that after some experi- 
ence a basic cupola can be operated without serious 
trouble. Several basic refractories and methods of 
application have been used with fair success for 
cupola lining and patching. Refractory costs may be 
expected to be twice ds high as acid refractories. Due 
to refractory cost and increased silicon loss, basic 
operation cannot be justified where sufficient mater- 
ials of good quality are available to produce acid 
iron with no quality problems. However, the added 
costs have been easily offset in a number of different 
applications either by improved metal quality or use 
of cheaper or more available raw materials. 

With increasing experience chemical control is be- 
coming almost as good as in acid practice. More 
technical supervision and attention is required on re- 
fractory practice, flux additions, and charge condi- 
tion as they affect slag composition. 

By control of flux additions and slag condition a 
basic-lined cupola may be operated at several levels 
of basicity. A less complex mildly basic slag may be 
used where the only objective is freedom from high 
sulphur troubles. A moderately basic slag may be 
used to obtain a lower sulphur and/or higher carbon 
iron with quality advantages for some applications, 
or the same chemistry may be obtained with larger 
proportions of cast scrap, steel and/or poor coke with 
economic or availability advantages. 

The basic cupola enables better utilization of poor 
grade materials along with the diminishing supply of 
select materials, reclamation of scarce alloys from 
scrap, and conservation of manganese which is not 
needed in basic melting. The chemical extremes made 
possible by the more complex slags with a basicity 
ratio over 3.0 have proved advantageous in melting 
nodular and other special irons. 
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W. R, JAESCHKE (Written Discussion):* As usual Mr. Carter 
has prepared a thorough paper and presented his data in such a 
precise manner that there is little occasion for questions. 

However, most of the data on basic cupola operation has dealt 
with gray and alloy irons and indicates a relatively high degree 
of carbon pick-up in the melt. For duplex melted malleable 
irons requiring 2.70 per cent carbon or less, a low carbon pick-up 
in the cupola is necessary. A charge for a malleable duplex 
melting cupola usually contains 50 to 55 per cent sprue (foundry 
returns), 10 per cent of silicon-bearing and other alloys and a 
maximum of 35 to 40 per cent steel scrap. With the maximum 
of 40 per cent steel, the carbon content of the charge would be 
from 1.40 to 1.55 per cent carbon depending on whether the 
sprue were of 2.30 or 2.55 per cent carbon. 

With such a charge, would Mr. Carter estimate the carbon 
pick-up to be as low as 0.85 per cent as shown in his Table 4, for 
40 per cent steel mixture and a mildly basic slag? 

Under acid slag operation, the sulphur in duplex melted mal- 
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leable irons runs as high as 0.18 per cent instead of 0.09 per cent 
as shown in Table 4 for acid practice. With a mildly basic slag, 
would Mr. Carter estimate the sulphur to be as low as 0.10 o1 
0.12 per cent? 

If basic operated cupolas could not produce iron under 2.70 
per cent carbon and 0.10 per cent to 6.12 per cent sulphur from 
a mixture as mentioned it would not be worthwhile for malle- 
able foundry duplex melting except possibly for those producing 
the high carbon cupola grade of malleable iron. 

Mr. CAarTER (Written Reply to Mr. Jaeschke): Because of the 
tendency toward higher carbon pick-up basic melting is not so 
obviously advantageous on low carbon irons like malleable. 

Low carbons in the malleable range can and have been ob- 
tained with only a mildly basic slag but with reduced desulphur- 
izing efficiency. 

In my paper “Basic-Lined Cupola for Iron Melting,” A.F.S. 
TRANSACTIONS, vol. 58 (1950), pp. 376-392, examples of some 
lower carbon irons were given. A high silicon malleable iron was 
produced with a mildly basic slag. A charge of 60 per cent steel 
and 30 per cent return, calculating 1.60 per cent C, produced 
final carbons averaging 2.59 per cent and a sulphur of 0.09 per 
cent compared to 0.12 per cent S from an acid cupola. I believe 
now lower sulphurs and carbons could have been obtained with 
less coke. 

On some experimental heats using a high sulphur, high ash 
coke a 70 per cent steel charge calculating 1.20 per cent C pro- 
duced a 2.40 per cent carbon and a 0.14 per cent S compared 
to 0.24 per cent S from acid melting. 

Renshaw reported that from a charge calculating 1.40 per 
cent carbon, final carbons of 2.60 per cent to 2.90 per cent are 
obtained with sulphurs of 0.040 to 0.070 per cent. Lower slag 
basicity should lower the carbon and raise the sulphur. 

The first basic melting of acid sprue might hardly reduce the 
sulphur from 0.180 per cent to the 0.10 to 0.12 per cent range 
if carbon is held low. But recycling the basic sprue might drop 
the sulphur to a 0.07 per cent to 0.09 per cent S equilibrium 
before experiencing excessive carbon absorption. Whether this 
will reduce annealing time sufficient to offset basic refractory 
costs I could not say. Neither could I guarantee such low car- 
bons with successful control. On the other hand cleaner cupola 
performance and reduced coke consumption might prove suffi- 
ciently advantageous to favor basic operation. With no experi- 
ence I cannot predict a net advantage but would like to see 
basic operation given a thorough trial on malleable iron. 


1The Whiting Corp., Harvey, IIl. 











SOME PRACTICAL APPLICATIONS OF 
PERMEABLE METAL CASTING PLASTER 


By 


R. F. Dalton* 


ABSTRACT 


Permeability of plaster molds for non-ferrous metal casting 
is discussed. The process describes the entraining of air into a 
formulated plaster mix wherein permeability in the mold is 
created by the connections between the finely divided air cells. 
The cellular mold structure is made by mixing with a rapidly 
rotating rubber disc which operation incorporates air cells of 
the proper size. Making molds for typical aluminum castings 
by this process is described. 

Use of plaster as a mold material for non-ferrous 
metal casting began thousands of years ago. The use 
of plaster investment molds for the production of 
bronze statuary was a well practiced art even in the 
middle ages. 

The past 25 years has seen an increase in the use of 
plaster as a molding material for non-ferrous metal 
casting. The successful incorporation of 20 to 25 per 
cent long fiber talc with plaster, has resulted in a 
suitable mold material for plaster mold castings. This 
mixture has been especially adapted to the so-called 
“Capaco” process and the pressure-cast process. The 
latter method is used extensively for production of 
pressure-cast matchplates, 

Use of plaster mold formulations for these casting 
methods has one common limitation—low permea- 
bility. In the “Capaco”’ process, the mold is dried at 
1500 F for a few hours to remove all traces of water. 
The molds may then be poured by gravity. In match- 
plate practice, the molds are dried for longer periods 
of time (12 to 24 hr) at 300 to 500 F. To aid in 
casting the metal (because the mold has a very low 
permeability) air pressure is used. Thus the objec- 
tion of low permeability in plaster molds has been 
met by high-temperature “burnout,” and by pressure 
casting. 

If molds could be quickly produced with the 
smoothness of plaster and the permeability of sand, 
then many of the problems of these plaster molds 
processes would be eliminated. 


Theory of Permeable Plaster 


A new method of producing permeable plaster 
molds was described by K. Miericke and E. Johnson! 


" *Development Engineer, United States Gypsum Co., Chicago. 
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in 1948. Use of this new plaster for producing per- 
meable plaster riser sleeves was described by K. Mier- 
icke? in 1949. Mention of this plaster was made by 
the author*® in 1950. 

The method of producing a permeable plaster mold 
is essentially the formation of a myriad of perforated 
air cells (Fig. 1) throughout the interior of the mold. 
These interconnecting air cells are the channels 
through which steam and even the air in the mold 
cavity itself can escape during the metal pouring 
operation. This ability is known as permeability, 
and it should be noted that permeable plaster differs 
from sand in the way the gas escapes through the 
mold. In sand molds, the gases pass through voids 
around the sand grains, whereas in permeable plaster, 
the gases pass through interconnecting air cells con- 
tained in the paster mold. 

Properly made and dried molds may be produced 
with a much higher permeability than is otherwise 
obtained with conventional metal casting plasters. 
The process has the further advantage of using less 





Figure 1—Mag. 25x 











Figure 2 


water, and shorter drying periods. Molds with the 
permeability of sand molds are readily made, dried at 
low (250 to 500 F) temperatures and readily poured 
by gravity. 

By using this type of plaster formulation and a new 
mixing technique, molds are made with plaster mold 
smoothness on the surface, “backed up” by a rigid 
sponge-like mass of cellular plaster. Thus molds may 
be produced with the surface smoothness of plaster 
and the permeability of sand. This increase in per- 
meability has several advantages: 

1. Molds may be poured by gravity. Heads and 
gates may be scientifically planned according to good 
foundry practice. 

2. Calcination of the mold is not required. Steam 
formed during the pouring operation may escape 
readily through the permeable plaster mold. It has 
been suggested that the formation of steam has a 
“chilling” action of the metal, resulting in a smaller 
grain size and higher physical properties.* 

3. Molds are more “true to size.” Since calcination 
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Figure 6 


is unnecessary, high temperature “burn out” is not 
needed and mold shrinkage is minimized. 


Shop Application 

The following is a description of how permeable 
plaster was used to make cored, aluminum water 
pump castings for a newly designed washing machine. 
The customer of the matchplate shop wanted 50 com- 
plete sets of castings. This would allow him to check 
the design, investigate machine shop procedure and 
to a limited extent determine customer approval on 
the finished article. The matchplate shop attempted 
to make the castings by the pressure cast method in 
“regular” matchplate plaster. Because of the small 
cored holes and the use of pressure in the casting 
operation, they were unable to produce satisfactory 
pressure tight castings. Using the permeable plaster 
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technique, they successfully filled the order. 

The pattern equipment required to make one of 
the castings is shown in Fig. 2. The pattern and core 
boxes were made of mahogany to close dimensions. 
The patterns and core boxes were water-proofed with 
lacquer and a thin coat of separator applied (regular 
foundry liquid parting and water ground mica pow- 
der) . 

The mixing operation for permeable plaster varies 
considerably from “regular’’ matchplate practice. A 
rubber disc of the proper size is used instead of the 
conventional propellor type mixer. Machine mixing 
with high shaft speeds is essential. (Note the use of 
the drill press in Figs. 3, 4 and 5). Attempting to 
produce the proper permeable structure by hand mix- 
ing is practically impossible. The mixing operation 
may be divided into three phases: 

1. Add a weighed amount of permeable plaster to 
a measured quantity of water (Fig. 3). Allow this to 
soak until the plaster is wet and then mix for a few 


Figure 9 


seconds until a uniform slurry is. produced. 

2. Raise the mixing disc in :the center of the 
bucket until half of it is visible (Fig. 4). The rapidly 
rotating disc will then entrain air into the mix. Con- 
tinue to raise the disc as the volume increases until 
the original volume has been “expanded” by 50-75 
per cent. (The amount of air added depends on the 
permeability desired.*) 

3. Lower the disc in the center of the bucket, 
below the surface of the mix, so that the disc is com- 
pletely covered (Fig. 5). Large air bubbles will then 
be drawn to the center of the bucket and down over 
the rapidly rotating disc. This action “cuts up” or 
“shears” the large air bubbles to a smaller size. Con- 
tinue to mix until they are barely visible. 

In this manner, a uniform mix is made of water, 
permeable plaster and air, all in definite proportions. 

The prepared mix is then poured (Fig. 6) over the 
properly prepared patterns and into the core boxes. 
The thin film of separator, previously applied, also 





Figure 8 


Figure 10 
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Figure 11 


acts as a “foam breaker” to produce a thin film of 
“air-free” plaster on the surface of the pattern. 

After a period of 15-25 min, the plaster is “set” 
sufficiently hard to extract the pattern. One method 
of extraction (Fig. 7) is to form a small hole to the 
pattern surface (through the permeable plaster) and 
then blow air gently down the hole. The air slowly 
forces the mold away from the pattern surfaces. Other 
methods used in the matchplate shop may be em- 
ployed. 

The completed mold and core assembly is shown 
in Fig. 8; plaster mold smoothness on the surface, 
“backed up” with a rigid sponge-like mass of per- 
meable plaster. The molds are then dried in con- 
ventional foundry core oven, Fig. 9. These particular 
molds were dried for 4 hr at 400 F. Note the moisture 
meter in the foreground in Fig. 9. This instrument 
will detect ‘free’ water and when the reading is 
below 1 per cent, the mold should be dry enough to 
cast the metal. The amount of water that must be 
removed is determined by the amount of metal 
poured, its temperature, and the ability of the mold 
to vent the steam formed during the pouring opera- 
tion. This “venting ability’’ is known as the permea- 





Figure 12 


Figure 13 


bility of the mold. 

The molds were then poured by gravity using No. 
43 aluminum alloy (Fig. 10) at 1250 F. Thus cast- 
ings may be gated and risered according to good 
foundry practice. No sudden “rush” of metal as in 
the pressure casting method, and any steam and even 
the air in the mold cavity itself is readily vented 
through the permeable plaster mold. 

The completed water pump assembly is shown in 
Fig. 11 together with a single casting and one that 
is sectioned to show the cored passages. Other ex- 
amples of aluminum castings produced by the per- 
meable plaster technique are shown in Figs. 12, 13, 
and 14. All of these castings were poured by gravity, 
thus eliminating the need for, and the disadvantages 
present in the pressure casting method. 


Conclusions 


The difficulty encountered due to the low mold 
permeability of conventicnal plaster molds is met by 
high temperature “burnout” and pressure casting me- 
thods. In mixing permeable plaster, high speed disc 
mixers are advisable in order to produce a uniform 
cellular structure in the mold, The use of permeable 
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plaster allows gravity pouring of non-ferrous metals 
vith low temperature mold drying. The use of perm- 
cable plaster molds should permit the production of 
“sounder,” smoother and more accurate non-ferrous 
astings. 
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DISCUSSION 


Chairman: Hiram Brown, Solar Aircraft Co., Des Moines, 
Iowa. 

Co-Chairman: W. E. Sicha, Aluminum Co. of America, Cleve- 
land. 

Recorder: HiRAM Brown. 

MempeR: ls it possible to produce magnesium alloy castings 
in permeable plaster molds? 

Mr. Datton: It is necessary to add inhibiting agents to 
permeable plaster molds for magnesium alloy castings. Sulphur 
and boric acid, or the fluosilicate of sodium, calcium or po- 
tassium, may be introduced into the plaster mix in order to 
provide the necessary protection. The fluosilicates retard the 
setting time and boric acid extended the setting time ex- 
cessively, 
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K. D. Love:* What are the collapsibility characteristics of 
permeable plaster cores or, in other words, what is the break- 
down temperature? . 

Mr. Darron: Core hardness and collapsibility can be in- 
fluenced by the amount of water added to the plaster and the 
amount of air stirred into the slurry. However, it may be 
necessary to wash the cores out with water. 

C. M. Lamse:? In drying plaster molds or cores, the free 
water is removed first, then the combined water is driven off 
and the gypsum dissociates at 1700 F. 

W. P. O’BriEN:* Is it possible to substitute some liquid other 
than water in the slurry? It appears that it would be prefer- 
able to employ a material like sulphur which would go 
through the solid, liquid, solid cycle. 

Mr. DaALTon: At present, water is essential in slurries for 
permeable plaster molds although a substitute material of the 
type described may be developed in the future. 

Mr. O'BRIEN: My interest in a substitute for water is an 
economic one because in producing a permeable plaster mold 
for brass casting the cost of materials was 10 to 11 cents 
whereas the drying cost was 26 cents. 

M. A. Bean:* The mechanical properties of castings pro- 
duced in plaster molds also are of great importance. Attain- 
ment of satisfactory properties generally requires that the 
plaster molds be reasonably heat conductive. As an example, 
if the heat absorptive power of the sand mold is rated as 100, 
the comparable figure for a permeable plaster mold would be 
16. 

Mr. DALTON: Permeable plaster molds obviously should not 
be used where the properties produced in the casting would 
not be adequate for service requirements. Chills may be used 
in the plaster molds to assist in accelerating the solidification 
of castings, and plaster molds provide an advantage in pro- 
ducing castings with thin sections. 

Mr. BEAN: We produced crankcases during the last war that 
were 4 ft long and weighed 190 lb in plaster molds which had 
to have the permeability of sand molds. 

O. A. Cartson:® How can the heat of reaction in setting of 
the plaster be reduced? Will this heat of reaction damage the 
parting materials applied to patterns? 

Mr. Datton: It is generally preferable to employ waxes with 
relatively high melting temperatures as the parting material. 
Carnauva wax is especially suitable and commercial floor waxes 
may be used to waterproof wood patterns and also provide a 
parting. 


1The Colonial Foundry Co., North Canton, Ohio. 


2United States Gypsum Co., Chicago. 
®*W. B. Allen Mfg. Co., Bellwood, IIl. 
*Morris Bean Co., Yellow Springs, Ohio. 
5Carlson Pattern Shop, Springfield, Mass. 








THE NATURE OF BONDING IN CLAYS 
AND SAND-CLAY MIXTURES 


By 


L. M. Diran* and H. F. Taylor** 


Foreword 


The chief purpose of this paper is to re-emphasize 
the fact that sand-clay mixtures are relatively complex 
aggregates; and that a really basic interpretation of 
bonding action will be needed before true improve- 
ment can be made in molding mixtures. Current 
understanding of clays is sketchy at best, but our 
knowledge is being increased steadily by ceramists, 
chemists, and physicists—the technology of siliceous 
aggregates is so intriguing and complex that Dr. 
Hauser at M.I.T. is suggesting a new science to be 
known as Silicic Chemistry. 

Not many years ago the authors considered clay a 
simple chewing-gum-like, material with a convenient 
propensity for sticking sand grains together. ‘There 
must be many foundrymen who still think this to be 
the case, in spite of the fact Norton, Hauser, Ries, 
Endell, Grim, and others have written that the situa- 
tion is much more complex. 

At any rate it seems desirable that foundrymen 
take a look at sands and clays periodically through 
the eyes of their more scientific brethren; this look 
might inspire a fundamental idea for improving our 
ability to make sand and clay a more obedient and 
dependable servant. This look will still leave many 
things unanswered (particularly from a _ foundry 
standpoint) ; it will surely be incomplete and _per- 
haps even incorrect since the science of the subject 
is in its early stages. But it is comforting to know we 
can at least view the field as a partially developed 
science. 

The bibliography at the end of the paper is per- 
haps the most valuable feature; this will surely be so 
if the readers will take time and trouble to read and 
study them. The authors found the scientific inter- 
pretation of bonding action described herein a valu- 
able aid to research work which will be published 
later. It is hoped others find the same inspiration, 
and that foundry science will be furthered as a result 
of it. 

*Research Associate and **Associate Professor, Department 
of Metallurgy, Institute of Technology, Cam- 
bridge, Mass. 
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Introduction 


In making molds for metal casting, two general 
types of molding sand are used. One is naturally 
bonded and the other is bonded synthetically. 

Naturally bonded molding sands consist of quartz 
grains, clay, silt, and sometimes organic matter com- 
bined as nature left them. The quartz grains range 
from about 100 to 800 microns in their largest dimen- 
sion; they may be rounded, subangular or angular in 
shape depending upon the geological history of the 
deposit. The clay particles—usually kaolin—are thin 
hexagonal plates that range in size from 0.10 to 44 
microns. The silt consists of inert ingredients—for the 
most part fine silica. Organic matter is probably de- 
composed vegetation. 

Synthetic molding sands are produced by mulling 
a plastic clay with dry silica sand, preferably of known 
particle size and distribution. The sand used may 
contain as much as 1.50 per cent residual clay, or may 
be essentially clay free. 

Pure silica sand has no bonding ability; it cannot 
be worked into a self-supporting shape. For this rea- 
son, clays capable of developing bond are required. 
The clays most commonly used in the foundry are 
sodium and calcium bentonites, and fireclays con- 
taining kaolinite and illite. 

The bentonites are highly plastic clays of the 
montmorillonite group, derived from the chemical 
and mechanical weathering of volcanic lava; their 
ideal crystal structure is shown schematically in Fig. 
|. The essential difference between sodium and cal- 
cium montmorillonite is exchangeable sodium and 
calcium ions attached between silicon-oxygen layers 
of the montmorillonite crystal. The character of the 
adsorbed ions determines the bonding power of the 
clay. Sands prepared with calcium bentonite have 
higher green compressive strength than those con- 
taining sodium-bentonite. Sodium bentonite bonded 
sands, on the other hand, have much higher dry com- 
pressive strength. Bentonite bonded sands generally 
contain 3 to 6 per cent clay and 214 to 4 per cent 
water. 

Illite and kaolinite clays also (Figs. 2 and 3) devel- 
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Fig. 1—Schematic presentation of montmorillonite after 
Hofmann, Endell and Wilm.' 
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Fig. 2—-Schematic structure of kaolinite crystal after 
Gruner. 
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Fig. 3—Schematic structure of illite crystal after Grim, 
Bray and Bradley.* 














Fig. 4—Fractured kaolinite crystal showing unsaturated 
areas due to broken valence bonds after Johnson and 
Norton.® 











Fig. 5—Micelle of a kaolinite fragment showing position 
of adsorbed cations after Johnson and Norton.* 
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Fig. 6—Schematic sketch of a sodium-kaolinite micelle in 

a water medium; the hydroxyl ions are represented by 

negative signs and the positively charged counterions by 

positive signs according to Johnson and Norton.® The 

electrostatic forces associated with the micelle are plotted 

as functions of the distance from the site of the negative 
surface potential. 
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op useful bond strength when properly hydrated. Il- 
lite bonded sand contains from 5 to 7 per cent clay, 
and 4 to 6 per cent water is generally required to 
develop maximum bonding strength. Kaolinite bond- 
ed molding sand contains approximately 15 per cent 
kaolin and the moisture required to develop its maxi- 
mum strength ranges from 5 to 8 per cent. Both 
illite and kaolinite clays develop useful dry strengths. 


Green Bond Strength in Molding Sands 


Electron photomicrographs* show that kaolinite 
particles are thin hexagonal plates. They are formed 
by fracturing parent monoclinic crystals along crystal- 
lographic planes parallel and normal to the c-axis. 
Broken valence bonds are located at the free faces of 
the kaolinite particles (shown schematically in Fig. 
4). The net electrical charge upon a dry kaolinite 
plate is zero since they exist as discrete particles. 

During hydration water dissociates and hydroxyl 
ions are preferentially adsorbed upon free surfaces of 
clay plates. This clay-water hull is shown schematic- 
ally in Fig. 5. Upon adsorbing hydroxyl ions (OH-), 
clay particles become negatively charged.* As such, 
the clay-water hull attracts positively charged ions 
(H+) in the surrounding medium. The positively 
charged counterions together with the clay particle 
and adsorbed hydroxyl ions make up the double dif- 
fuse layer of a hydrated clay plate. The clay particle 
surrounded by its double diffuse layer is called a clay 
micelle (illustrated schematically in Fig. 6). The 
dotted circle of Fig. 6 denotes the theoretical limit of 
the water hull in which are contained adsorbed hyd- 
roxyl ions and most of the positively charged count- 
erions. 

Electrostatic attraction forces (in regard to a posi- 
tive charge source) associated with an isolated clay 
micelle are attributed to the adsorbed hydroxyl ions, 
and electrostatic forces of repulsion are due to the 
presence of positively charged counterions. The mag- 
nitudes and spheres of influence of the repulsion 


*This is due to an excess of negative charges in the micelle 
(Fig. 5). Electrodialysis experiments show hydrated clay plates 
move from the vicinity of the cathode through the free med- 
ium, water, to the anode; consequently, they must be negatively 
charged. 
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forces depend upon the type of counterions* (Na+ 
H+, K+, Cat+ and Ba++) in the double diffuse layer 
In Fig. 6 the intensities of both electrostatic attrac 
tion and repulsion forces are plotted as functions o! 
the distance from the site of the free surface charg: 
(i.e., the adsorbed hydroxyl ion —-OH’). The poin: 
d, is assumed to be the mean position from which the 
electrostatic repulsion forces of all counterions in the 


*Ions attached to free surfaces of clay particles. During 
hydration these ions behave much like hydrogen counterions. 
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Fig. 8—The effect of intermicellar spacing upon the at- 
traction and repulsion forces between two clay micelles 
(dipole). 





Fig. 7—-Sketch schematically showing the localized con- 
centrations of hydroxyl and positively charged counterions 


in clay micelles obtained in dipole formation. The dis- 
tance x is the theoretical equilibrium distance between 


dipole elements. 
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double diffuse layer are considered to act. From the 
curves for sodium-kaolinite in a pure water medium 
(Fig. 6) the intensities of both attraction and repul- 
sion forces decrease progressively in magnitude with 
distance from the site of the surface charge. The 
intensity of the repulsion forces decreases more rap- 
idly with distance than does the intensity of the at- 
traction forces. 

Repulsion forces are dominating to the left of point 
d,. The net force is zero at point P, which has been 
computed to lie a short distance outside the sodium- 
kaolinite micelle. If hydrated sodium-kaolinite par- 
ticles are permitted to align themselves in a water 
medium, they will approach each other until a cer- 
tain minimum intermicellar distance is attained. The 
minimum intermicellar spacing is defined as the dis- 
tance between the point P and the edge of a neigh- 
boring micelle. This is true if intermicellar attrac- 
tion (bonding) depends solely upon the electrostatic 
forces associated with the adsorbed hydroxy] ions, and 
positively charged counterions in the outer layers of 
the micelles. 

The electrostatic forces associated with hydrated 
clay particles are relatively small and their spheres of 
influence extend only short distances outside the mi- 
celles.6 These forces do not account for the total 
bond realized between clay micelles. Hydrated clay 
particles are drawn together over distances that ex- 
tend well beyond the spheres of influence of the elec- 
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trostatic forces associated with the micelles. Obvious- 
ly, other forces must exist that exert a greater in- 
fluence upon neighboring particles than do electro- 
static forces. 

As shown schematically in Fig. 6, the double dif- 
fuse outer layer of the clay micelle contains both 
hydroxyl ions and positively charged counterions. 
When a number of hydrated clay particles exist in 
an aqueous medium, as they do in molding sand, 
negative hydroxyl ions in the double diffuse layer of 
one micelle exhibit an attraction for clay centers of 
neighboring micelles, and for their positively charged 
counterions. Hydrated clay particles also tend to 
repel one another; this is due to the mutual repulsion 
of like ions in double diffuse layer and clay centers 
of neighboring micelles. 

Attraction and repulsion forces between neighbor- 
ing micelles effect localized concentrations of ad- 
sorbed hydroxyl and positively charged counterions 
(Fig. 7), and the clay micelles (dipoles) tend to be 
drawn together. The magnitudes of attraction and 
repulsion forces, and the average intermicellar force 
of hydrated clay dipoles are presented as functions of 
intermicellar distance in Fig. 8; the curves show the 
net intermicellar force is one of attraction, which 
increases in magnitude as the intermicellar distance 
decreases. Maximum average attraction force (A), 
i.e., the bond between hydrated clay particles, is 
realized when micellar dipoles are a critical distance 








































































































































































































Fig. 9—Schematic illustration of the clay dipoles as in green sand. 
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(x) apart. The structure of the hydrated clay clus- 
ters about sand grains may be described as networks 
of micellar dipoles which are retained at finite dis- 
tances from one another by strong intermicellar forces. 
The resultant disposition of clay dipoles (a state of 
minimum energy) is illustrated schematically in Fig. 
9. In the moist (green) condition, intermicellar spac- 
ings are filled with water.? 

Viscosity measurements of several clay-water sys- 
tems of equal concentration indicate the cohesion 
(bond) between hydrogen-kaolinite micelles is strong- 
est of all, the bond between hydrated sodium-kaolin- 
ite particles, weakest, and calcium-kaolinite micelles 
develop bonds of intermediate strengths.’ Sand test 
data show molding sands bonded with calcium ben- 
tonite develop greater green strength than sodium 
bentonite sands. Apparently, the intensity of bond 
between clay micelles is materially affected by the 
kind of metallic ion adsorbed in the free surfaces of 
clay particles. A comparison of sodium- and hydro- 
gen-kaolinite micelles (Figs. 6 and 10) shows small 
ionic size and low degree of ionic hydration favor 
thin double diffuse layers, and hence low repulsion 
forces. Assuming that attraction forces for a_par- 
ticular clay micelle are unaffected by the kind of ions 
adsorbed on surfaces of clay particles, those ions ef- 
fecting low repulsion forces favor a greater bond be- 
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Fig. 10—Schematic sketch of a hydrogen-kaolinite micelle 

in a water medium indicating the variation in electrostatic 

forces as a function of distance from the site of the nega- 
tive surface potential (Johnson and Norton®). 
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tween clay micelles. The average intermicellar force: 
are presented in Fig. 11 as functions of intermicellar 
spacing for hydrogen, calcium and sodium clays; 
maxima of average intermicellar force curves repre- 
sent maximum bonding strengths of the three clays. 
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Fig. 11—Schematic presentation of the net intermicellar 
force as a function of intermicellar spacing for hydrogen-, 
calcium- and sodium-kaolinite micelles. The minima of 
these curves indicates the magnitude of intermicellar 
bond strength. 


Illite- and montmorillonite-bearing clays form clay- 
water micelles in much the same way as kaolinite. 
Sodium-montmorillonite, the active clay mineral in 
sodium-bentonite, forms complex micelles; owing to 
its loosely-bonded crystal structure, sodium-montmoril- 
lonite crystals can absorb from one to four layers of 
water molecules between adjacent silicon-oxygen 
sheets (layers A and B, Fig. 1). The absorption of 
water causes the lattice to expand. Just how water is 
absorbed within the sodium montmorillonite crystal 
has not been determined conclusively. Bradley, Grim 
and Clark® consider the sodium montmorillonite cry- 
stal to absorb water in steps. The initial expansion 
occurs when the first continuous sheet of water di- 
poles, one molecule thick, penetrates the crystal lat- 
tice. 

Additional expansions are realized as the second, 
third and fourth continuous sheets of water dipoles, 
each one molecule thick, assume position between 
adjacent silicon-oxygen layers (A and B, Fig. 1) in 
the sodium montmorillonite crystal. Magdefrau and 
Hofmann® and Nagleschmidt,’® on the other hand, 
consider the swelling of sodium montmorillonite a 
continuous rather than step-like process; the swelling 
increases progressively and continuously as more water 
penetrates the crystal lattice between layers A and B, 
Fig. 1. Maximum swelling results when the silicon- 
oxygen sheets have become separated a distance equal 
to the thickness of four water molecules. 

As a sodium-montmorillonite crystal absorbs more 
and more water, the distance between adjacent sili- 
con-oxygen layers in the crystal lattice increases. The 
magnitude of the attraction forces decreases accord- 
ing to Coulomb’s equation, 
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Fig. 12—-Two-dimensional network of a quartz particle. 

Silicon atoms located on the free surfaces of a quartz 

particle are positively charged and oxygen atoms, nega- 
tively charged. 


qi - We 
F = k ———__, 
r2 

where F is the magnitude of the attraction force; , 
a proportionality constant; q, and qp, the intensities 
of the net electrostatic potentials on each silicon- 
oxygen layer, and r, the distance between adjacent 
silicon-oxygen sheets in the lattice. It is apparent 
that the shearing forces required to distort a sodium- 
montmorillonite micelle decrease with increasing 
amounts of water absorbed in the micelle. The de- 
crease in stress required to deform a sodium-mont- 
morillonite micelle is of practical importance. When 
sodium bentonite, silica sand and water are mixed 
together in a sand mill, the shear forces developed by 
the action of the mulling wheels cause “swollen” 
sodium-montmorillonite micelles to become elon- 
gated and so effect a more nearly complete coverage 
of sand grains.+* 

Shop operations have proved hydrated bentonites 
are three to five times stronger than either illite or 
kaolinite clays. The bonding efficiency of clay is 
largely a function of its surface area, since micelle 
formation is a surface reaction between clay particles, 
and hydroxyl! ions and positively charged counterions. 
On a unit weight basis, greater micelle formation is 
realized with clays of finer particle size (greater sur- 
face area). As shown in Table 1, bentonites are ap- 
preciably smaller in particle size and provide greater 
surface area per unit weight than other clays com- 
monly used in the foundry. 


TABLE 14—-AVERAGE PARTICLE SIZE IN MILLIMICRONS 
OF SEVERAL COMMON CLAY MINERALS 





Clay Thickness Width 
Sodium-montmorillonite CO ee 
Calcium-montmorillonite 1 100-300 
Kaolinite 20 100-250 
Illite 20 100-250 
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Heretofore, the discussion has been limited to de- 
velopment of bond between hydrated clay particles. 
Bond is also realized between hydrated clay particles 
and quartz grains. A quartz grain consists of a con- 
tinuous network of silicon and oxygen atoms as in- 
dicated schematically in Fig. 12. There are unsatisfied 
positive and negative valence bonds at free surfaces 
of quartz crystals. In aqueous media, quartz, like 
clay particles, preferentially adsorb hydroxyl ions, 
and the subsequent attraction of positive counterions 
forms double diffuse layers about quartz centers. 

The net electrostatic charge associated with a quartz 
particle is negative;* just outside the limits of an 
isolated micelle, the net electrostatic force, although 
very weak, is one of attraction. The net intermicellar 
force between hydrated quartz particles is also very 
small as shown in Fig. 13; consequently, the overall 
bond (net electrostatic and net intermicellar forces) 
is very small. When a mixture of clay and sand is 
hydrated, micelles of clay and quartz are formed. The 
bond is due in part to satisfaction of the net electro- 
static attractive forces between clay and quartz mi- 
celles and in part to the net intermicellar forces be- 
tween clay and quartz dipoles. The bond between 
clay and quartz micellar dipoles is equivalent to the 
net intermicellar force (B)* in Fig. 13 and the crit- 
ical intermicellar spacing is equal to distance (y). 


*Hydrated quartz particles are found to gather at the anode 
of an electrodialysis cell. 

* The net intermicellar force is equivalent to the graphical 
difference between the attraction and repulsion forces of clay 
and quartz micelles. 
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Fig. 13—Schematic presentation of intermicellar forces 
as a function of the space between hydrated quartz 
particles. 
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Dry Strength in Molding Sand 


Green molding sand consists of clay and quartz 
micelles firmly held a finite distance apart; the inter- 
micellar voids are filled with extraneous water. In 
this condition, clay and quartz micelles (dipoles) 
orient themselves to form an aggregate of minimum 
free energy (Fig. 15). The magnitudes of bonds be- 
tween hydrated clay particles, as well as between clay 
and quartz micelles as a function of intermicellar 
spacing, are obtained from the average intermicellar 
force curves in Figs. 8 and 13. 

The intermicellar spacing in green molding sand 
is considerably greater than the critical intermicellar 
spacing (x) and (y) in Figs. 8 and 13. As a molding 
sand dries in air, it shrinks in volume, and clay and 
quartz dipoles move closer together. The decrease in 
volume is due solely to evaporation of extraneous in- 
termicellar water. Decreases in intermicellar spacing, 
as indicated in Figs. 8 and 13, effect increases in bond 
(average intermicellar force). 

Maximum bond is approached as the molding sand 
attains its minimum volume; at this stage of drying, 
micelles have attained their critical intermicellar spac- 
ing and bonds between hydrated clay particles and 
between clay and quartz micelles are equal to the max- 
ima (A and B) of the average intermicellar force 
curves in Figs. 8 and 13. Thereafter, additional dry- 
ing of molding sand evolves intermicellar water; how- 
ever, no additional increase in bond is realized since 
hydrated clay and quartz particles have previously 
attained their critical intermicellar spacing. 
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Fig. 14—Schematic presentation of intermicellar forces as 
a function of the space between clay and quartz micelles. 
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Laboratory results show sands bonded with sodium 
bentonite develop dry bond strengths considerably 
greater than those bonded with calcium bentonite, 
illite or kaolinite clays. The marked difference in 
bonding ability is due to the structure of the hydrated 
clay networks about sand grains. Unlike other clay 
minerals, sodium montmorillonite, the active bond- 
ing agent in sodium bentonite, absorbs water within 
its crystal lattice and swells; as mentioned above, hy- 
drated sodium bentonite can be deformed into long, 
thread-like plates. When sodium bentonite bonded 
sands were packed into a dense mass, the distorted 
clay plates, bonded to one another, form a continuous 
network throughout the molding sand. On drying, 
this strongly knit and continuous network is capable 
of resisting relatively high shear stresses. 


Conclusions 


During hydration of molding sands, double diffuse 
layers are formed by the adsorption of hydroxyl ions 
and positively charged counterions on free faces of 
clay and quartz particles; hydrated particles are called 
micelles. Green molding sand consists of hydrated 
clay and quartz particles (dipoles) firmly held at fixed 
distances apart in space; intermicellar voids are filled 
with extraneous water and the space between micelles 
depends upon the amount of free water. The bond 
between hydrated clay particles and between clay and 
quartz micelles is due in part to the net electrostatic 
forces between hydrated particles, and in part to the 
net intermicellar forces between micellar dipoles. 

The types of ions (H+, Na+ and Ca++) absorbed 
on the surfaces of clay particles have a marked effect 
on the magnitude of bond between hydrated clay 
particles as indicated by viscosity measurements of 
various clay-water systems. Clay micelles whose sur- 
face-adsorbed ions are small in size and hydrate slight- 
ly develop relatively great bond strength. This is due 
to their forming thin double diffuse layers which favor 
low repulsion forces. The greater green bond ob- 
tained in molding sands bonded with calcium ben- 
tonite is attributed, in part, to this phenomenon. 

Kaolinite, illite, and sodium and calcium mont- 
morillonite clays behave very much alike in aqueous 
media; the net electrostatic and net intermicellar 
(dipolar) forces effect bonding between hydrated clay 
particles. Of these clays, sodium montmorillonite is 
unique for it absorbs water within its crystal lattice 
and swells. In this state, it is possible to distort sod- 
ium montmorillonite micelles, which form a continu- 
ous network throughout the molding sand. On this 
basis, sodium montmorillonite micelles should de- 
velop greater bond in green molding sand; but owing 
to the relatively low shear stress required to deform 
the swollen sodium montmorillonite lattice, calcium 
montmorillonite micelles are more effective in devel- 
oping green bond. On drying, the continuous sodium- 
montmorillonite micellar network throughout the 
molding sand is strongly-knit and resistant to high 
shear stresses; it is due to this network that sodium 
bentonite develops stronger dry bond than the clays 
commonly used in the foundry. 

Surface area markedly influences the magnitude of 














... M. DirAN AND H. F. TAYLOR 


es 2 


~ . Hydrated 
S) ‘\ YY quartz 


grain 





+ 


























Fig. 15—Schematic illustration of disposition of hydrated 
quartz grains and clay micelles in green molding sand. 


micellar and intermicellar forces; clays of large sur- 
face area (fine particle size) common to the benton- 
ites are most effective as binders in molding sand. 

The evaporation of extraneous intermicellar water 
in green sand effects a decrease in volume. The dis- 
tance between micellar dipoles decreases and the aver- 
age intermicellar force or bond between hydrated par- 
ticles increases. Maximum bond or dry strength is 
attained when hydrated particles are a critical inter- 
micellar distance apart. Additional drying does not 
effect an increase in bond even though more inter- 
micellar water is evolved. 
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DISCUSSION 


Chairman: C. C. SicerFoos, Michigan State College, E. Lan- 
sing, Mich. ; 

Co-Chairman: V. M. Rowe, Archer-Daniels-Midland Co., 
Cleveland. 

Recorder: F. P. GortrMan, Standard Sand Co., Grand Hav- 
en, Mich. 

O. J. Myers:* How much of the bonding action is due to 
surface tension and how much is attributed to micellular 
forces? 

Mr. Taytor: This is impossible to determine. However, 
electrostatic forces are not considered to be the main bonding 
forces. Interparticle forces and surface tension are basic fac- 
cors and additional research is required to further evaluate these 
factors. 

D. C. WittiaMs:? A paper recently published in France gives 
some indications that the double layer theory is not a true 
picture. Are you familiar with this work? 

Mr. TAyLor: I am not familiar with this paper. However, 
it makes no difference as something is present. The present 
double layer theory has been the basis of a great progress in 
ceramic research. Thus if the double layer is not absolutely 
correct, we do know that interparticle forces and surface ten- 
sion are still operating and are important. It is the purpose of 
this paper to direct attention to these fundamental forces as 
a foundation for bonding action. 

J. R. Smacy:* Has all this theory any practical application? 

Mr. TAyLor: Yes. With the basic knowledge obtained from 
a study of these fundamental factors one can adjust the pH 
of the water to the type of clay you use or add chemicals to 
develop desired properties. 

1Archer-Daniels-Midland Co., Minneapolis, Minn. 


2Ohio State University, Columbus, Ohio. 
8U. S. Naval Ordnance Test Station, China Lake, Calif. 
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AIR POLLUTION 
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ABSTRACT 

The air-borne contaminants from a foundry are classified as 
dust, fumes, and noxious gases. They originate at many points 
in the foundry. Particle size is the most important property of 
solid contaminants. Each foundry finds itself in a different 
situation because the nature of the operation differs from 
foundry to foundry and because location of the foundry is of 
great importance. The foundryman and the local air-pollution 
control authorities should cooperate in working out an individ- 
ual program for collecting dusts and fumes, employing the 
knowledge and research methods at hand. 

The technical methods for controlling air pollution are fairly 
well developed. These include dry inertial collectors, and wet 
scrubbers which have a wide range of efficiencies and also a 
wide range oj costs. Filtering methods and electrostatic pre- 
cipitators are among the most efficient dust collectors. Several 
newer methods are going through the production development 
stages. 

In spite of a number of factors which partially offset the cost 
of air-pollution control, cleaning air rarely yields a net profit. 
The actual cost will depend largely on the amount of cleaning 
required by the local conditions. The public will eventually pay 
this cost. 


The Problem 


‘The foundryman has a definite interest and a re- 
sponsibility in preventing excessive discharge of waste 
into the atmosphere. But how much waste can be 
discharged into the air before we say the discharge 
is excessive or that the air is “polluted”? A few de- 
cades ago, dense clouds of smoke coming from the 
stacks of our industrial plants were regarded as a 
sign of prosperity, and nothing short of a dense 
cloud of noxious fumes would have been described as 
air pollution. On the other hand, refreshing country 
air contains wind-borne dust, pollen, and gasses from 
decaying vegetation. 

The present trend is to define some concentration 
of contaminants between these two extremes as ex- 
cessive. Air is regarded as polluted when the concen- 
tration of contaminants exceeds that which is in- 
jurious to property, to health, or to human comfort. 
For the most part, therefore, air pollution is of great- 
est concern in large centers of industrial activity. 
Overloading of the air with dirt may result from 
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numerous small sources of contaminants over a large 
area, or a single concentrated source, or any combina. 
tion of these two conditions. Smoke and fly ash from 
industrial stacks, railroad locomotives, or the chim- 
neys of homes and schools are the most obvious 
sources of contaminants. Burning trash and leaves in 
metropolitan areas, gob piles in coal-mining areas, 
and the exhaust from Diesel locomotives and trucks 
or even passenger automobiles also contribute their 
share of contaminants. It can be seen that the found- 
ry, in most cases, is just one of the many sources of 
air pollution in a community. 

Aside from the contribution of the foundry to the 
over-all burden of contaminants in an industrial area, 
the foundry, as an individual industrial plant, has a 
problem of community relations. When the neigh- 
bors see nothing but smoke pouring from the foun- 
dry, they get the impression that the foundry is a 
smoky, dirty place. They are inclined to blame their 
dirty washing on the smoke that they can see, even 
though the actual source of the dirt may be some dis- 
tance away or perhaps just the general condition of 
that particular area. 

One of the problems facing the foundry is that of 
attracting young men to work in that industry. Cer- 
tainly a reputation for smoke and dirt does not help 
the foundry solve this problem. 


Each Foundry is an Individual Control Problem 


To those who have studied air-pollution problems, 
it is evident that each plant presents an individual 
problem. The methods for reducing contaminants 
must be tailored to fit this individual situation. The 
municipal and county programs, in each case, form 
the backbone of air-pollution control. Each com- 
pany within a local air-pollution control district 
should work out its own program in cooperation 
with the local air-pollution control engineer. Any 
program of air-pollution control should make the 
widest use of the knowledge that is available. 

The first information required in setting up an 
individual program for the control of air pollution 
is a knowledge of the physical and chemical nature 
of the contaminants emitted into the air, especially 
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their particle-size distribution. The concentration of 
he contaminants and the points at which they leave 
the plant also need to be known. Other important 
factors are the natural surroundings of the plant and 
locations of population centers and farms. Of equal 
importance are the atmospheric conditions under 
which the contaminants are found objectionable. 

In the dispersion of air-borne contaminants, the 
nature of the country and the atmospheric condi- 
tions play major roles. Flat country, especially near 
the Great Lakes where strong winds are frequent, 
favors the rapid dispersal of dust, fumes, and nox- 
ious gases. Narrow, deep valleys furnish pockets in 
which contaminants may collect to form relatively 
high concentrations. ‘Temperature inversions which 
form over pockets in the land stabilize the air and 
prevent the normal vertical dispersion of contamin- 
ants. A temperature inversion is a condition in which 
the air at ground level is colder than the air above it. 

Los Angeles county is an outstanding example of 
the influence of the nature of the land surface and 
atmospheric conditions on the buildup of contami- 
nants over an industrial area. In Los Angeles county, 
a large concentration of industry is situated in a 
basin surrounced on three sides by mountains. Tem- 
perature inversions, in effect, put a lid on this basin. 
Because they cannot get out of the basin, smoke and 
fumes and noxious gases frequently build up for 
several days. Fogs, rolling in from the ocean, com- 
bine with the concentration of man-made contami- 
nants to create a powerful eye-irritating smog. It is be- 
cause of this set of conditions, which are abnormal 
for most of the rest of the country, that the air-pollu- 
tion standards for Los Angeles must be so rigid. 


Devices for Analyzing Air-Borne Contaminants 


There are well-established technical methods for 
determining what are the air-pollution problems of 
any individual industrial plant. These methods util- 
ize devices for collecting and analysing the air-borne 
contaminants. Analysis of an individual foundry’s 
contribution to air pollution can be made right at 
the source. For example, the amount and nature of 
emissions from a cupola can be determined. Measure- 
ments of dirt falling on the surrounding community 
also can be made. A new device, developed at Bat- 
telle, not only determines the amount of dirt fall but 
also establishes the direction from which dirt is com- 
ing.t A knowledge of the direction from which the 
dirt is coming is of special interest in determining 
whether the contaminants are of local origin or have 
been blown in from another area or community. 

Devices for measuring the influence of the surface 
of the land and the atmospheric conditions on the 
dispersion of contaminants are also in use. For stud- 
ies just above ground level, instruments have been 
attached to fixed structures. A new technique uses a 
kite balloon to carry weather instruments and air- 
sampling devices up to altitudes of 500 ft or high- 
er.1.2.3 In highly industrialized areas, these methods 
provide the tools for securing a three-dimensional 
picture of contamination of the air. 


The Nature of Air-Borne Contaminants 


An effective program for controlling air pollution 
from the foundry must be based on a knowledge of 
the origin and nature of the contaminants that .are 
emitted into the air. It is customary to divide the 
contaminants into four principal classes: (1) smoke, 
(2) dusts, (3) fumes, and (4) noxious gases. Smoke 
is defined as the solid or liquid particles resulting 
from incomplete combustion of organic materials. 
Soot is an example. Dusts are solid particles of any 
nature which have been produced by mechanical pro- 
cesses and released into the air. Particles of iron and 
abrasive from the grinding of castings are typical 
dusts found in the foundry. Fumes are solid or liquid 
particles in the air, commonly generated by sublima- 
tion, vaporization, or chemical reactions. The white 
fumes liberated during the baking of cores, and the 
brownish fumes which arise from hot iron or steel 
are typical examples of fumes in the foundry. Sul- 
phur dioxide and carbon monoxide are typical nox- 
ious gases with which the foundryman is familiar. 

Probably the most important property of contam- 
inants is their particle size.* Particle size coupled with 
density and shape determines the distance contami- 
nants will travel in air before they settle to the 
ground. Visibility of contaminants is determined by 
the number and size of the particles in the air and by 
the degree to which moisture condenses on the par- 
ticles to form fog. Finally, the particle size of the con- 
taminants determines what methods of sampling and 
analysis can be used for studying the air and what 
type of equipment can be used for separating the con- 
taminants from air, and for their subsequent disposal. 

In view of the importance of particle size in air- 
pollution control, the foundryman should have an 
idea of the size of particles involved. The size of 
smoke, dust, and fume particles is commonly expressed 
in terms of the average diameter of the particles mea- 
sured in microns. A micron is 1/1000 of a millimeter, 
or 1/25,400 of an inch. The size of particles in the 
air may range from over 1000 microns for raindrops 
to considerably less than 0.01 micron for sulphur di- 
oxide and other gases. Several other examples which 
are useful in visualizing the size of the particles are: 
(1) a 50-mesh sand has an average diameter of 295 
microns, (2) a 325-mesh silt has a diameter of 44 
microns, (3) the smallest particle visible to the naked 
eye is 10 microns in diameter, and (4) the particles 
in tobacco smoke have an average of about 0.3 mic- 
ron. 

Particles below | micron in diameter tend to stay 
suspended in quiet out-door air almost indefinitely, 
whereas those larger than 1 micron tend to settle at 
a more or less rapid rate. In agitated air, such as 
found in foundries and other industrial plants, par- 
ticles 10 microns or larger in diameter may stay sus- 
pended in the air for a considerable length of time. 

The range of particle size for a number of indus- 
trial dusts and fumes is shown by means of bars in: 
Fig. 1. Foundry dusts include such coarse particles. 
as the cinders and other debris blown out the stack 
of a cupola and the finer dusts from the foundry 
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Fig. 1 —Particle Size of Industrial Aerosols and Equipment for Cleaning Gases 


shake-outs and cleaning room. Metallurgical fumes 
comprise such contaminants as the brownish fumes 
coming off the electric or open hearth, and that part 
of the cupola and the non-ferrous-melting furnace 
emissions resulting from volatilization and oxidation 
of the metallic constituents of the charge. 

It is apparent that the foundryman must con- 
tend with the entire range of particle sizes considered 
to be air contaminants. For the sake of economy in 
controlling the air contaminants, the foundryman 
should use the type of collection equipment that will 
do each job at the lowest cost. 

The particle-size ranges for which broad classes of 
collecting equipment are effective are shown in the 
lower half of Fig. 1. Additional details on collect- 
ing equipment are given in a later section. 


Source of Contaminants 


Air-borne contaminants come from many points in 
the foundry. In many cases, the melting department 
is a major source. In fact, the melting department 
has been the first to attract the attention of air-pol- 
lution control authorities in many cities. The electric 
furnace and open hearth for steel and iron melting 
emit clouds of reddish-brown fumes, especially during 
melt-down when the charge is not protected by the 
slag, and then again at the end of the heat when the 


metal is at its maximum temperature. The advent 
of the oxygen boil in steelmaking has aggravated the 
fume problem. 

The open-top cupola belches forth a stream of hot 
gases clouded with solid particles. The coarsest par- 
ticles are the size of coarse sand. The finest particles 
must be viewed with an electron microscope to distin- 
guish them. Coarse particles settle on the foundry 
roofs, yards, and on the foundry’s immediate neigh- 
bors. The finer particles drift away to settle at some 
distance from the foundry. Sulphur dioxide, formed 
from sulphur in the coke, and unburned fumes from 
oily scrap add their characteristic unpleasant odors. 

A typical sample of the cupola stack-gas emissions 
will contain on the order of 35 per cent of its par- 
ticles in the zero to 5-micron range and about 50 per 
cent of the particles will be over 44 microns (325 
mesh). The remaining 15 per cent will be spread out 
over the range of 5 to 44 microns. The concentration 
of particles above 44 microns (325 mesh) is chiefly 
dust and debris consisting of broken coke, fine metal 
chips, rust, sand, and dirt, which are picked up by 
the rising gas stream and carried out the stack. The 
particles in the 0 to 5-micron range are chiefly fumes 
from the volatilization and oxidation of iron, silicon, 
manganese, and certain tramp elements by the in- 
tense heat of the melting zone. These fumes are 
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largely responsible for the opacity or color of the 
stack gases, primarily because there are so many par- 
ticles in a given weight of fume as compared to a 
given weight of the coarse particles. It takes 1000 
particles, 1 micron in diameter, to weigh as much 
as one particle 10 microns in diameter. 

The core room also is a major contributor of 
fumes in the atmosphere in and around a foundry. 
Fumes given off from core oil and cereal binders 
during the baking of cores are pungent and irritat- 
ing. A host of obnoxious compounds have been 
identified in the fumes given off by linseed oil dur- 
ing drying. These include acrolein, formic acid, ac- 
etic acid, acrylic acid, butyric acid, carbon monoxide, 
and a number of other volatile products.5 Presum- 
ably, many of these same compounds are generated 
during the baking of cores and also during casting 
and- shake-out of molds containing cores. 

No entirely satisfactory substitute for core oil has 
been developed which does not give off fumes and 
odors. In some cases, the odors of the substitutes 
were more obnoxious to many foundrymen than the 
odors from core oil. 

The shake-out and cleaning room are also sources 
of large quantities of fumes, dusts, and noxious gases. 
In the shake-out, large quantities of hot sand are 
suddenly exposed to air. Particularly where many 
cores are used, large quantities of fumes and noxious 
gases are generated by the incomplete combustion of 
organic materials in the mold. Added to this burden 
are fine sand and binder materials thrown in the air 
by mechanical agitation used to shake the molding 
material off the casting. In the cleaning room, the 
problem is mostly one of dust generated by such op- 
erations as chipping, blasting, and grinding, although 
metal and other fumes do arise from welding opera- 
tions. 

Miscellaneous sources of air contamination in the 
foundry are open fires, handling of dry sand before 
it is tempered, parting agents, metal fumes from the 
ladle during transfer and pouring, and mold gases. 
The foundry pattern shop also has its dust-control 
problem. In this case, however, the materials involved 
are woodworking shavings, chips, sawdust, and, if 
metal patterns are used, there is the possibility of 
metal and abrasive dust. 


Methods for Control 


The industrial hygienists have developed excellent 
methods for reducing the concentration of contami- 
nants in the air within the foundry. They have ap- 
proached the problem from several angles, among 
which are (1) to prevent or to reduce the production 
of dust, fumes, or noxious gases, (2) to reduce the 
use of materials which give rise to dust, fumes, and 
noxious gases, (3) to provide personal safety equip- 
ment to prevent inhalation of dust, fumes, or noxious 
gases, and (4) to extract the dust and fumes from the 
various points in the plant where the contaminants 
are generated. 

The extracted dust- and fume-laden air may be 
exhausted directly into the atmosphere outside the 
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foundry. If the burden of dust and fumes of this air 
is great, the air must be passed through an air cleaner 
to avoid air-pollution problems. The foundryman is 
then faced with making a decision as to what type of 
dust collector to use. 

Control of air pollution starts with the dust hood 
and ducts to convey the dirt-laden air to the collec- 
tors. Much good engineering has gone into dust 
hoods and ducts. Since the principles are well known, 
the subject will not be discussed here except to men- 
tion one of the problems encountered in the foun- 
dries that have applied dust control to existing plants. 
In most instances, space is at a premium, and dust- 
control equipment must be built into extremely lim- 
ited space. This leads to a temptation to use hoods, 
piping, and collectors of inadequate size. 


Available Types of Dust Collectors 


The technical methods for cleaning dirty air and 
gases discharged into the atmosphere are fairly well 
developed. The proper selection and application of 
cleaning equipment depends on a knowledge of the 
types of collectors available and their performance. 
Dry inertial collection methods are the most econom- 
ical but have definite limitations. These methods de- 
pend on gravity or the momentum of a particle to 
carry it out of the gas stream. In its simplest form, 
the dry collector is merely a settling chamber or an 
enlargement in the duct carrying the dust-laden gas. 
Practical limitations on the size of such chambers do 
not permit designs with low enough gas velocities to 
extract fine particles. The minimum particle size 
normally collectible in a settling chamber is on the 
order of 40 to 80 microns, depending on the design. 

The cyclone collector is a widely used collector of 
the inertial type. By introducing the dust-laden gas 
tangentially into a circular chamber, a centrifugal 
motion is created which throws the dust particles to 
the side where they deposit, or drop to the cleanout 
in the bottom, 

Decreasing the diameter of the cyclone makes the 
gas travel in a tighter circle and increases the centri- 
fugal force for throwing the dust out of suspension. 
The small-diameter cyclones, therefore, are more ef- 
ficient where particles in the smaller size range are 
encountered. On the other hand, because of rebound, 
of coarse particles, the collector may not be as effi- 
cient for removing particles of large size. Multiple 
units of small-diameter cyclones are required to 
handle a large volume of gas. 

A large variety of makes and configurations of cy- 
clone collectors is commercially available. In gen- 
eral, however, the collecting efficiency drops off rap- 
idly for particles below about 20 microns in diam- 
eter for the large-diameter cyclone and below 10 mi- 
crons in diameter for the small-diameter multiple 
cyclones. In addition, the collecting efficiency is prac- 
tically nil for particles below 5 microns for simple 
cyclones and 2 microns for multiple cyclones. This, 
of course, limits the type of dust that may be col- 
lected. Efficiencies in the neighborhood of 97 per 
cent have been reported on coarse material, such as 
saw dust from planing mills. In contrast, they may 
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collect only between 10 and 25 per cent of the solid 
materia] in stack gases from a boiler.? 

In many cases, where it is necessary to install addi- 
tional exhaust fans, or where space is limited, a mech- 
anical centrifugal collector will be found practical. 
This type of collector uses a high-speed impeller to 
provide the centrifugal force for throwing the dust 
out of suspension. The impeller also acts as a fan 
for drawing the dust-laden gas through the cleaner. 
At the point of greatest concentration of dust, part of 
the air is skimmed off and carried to a settling 
chamber. After depositing the entrained dust, the 
air is recirculated in the system. 

Louver and dry skimmer collectors also depend 
on inertia for throwing the dust out of suspension. 
Inertia concentrates the particles of dust in the small 
end of a slotted metal cone. About 90 per cent of the 
air passes through these slots to the blower and stack, 
while the concentrated suspension passes into a small 
cyclone. The exhaust from the cyclone is recycled in 
the concentrator. 


Centrifugal Separators and Louver Collectors 


Both mechanical centrifugal separators and louver 
collectors have application for collecting particles in 
the size range collected by cyclone separators. Dry 
inertial collectors, as a class, are not suitable for 
collecting fine dust (particularly particles below 10 
microns in diameter). They are satisfactory, how- 
ever, as rough cleaning devices for reducing the load 
on high-efficiency final collectors with which they are 
frequently used. On the other hand, as final clean- 
ers for coarse, non-toxic materials, such as wood or 
metal chips, they do an excellent job and are simple 
and inexpensive. These collectors can be built to 
handle relatively hot gases which makes them emin- 
ently suited for such applications in cupolas where 
merely the removal of the coarses particles from the 
stack gas is sufficient to satisfy local conditions. 

When dry inertial collectors are inadequate, it is 
advisable frequently to go to one of the wet collect- 
ing methods. Wet collecting methods depend on a 
simple process of washing or scrubbing the dirt out 
of the gas and wetting the particles to increase their 
effective diameter so they may be removed by simple 
collectors, such as a cyclone. In addition to remov- 
ing dust, wet collectors also can remove sulphur gases 
which may sometimes be important. 


Static Spray Washers 


The simplest form of wet cleaner is the static spray 
washer which may be seen mounted on the top of 
many cupolas. This equipment can remove 50 to 75 
per cent of the solid matter and a portion of the SO, 
in the cupola effluents. However, a large portion of 
very fine solid particles escape. 

Wet scrubbers are more efficient in removing the 
smaller size particles than are the simple spray wash- 
ers. Wet scrubbers depend on mechanical means of 
admixing a spray of water with the dust-laden gas. 
They employ the cyclone, rotary centrifugal collector, 
cr packed tower to remove the wetted dust particles. 
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Roughly speaking, the efficiency of these scrubbers is 
related to the work applied to admixing the water 
and gas. Scrubbers can be very efficient and give 
very clean gas. Because of the high power require- 
ments for the highly efficient scrubbers, it is custom- 
ary where very clean gas is required, to use a scrub- 
ber of moderate efficiency, followed by other types of 
final cleaners which require less power. The wet 
cleaner reduces the load and, at the same time, cools 
the gas. 

Cloth filters or bag houses are becoming a more 
familiar sight around the foundry. They operate on 
the same principle as the vacuum cleaner in the 
home. They have been applied to cleaning the ex- 
haust from the shake-out and cleaning rooms. In 
similar applications, they have been found to oper- 
ate with dust-collecting efficiencies of over 99 per 
cent.© It has been only recently, with the develop- 
ment of the glass-cloth bag which will withstand 
temperatures up to about 500 F, that bag houses have 
been utilized for the difficult job of cleaning the hot 
gases from the cupola. They have been found to 
satisfy the difficult requirements of the Los Angeles 
County Air Pollution Control District.§ All material 
passing through the cloth filter is below 5 microns. 
Efficiencies are good on particles down to a fraction 
of a micron. Bag houses are limited, however, to 
applications where there are no condensable fumes 
or gummy materials present. 


Electrostatic Precipitators 


Electrostatic precipitators are probably the most 
efficient of all collectors. Collecting efficiencies are 
very high on particles down to a fraction of a micron. 
Although electrostatic methods do not remove gases, 
there seems to be no lower limit to the size of solid 
particles that they will remove. 

Electrostatic precipitators employ up to 75,000 volts 
to induce a negative electrostatic charge on the sur- 
face of the dust particles. The dust particles are 
then repelled to the positive electrode, which is con- 
structed to serve as a dust catcher. 

Among the newer methods for collecting dust and 
smoke are the sonic agglomerators.®1° Sound waves 
cause the small particles of dust to vibrate, thereby 
increasing the number of collisions between particles. 
Upon collision, surface forces on the particles of cer- 
tain types of materials cause them to adhere to one 
another. Through a series of collisions and adhe- 
sions, small particles agglomerate to such size that 
they can be removed from the gas with a cyclone 
separator. The method is limited to very small par- 
ticles, as are found in smoke, and it does not work on 
all materials. Further developmental work is required 
before its possibilities in the foundry are known. 

One of the latest improvements in wet collecting 
equipment is the Venturi scrubber.™! In this scrub- 
ber, water is broken up into a very fine mist. The 
mist and gas pass through the venturi portion of the 
collector where the very small droplets wet and ab- 
sorb the very small particles of dust. A cyclone sep- 
arator then collects the wetted particles and drops 
them into a tank for disposal. 
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Control of Combustible Fumes 


Combustible fumes can be destroyed by oxidation 
or combustion. Where the ratio of combustible ma- 
ierial to air is high enough, as in the cupola stack 
zases, combustion will be self-sustaining once it has 
been started. An ignitor is sometimes used for ignit- 
ing the gases during periods when they do not ignite 
freely. Lean mixtures, which will not maintain com- 
bustion, must be heated to temperatures on the order 
of 1200 to 1400 F, to complete the oxidation. In some 
instances, fumes from the baking of cores have been 
reduced by recirculating the air in the oven through 
the burners. 

One of the newer methods for oxidizing combus- 
tible fumes is the catalytic combustion process. Very 
dilute mixtures of combustible vapor or gas will oxi- 
dize at temperatures as low as 350 F, or less, in the 
presence of a catalyst. This principle has been ap- 
plied commercially to the oxidation of a number of 
fumes and gases, including the fumes from the bak- 
ing of cores. Of special interest is the fact that the 
heat obtained from the oxidation of these fumes is 
returned to the oven to reduce the amount of out- 
side fuel required to keep the oven hot. 


The Cost 


The purchase cost of dust-collecting equipment 
ranges from something less than $100 per 1000 cu ft 
per min treated for simple cyclone separators, to 
$1000 or even more for certain of the very high efh- 
ciency collectors, such as bag houses, electrostatic, or 
disintegrator-type washers.!*13 Power consumption 
may be as low as 0.1 kw per 1,000 cu ft per min for 
simple gravity settling chambers, to as high as 10 kws 
per 1,000 cu ft per min for high-efficiency scrubbers. 
These figures are for total power, including electrical 
energy, water-pumping power, power for necessary 
auxiliary equipment, and pressure drop through the 
apparatus. 

One thing that must not be overlooked in estimat- 
ing the cost of dust-control equipment is the actual 
volume of gas handled. The more gas handled, of 
course, the larger the size of collecting equipment 
required. In the design of dust hoods, for example, 
sufficient excess air must be drawn through the equip- 
ment to flush all the dust-laden air from the source. 
The equipment must clean all this air plus any excess 
that is taken in. Cupola stack gases are another ex- 
ample where the volume of gases emitted is greater 
than may seem at first. The volume of gases gener- 
ated by a cupola may be 2 to 4 times the volume of 
air blown into the tuyeres. Burning of the gases in 
the stack and aspiration of air in the charging door 
may increase this volume to 5 to 7 times that of the 
tuyere air. Cooling of these gases before they are 
passed through the dust collectors, of course, re- 
duces considerably the volume of gas that must be 
handled. Nevertheless, the volume that must be 
handled is more than the volume of air blown into 
the tuyeres. 

Who pays the cost of clean air? The answer to 
this is simple and one which everybody should know. 
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The cost of clean air is eventually paid by the pub- 
lic. The degree that air pollution is controlled in the 
future will depend largely upon the amount the pub- 
lic is willing to pay for controls in terms of increase 
of cost of products. 

The materials recovered in the air-cleaning opera- 
tion seldom have much value. There have been fig- 
ures published on the large savings in nonferrous 
smelting operation by collection of the dust from the 
flue gases. For example, it has been estimated that 
$27,000,000 worth of metals have been recovered in 
the copper industry alone.'* Unfortunately, in the 
foundry industry, in general, the products recovered 
in the dust collectors are not nearly so valuable. For 
the most part, they may be classified merely as dirt 
which has to be hauled off to the dump. 

Fly ash collected from the cupolas may have some 
value as a filler for concrete. However, it probably 
must sell for considerably less than concrete itself. 
It must be used close to the source and must be avail- 
able in quantities large enough to be worth handling. 
Recently it has been found that fly ash makes a cap- 
able pipe eliminator of the non-exothermic or insul- 
ating type to apply to the surface of feeders on cast- 
ings.1° This would permit the foundry to consume 
its own fly ash to some advantage. 

For the most part, the small quantities of salvag- 
able material involved make the cost of handling 
more than the products might be worth. It seems 
hardly worthwhile to develop a useful market for 
them. 

Other opportunities to realize some return on the 
investment in dust collectors are difficult to evaiuate 
in dollars and cents until the equipment is installed. 
The factors which may partially offset the cost of 
clean air are: (1) reduced maintenance, for example, 
less frequent cleaning of the roof, (2) better working 
conditions and workers’ morale, and (3) better rela- 
tions with the neighbors. The last two factors should 
help attract better workers into the foundry and re- 
duce labor turnover. 

The by-products and other benefits derived from 
gas cleaning rarely yield a net profit on the entire 
cost of the gas cleaning operation, but they may help 
materially to reduce the expense. 
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THE FOUNDRYMAN LOOKs AT AIR POLLUTIO: 


DISCUSSION 


Chairman: F. W. Suiptey, Caterpillar Tractor Co., Peoria, II! 

Co-Chairman: J. R. ALLAN, International Harvester Co 
Chicago. 

Recorder: H. F. Scosme, American Foundryman’s Society 
Chicago. 

ORVILLE LaAass': Which type of dust and fume collector i 
preferable, the dry or the wet type? 

Mr. Keyser: Foundrymen should use whichever type dust an: 
fume collector is necessary to meet local air pollution ordinances 
Use the dry type if possible because of its lower maintenanc: 
costs. 

K. M. Morse?; What data can you give us on the size spec 
trum of cupola emissions, Mr, Keyser? 

Mr. Keyser: About 50 per cent of the particulate matte: 
emitted is dust larger than 44 microns. Approximately 35 per 


- 


cent is metal oxides 5 microns and smaller. Very little matter 


- 


between 5 and 44 microns is emitted. 


1Director of Personnel, Universal Foundry Co., Oshkosh, Wis. 
2Industrial Hygienist, U. S. Steel Co., Pittsburgh. 








ALUMINUM SAND CASTING DEFECTS 
THEIR IDENTIFICATION, CAUSES AND CORRECTIONS 


By 


Donald L. LaVelle * 


ABSTRACT 


The first consideration in attempting to improve the quality 
of castings or to correct existing defective castings is the cor- 
rect identification of the defects present, so that proper and 
effective corrective measures may be taken. This paper illus- 
trates, by means of photographs of defective castings, a major- 
ity of the common defects experienced in aluminum sand 
foundries. The defects are described, the most probable causes 
are given and suggestions for their elimination are discussed. 

The defects are classified as to type into seven main divi- 
sions, and each division covers the several sub-types and varia- 
tions of the defect. The principal causes are discussed so that 
an understanding of the mechanism leading to the occurrence 
of the defect can be gained. 


Introduction 

In any foundry that is endeavoring to improve the 
general quality of their castings or is attempting to 
correct existing defective castings, the first and fore- 
most consideration must be the correct identification 
of the defect so that the proper measures can be 
taken for its correction. Many foundries have often 
found that incorrect identification of defects has re- 
sulted in much wasted effort and money being ex- 
pended on corrective measures which were not re- 
lated to the defects whose correction was sought. 
Very often it is also found that in a particular found- 
ry a wide difference of opinion will exist among vari- 
ous members of the foundry personnel regarding the 
nature of a defect and the proper remedies. The 
purpose of this paper is to illustrate a majority of 
the common defects experienced in aluminum sand 
foundries together with their identification and a 
number of suggestions for their elimination in sub- 
sequent production. 

It is recognized that in many cases a defect can 
result from several causes and also that a number of 
remedies may be used to eliminate that particular 
defect. The descriptions of the defects will give the 
most prevalent or common name and the principal 
corrective measures will be listed and briefly dis- 
cussed. In a considerable number of cases defects 
may appear to be similar when they are actually due 
to widely differing causes. In these cases where iden- 


* Research Metallurgist, American Smelting and Refining Co., 
Barber, N. J. 
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tification is difficult, experience must be the guide. 
When corrective measures have been applied and the 
defect still persists, the conclusion must be that the 
defect was incorrectly identified and the improper 
measures were used, 

No attempt will be made here to establish stand- 
ards of quality or limits of acceptability. Such stand- 
ards can best be determined by agreement between 
foundry and customer. In many instances the de- 
fects listed are merely surface in mature and do not 
adversely affect the internal quality of the casting. 
Where casting: are to be painted or where surface 
appearance is of little consequence, then many of 
these defects can be tolerated and the castings are 
quite acceptable for the customers’ purposes. In other 
cases where a fine finish is desired on a casting, these 
same defects will be cause for rejection and steps 
should be taken for their correction. 


i—Surface Defects 


This category of imperfections will include only 
those which are evident on the surface of the casting 
and which, for the most part, are the result of causes 
existing outside the metal. 

(a) Misruns—A misrun is an area in a casting 
where the metal has failed to completely fill the mold. 
It may be in the form of a hole or as an incompletely 
filled edge of a casting. An incompletely filled edge 
is illustrated in Fig. 1 while Fig. 2 illustrates a hole 
in the wall of a casting. 

Misruns are most commonly caused by a low pour 
ing temperature. However, many other factors can 
also cause this defect. Inadequate venting of the mold 
cavity is often encountered, which can include low 
permeability of the sand because of improper grain 
fineness distribution, hard ramming, or ° excessive 
moisture. It is well, in most cases involving thin- 
walled castings or large flat areas, to insure that the 
cavity is well vented by placing small holes through 
the cope surface from the mold cavity to allow the 
air and steam to escape rapidly. If the gas contained 
in, and generated in, the mold cavity is not vented, 
the metal must overcome a back pressure which can 
easily be sufficient to cause misruns. Inadequate 











Courtesy of Aluminum Co. of America 


Fig. 1—A misrun at edge of a casting. 
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Fig. 2—A misrun in wall of a casting caused by core shift. 





Fig. 3—A form of misrun where portion of casting (the 
letters) did not fill because of very low permeability. 


sprues, runners and gates are frequent causes of mis- 
runs; the metal may not flow fast enough or may be 
forced to flow too great a distance with the result 
that the metal is cooled to the solidification point 
before filling the mold cavity. 

Figure 2 illustrates a hole in the wall of a casting 
which may be due to some of the above causes but is 
often the result of a misplaced or shifted core, which 
causes one wall to be considerably undersize with the 
result that the metal cannot fill the unusual thin sec- 
tion 
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Fig. 4—Sand explosions caused by relatively large iso- 
lated foreign inclusions in the sand. 





Fig. 5—A casting pitted by steam explosion of small clay 
balls in sand shown in Fig. 6. 


A less common form of misrun is shown in Fig. 3 
which illustrates some letters of the cope surface of a 
casting which did not fill in completely because of 
the extremely low permeability of the sand, which 
would not permit the escape of the steam generated 
on contact with the metal. This steam prevented the 
filling of the letter impression. This defect was elim- 
inated by increasing the permeability of the sand. 
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Fig. 6—Clay balls in sample of air-dried molding sand 
which caused surface pits on casting in Fig. 5. 








Fig. 7—Sand lines, or rat-tails, caused by buckling of 
sand at elevated temperatures. 


Isolated cases of misruns can be the result of inter- 
ruptions or fluctuations in the flow of metal during 
the pouring cycle. It is important in the pouring of 
any metal to maintain a smooth, uniform, and non- 
turbulent entry of the metal in the sprue system. 

(b) Sand Explosions—This defect takes the form 
of small voids or craters on the surface of the casting 
which generally contain particles of sand or foreign 
material. They may be either in isolated occurrences 
or may be found generally distributed over the sur- 
face of the casting. Usually these two types are due 
to different causes. 

The isolated type is usually caused by a fairly large 
inclusion of foreign material in the sand, which re- 
tains a large amount of water or volatile matter 
such as oil and is located on the mold surface. 
When the molten metal strikes this inclusion in the 
sand, steam or gas is rapidly generated with explosive 
force causing the crater in the casting. This type of 
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Fig. 8—Sand buckles caused by expansion of sand before 
metal solidified. 
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Fig. 9—A sand scab caused by loosening of a loosely ad- 
herent layer of sand. 


sand explosion is shown in Fig. 4. Complete elimina- 
tion of this type of defect may be difficult since the 
size of the particles which cause the difficulty are 
most often smaller than the finest sand screens used 
in the average foundry. The best method is prob- 
ably preventive in nature; that is, prevention of for- 
eign material from entering the sand. If the occur- 
rence of this type of defect becomes serious and it 
is impractical to completely screen the foundry sand 
through a fine sieve, then the sand had best be dis- 
carded. 

The second type of this defect where the small pits 
or craters are more-or-less uniformly distributed over 
the surface of the casting, is illustrated in Fig. 5. This 
type of defect has usually been found to have been 
caused by an unusual sand condition where the clay 
content has separated from the usual uniform distri- 
bution throughout the main body of the sand and 
has collected into clay balls. Because of the fineness 
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Fig. 10—A swelling of the casting caused by weak sand 
resulting from soft ramming. 


of the clay particles in these cfay balls, they tend to 
contain the greater part of the moisture content of 
the sand. When these clay balls are on the surface 
of the mold and are covered with the liquid metal, 
the sudden generation of steam causes the crater in 
the surface of the casting. Casual inspection of a 
sample of sand taken from the sand heaps will not 
usually reveal the presence of these clay balls. If 
this sand sample is spread out and allowed to dry for 
a short time, the clay balls will become clearly visible. 
Such a sample of dried sand containing clay balls is 
illustrated in Fig. 6, in which these balls are clearly 
evident. In this particular samp'e of sand the clay 
balls were removed on a 35 mesh screen and were 
found to comprise 14 per cent of the weight of the 
sand. The screened sand and the clay balls were 
then analyzed for A.F.S. clay content and it was 
found that the sand contained 1 per cent clay and 
the clay balls contained 10 per cent clay. The total 
sand contained 3.3 per cent clay, of which 45 per 
cent was contained in the balls. This analysis showed 
that nearly half of the clay was not available for con- 
tributing to the strength of the sand and hence the 
molder tended to use more water, which aggravated 
the occurrence of the defect. 

These clay balls are most commonly found in 
foundries utilizing the heap sand system and less 
commonly found in synthetic sand systems. Their 
complete removal is difficult, if not impossible. The 
best way is to allow the sand to dry completely, when 
the clay balls become fragile and are ¢asily broken 
up by any mechanical action on the sand. If this 
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Fig. 11—Sand holes (upper) and a projection from a hole 
in a core. 
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Fig. 12—Rough, sandy surface (left) caused by rapid re- 
lease of dissolved gas. 


drying is not feasible, the most direct method of 
elimination of this defect is complete replacement 
of the sand. 

(c) Sand Line, or Rat Tail—This is a defect which 
appears as an irregular line on the surface of a cast- 
ing where the casting surface is at different levels 
on either side of the line. These lines are a surface 
phenomenon only and are not considered to be ob- 
jectionable except from an appearance standpoint. 
They are not indicative of any internal or sub-sur- 
face unsoundness. 

Sand lines are caused by the failure or buckling 
of the sand surface at elevated temperatures. The 
exact cause of this buckling is not clearly under- 
stood and there are many explanations of its occur- 
rence. The appearance of typical examples of this 
defect is shown in Fig. 7. High moisture content 
and low permeability are believed to be closely re- 
lated to the occurrence of this defect. Low green 
strength and low resilience of the sand are also be- 
lieved to be related. They are most often found on 
large thin-walled areas of aluminum castings. 

(d) Sand Buckle—This is a depression on the sur- 
face of a casting usually well defined with a sharp 
line at the bottom in the longitudinal direction. A 
common example is shown in Fig. 8. 

This defect is caused by buckling or expansion of 





Fig. 13—Coarse, crystalline, brittle fracture caused by 
iron contamination of the alloy. 
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Fig. 14—Dross and flux inclusions. 


the mold surface at elevated temperatures. The prop- 
erties of the sand mold leading to the occurrence of 
this defect are closely related to those causing the 
sand line and measures taken to eliminate either 
one will decrease the occurrence of the other. 

(e) Sand Scab—This consists of excess metal in a 
localized area on the surface of a casting which is 
usually separated somewhat from the main body of 
the casting and is easily removed (Fig. 9). It is 
caused by the metal penetrating beneath thin layers 
of sand which have lifted from the mold surface. 
The sand lifting is caused by weak sand, hard ram- 
ming, high moisture content, and most often by patch- 
ing of the mold which results in layers of loosely ad- 
herent sand which are easily dislodged by the action 
of the flowing metal or the sudden generation of 
steam. This defect is also occasionally related to the 
causes leading to sand lines and sand buckles. 

(£)Soft Ram—This appears as a slight swelling or 
enlargement of the casting, which is illustrated in 
Fig. 10. This is caused by the sand in that particular 
area being unable to resist the hydrostatic pressure of 
the liquid metal’ Its cause is primarily insufficient 
ramming of the mold or inadequate tucking of the 
sand into relatively inaccessible locations on the pat- 
tern surface, such as in between high bosses as shown 





Fig. 15—Dross and flux inclusions which blistered after 
storage. 





Fig. 16—Dross (oxide) inclusions in a casting resulting 
from excessive agitation in handling the molten metal. 


in the illustration. Low flowability of the sand may 
also be related. 

(g) Sand Hole—These are holes or cavities in the 
surface of the casting almost invariably in the drag 
surface. These are caused by the presence of loose 
sand on the mold surface. Loose sand has fallen to 
the drag portion of the mold because of a large num- 
ber of reasons, such as, careless closing of the mold, 
or placement of cores; weak or dry molding sand, or 
soft ramming. Typical sand holes are shown in the 
upper portion of Fig. 11. The lower portion of this 
figure shows a projection of metal from the surface 
of the casting which was caused by a particle of sand 
having fallen from the surface of a core. 

(h) Rough Sandy Surface—This defect occurs uni- 
formly distributed over the entire cope surface of a 
casting and is intensified over heavy sections. It has 
the appearance of a rough, sand-papery surface to 
which sand more-or-less tightly adheres, as shown in 
Fig. 12. This is due to badly gassed metal. If the 
molten aluminum contains a large amount of dis- 
solved gas when it fills the mold cavity, this gas is 
rapidly and strongly released from the metal as it 
solidifies. The bubbles of escaping gas breaking 
against the cope surface of the mold cause particles 
of sand to be entrapped in the surface of the cast- 
ing. The causes and elimination of dissolved gas 
will be discussed later in the paper under heading 
VII (a) Gas (Hydrogen) Porosity. 





Fig. 17—Dross inclusions in test bars. 
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1|—Brittle Fracture 


In Fig. 13 is illustrated one example of a brittle 
fracture in which the unusually crystalline appear- 
ance of the fractured surface is apparent. This cast- 
ing was very brittle and difficult to machine. On 
analysis this casting was found to contain 3.5 per cent 
iron. The aluminum had been melted in iron cru- 
cibles which were improperly cared for in that the 
inside surface had never been coated with a refrac- 
tory material to prevent the solveat action of the 
aluminum. In addition, the melting temperatures 
had been uncontrolled and had risen to high values, 
which markedly increased the attack of aluminum on 
iron. It was subsequently found that a large quantity 
of metal had become contaminated in this manner 
and had to be scrapped because of the re-use of gates 
and risers containing high iron. To guard against 
iron pickup in melting aluminum alloys in iron cru- 
cibles, it is essential that the crucibles be protected 
against the action of the molten aluminum. This is 
particularly true in sand foundries where the melt- 
ing temperatures are higher than those used in die 
casting plants where iron crucibles are more prev- 
alent. 

This fracture is but one example of the contamina- 
tion of alloys, which also may happen by accidental 
mixing of alloys of widely differing composition, 
which can also produce very brittle and unsuitable 
or unuseable metal. 


I1!—Inclusions 


It is possible for foreign inclusions of many dif- 
ferent kinds to be present in aluminum castings. By 
far the most prevalent of non-metallic inclusions 
found in aluminum castings is aluminum oxide or a 
mixture of aluminum and magnesium oxides. These 
appear on a fracture to be gray to black hard par- 
ticles which may appear to be in powder form in 
some instances, and in other cases appear to be in 
the form of a film. In other cases, these inclusions 
are mixtures of these oxides and flux. If a flux is 
used and is stirred into the metal without allowing 
for sufficient settling time for separation of the dross 
and flux, the dross and flux will find their way into 
the casting. 

Figure 14 illustrates an aluminum sauce pan which 
appeared to be satisfactory immediately after polish- 
ing but on standing for a period of time- was found 
to contain a large number of blisters on the surface. 
Examination of these blisters chemically and micro- 
scopically showed them to be mixtures of dross and 
flux. Figure 15 illustrates a small casting which was 
satisfactory when machined and painted but when 
taken from stock some time later exhibited the two 
blisters shown. In this case again, the inclusions were 
found to be mixtures of dross and flux which had 
reacted in time to produce the effect shown. If flux 
must be used, it is not always desirable to stir it 
into the body of metal, but if this is done, sufficient 
time should be given to allow the excess flux to float 
to the surface where it can be removed from the 
metal. As a general rule, most fluxes should be used 
only to assist in the removal of dross and should 
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not be introduced into the body of the molten atum- 
inum. 

The most common type of inclusion is that which 
consists of aluminum oxide, or in the cases of alloys 
containing magnesium, the inclusions are mixtures 
of aluminum and magnesium oxides. These oxides 
appear in many shapes such as those shown in Fig. 
16 and Fig. 17. This type of inclusion is quite detri- 
mental to the quality of the casting since if they are 
encountered in machining, they are of sufficient hard- 
ness to dull or break the edge of the hardest tool 
and also are a source of weakness in the casting. The 
properties obtained on the test bars shown in Fig. 
17 were exceptionally low through no fault of the 
alloy quality but entirely due to the presence of the 
oxides. 

It may be safely said that the primary source of all 
dross inclusions in aluminum castings is the presence 
of agitation somewhere in the handling of the metal 
between the ingot and the casting. It is essential in 
the production of high quality aluminum castings 
that all turbulence and agitation be eliminated as far 
as possible. The metal should not be stirred while 
in the melting furnace; all transfer operations should 
be performed with as short a stream between the two 
vessels as possible; and finally when pouring alum- 
inum into sand molds the crucible or ladle should 
be held as close to the sprue opening as possible and 
the sprue should te kept full at all times to mini- 
mize turbulence, agitation, and air entrapment at 
this point. One of the primary sources of oxide and 
dross inclusions in aluminum castings is improper 
pouring technique. 

Also of importance in the production of dross and 
oxide free castings is the design of the gating sys- 
tem. These systems should be studied with care to 
insure that the runner and gating system introduces 
the metal into the mold cavity with a minimum of 
disturbance. 


1V—Blows 


(a) “Normal” or Open Blows—This type of blow 
generally appears as a smooth-walled, rounded or 
globular void or cavity usually open to the surface 
of the casting. Blows take many shapes and forms 
and may occasionally be difficult to identify as such. 
Some typical examples are shown in Fig. 18. 

Blows are caused by sudden locally developed gas 
pressure, usually steam. Most blows in the vicinities 
of chills are caused by cold or damp chills. When 
the molten metal strikes this cold damp surface, the 
steam generated causes a blow into the casting. Other 
causes are moisture from wet sand, low permeability 
of the sand and paste or wet mud in the mold. Blows 
also may be caused by excessive core gas or gas from 
cores that are inadequately vented. Improperly baked 
cores are a source of excessive gas production. Too 
liberal use of a swab especially in conjunction with 
sand of low permeability, is a source of blows. Chills 
should be warm, clean and dry before placing in 
the mold. Often it is necessary to warm the chills in 
the mold with a torch, just before closing the mold 
and pouring, to prevent condensation of steam on 
them during the flow of metal through the mold. 
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Fig. 18—Blows resulting from excessive moisture (above) 
and a chill (below). 
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Fig. 19—A collapsed blow shown on machined surface 
(above) and as opened by fracturing (below). 
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Fig. 20—A hot crack. 
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Fig. 21—A crack resulting from shrinkage at junction of 
light and heavy sections. 








Fig. 22—Cracks resulting from use of cold quench water 
following solution heat-treatment. 


(b) Collapsed Blows—Blows which are formed as 
described above are occasionally closed again by fur- 
ther movement of the molten metal. In such cases 
the blow appears to be a fine line or crack on a 
machined surface. A fracture through such an area 
will usually reveal a typical structure such as that 
shown on Fig. 19, indicating that it is a collapsed 
blow. 


V—Cracks 

Cracks in castings can be among the most difficult 
defects to precisely identify as to their cause. In 
many cases laboratory microscopic examination is 
necessary to establish the exact cause of a crack. The 
mechanical type of crack resulting from mishandling 
of castings will not be discussed since its cause is 
usually obvious. 

(a) Hot Crack or Solidification Shrinkage Crack- 
ing—This crack occurs during the solidification of 
the alloy or while the casting is in the temperature 
range immediately below the solidification point. It 
is caused by restraints on the casting which prevent 
the casting from shrinking the amount required by 
thermal contraction. Aluminum alloys differ mark- 
edly in their resistance to this type of cracking. Some 
alloys are highly prone to this defect and caution 
must be used to insure that the casting is not re- 
strained during cooling. Other types of alloys, not- 
ably high silicon content types, are resistant to this 
defect and are rarely troubled with it. 

The cause of this crack is restraint of the casting 
during cooling. This may be caused by hard cores 
or cores of insufficient collapsibility. Hard ramming 














Fig. 24—Shrinkage in a thin casting resulting from use 
of one gate. 


can also cause hot cracks. If hot cracking of a cast- 
ing persists in spite of corrective measures, then it is 
quite possible that the design of the casting is in- 
herently unsuitable for an alloy subject to hot crack- 
ing. Figure 20 shows an example of a hot crack. 
There are no outstanding visual characteristics of 
this type of crack. It is usually true, however, that 
there is no evidence of shrinkage on the surface in 
the neighborhood of this type of crack. The effect 
of gating on the occurrence of hot cracking should 
not be overlooked when attempting to eliminate this 
defect. If the number of gates is inadequate or their 
location is not the best, then too much metal may 
flow through one gate and one area of the casting 
may become overheated. This area will then be the 
last to freeze, causing the contraction stresses to be 
concentrated at this point with the result that a crack 
is formed. Aluminum should enter the mold cavity at 
as many points as practical, with some thought given 
to the equal and uniform distribution of the metal. 
(b) Shrink Crack—This type of crack (Fig. 21) 
is the result of severe surface shrinkage which results 
in the parting of the surface of the casting to form a 
crack. Its cause is usually obvious because of a de- 
pression and sponginess in the surface of the cast- 
ing which indicates shrinkage. The remedies for this 
type of crack are the usual ones taken to reduce 
shrinkage such as the use of chills, risers, and gating 
changes to improve the distribution of hot metal. 
(c) Quench Crack—This type of crack results from 
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stresses imposed on the casting by the cooling during 
the quenching process following solution heat treat- 
ment. These stresses exceed the tensile strength of 
the alloy in the area of the crack which results in a 
fracture. Two examples of this type of crack are 
shown in Figs. 22 and 23. The principal cause of 
quench cracks is the use of cold quench water. The 
temperature of quenching water should be above 150 
to 180 F. It is possible for the design of the casting 
to be such that even with boiling water the stresses 
are still sufficiently severe to crack the casting. The 
safest procedure to insure that quenching cracks are 
minimized is to use boiling quench water. 


Vi—Shrinkage 


The subject of shrinkage in aluminum castings is 
very broad and could well be the subject of an ex- 
tensive article in itself. Since it encompasses the en- 
tire subject of gating, chilling and risering of cast- 
ings, the discussion here will be necessarily limited 
to covering a few of the basic principles with several 
illustrations of the common types of shrinkage. When 
aluminum alloys solidify, there is a decreasing change 
in volume on solification of the metal. If this de- 
crease in volume is not compensated for by adequate 
feeding, then shrinkage will be present in the cast- 
ing in the form of finely dispersed porosity, localized 
voids in the interior of the casting, or as surface 
holes or depressions. Occasionally shrinkage is classi- 
fied into two types as surface shrinkage and interior 
shrinkage, but this is not believed to be a valid classi- 
fication because the two types cannot be differentiated 
as to cause. Shrinkage defects will be presented here 
under three broad classifications according to cause. 

(a) Too Few Gates—Figures 24 and 25 illustrate 
surface shrinkage on two castings which was pri- 
marily caused by the use of one gate to feed the en- 
tire casting. Unless the casting is of great simplicity, 
the use of one gate to feed a casting will often result 
in the occurrence of shrinkage in the vicinity of the 
gate. This is caused by too much metal passing over 
one area in the mold, with the result that the sand 
becomes overheated, causing that area of the casting 
to feed last with the result shown in the photographs. 
Almost every case of this type of shrinkage can be 
easily eliminated by the use of two or more gates. 
The use of a larger number of gates is also beneficial 
in that a lower pouring temperature can usually be 
used with an attendant improvement in the appear- 





Fig. 25—-A second example of shrinkage caused by use 
of one gate. 
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Fig. 26—Surface shrinkage caused by too high a pouring 
temperature. 
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Fig. 27—-Surface shrinkage caused by high pouring tem- 
perature. 


ance of the casting. This is a very common cause of 
shrinkage in aluminum castings. 

(b) Too High a Pouring Temperature—Figures 26 
and 27 also illustrate surface shrinkage on castings 
where the gating was probably adequate but an exces- 
sively high pouring temperature resulted in the ap- 
pearance shown. Shrinkage is often aggravated by 
high pouring temperatures, and when it is suggested 
to the foundryman that the pouring temperature be 
lowered, the usual reply is that the casting wi'l not 
run. Usually in cases like this the casting will not 
run with a moderate pouring temperature because of 
inadequate venting, low permeability sand, or in- 
adequate gating. If some of these other factors are 
corrected, then the pouring temperature can be low- 
ered and the shrinkage difficulty will disappear. 

(c) Inadequate Feeding—Two examples of surface 
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Fig. 28—Surtace shrinkage cavity resulting from lack of a 
riser on heavy section. 
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Fig. 29—Shrinkage cavity resulting from an inadequate 
riser. 


shrinkage cavities caused by inadequate feeding are 
shown in Figs. 28 and 29. In both cases the shrinkage 
occurred at the junction of a light and a heavy sec- 
tion, and the risering was insufficient to feed the 
shrinkage occurring in the heavy section. The shape, 
location and size of risers govern the degree to which 
they will perform the job of feeding the casting. 
Small errors in any of these factors often cause great 
differences in the results. A common error is too 
small a neck connecting the riser to the casting, which 
results in this neck freezing first before the casting 
has solidified and hence the riser cannot feed. The 
riser is often located too tar from the section it is 
supposed to feed and the liquid feeding ‘metal can- 
not reach the shrinkage area. The shape of the riser 
is important—tall thin risers are generally inadequate 
and ineffective. Generally speaking the riser should 





Fig. 30—Shrinkage at gate resulting from use of a com- 
bination sprue, gate and riser which did not feed. 
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Fig. 31—Various degrees of pin hole porosity resulting 
from dissolved gas as they appear on machined surfaces. 
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Fig. 32—Pin hole porosity in saw cut surface, and trapped 
air bubble porosity on sand blasted surface. 


Fig. 33—-A severe case of pin hole porosity as revealed 
on a saw cut section. 


be short, broad and closely connected to the section 
which is to be fed. Gating can often affect the el- 
ficiency of a riser since a riser must contain hot metal 
and remain liquid after the casting has solidified. 
Where possible it is generally good practice to gate 
through a riser into the casting, causing the riser to 
be the last portion of the mold to be filled. Risers 
which are located on the side of a casting opposite 
the gates are usually ineffective because they will 
then contain the coldest metal in the mold and can- 
not adequately feed the casting. 

Chills are a very effective tool in the control of 
shrinkage. One of the functions of a chill is to equal- 
ize the rate of solidification between a heavy section 
and an adjacent thin section so that they will freeze 
at uniform rates thereby minimizing the possibility 
of shrinkage. Chills are also useful in promoting di- 
rectional solidification so that a riser can more effec- 
tively act. When attempting to feed an exceptionally 
heavy section of a casting, it is often found that a 
riser cannot feed because the casting does not solidify 
quickly and directional solidification toward the 
riser cannot be obtained. In this case chills on the 
heavy section of the casting will facilitate feeding by 
the riser. The use of insulating riser sleeves and ex- 
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othermic riser compounds are very effective in im- 
proving the feeding characteristics of risers and allow- 
ing their size to be decreased while maintaining ade- 
quate feeding. 

Figure 30 illustrates an internal shrinkage defect 
discovered when the combination gate, riser and sprue 
was removed from the casting. A slight surface de- 
pression was visible on the casting before trimming. 
In this case a separate sprue should have been used 
with a runner to the casting.so that an adequate riser 
could have been placed on the gate to feed the heavy 
section in the casting. 


Vil—tinternal Porosity 


None of the defects to be discussed in this section 
are apparent on the surface of the casting when it is 
removed from the sand. The porosity is only revealed 
when the casting is grit blasted for cleaning or given 
any type of surface treatment which removes some 
metal such as, wire brushing, sawing or machining. 
The sources of internal porosity are several in num- 
ber and they will be discussed separately. The type 
of internal porosity resulting from well dispersed 
shrinkage will not be covered here, although it is 
often quite difficult to establish in a particular case 
whether the porosity is due to dissolved gas or to 
shrinkage. 

(a) Gas (Hydrogen) Porosity—This porosity is 
found in the form of small pin holes generally uni- 
formly distributed throughout the casting in thick 
and thin sections. The pin holes are usually well de- 
fined and more or less rounded voids but may not 
always be in the form of spheres since their shape is 
often affected by the alloy, the pouring temperature 
and the degree of gassing. Figure 31 illustrates sev- 
eral degrees of gas porosity as they appear on mach- 
ined surfaces. Fine gas porosity is also shown on the 
saw cut surface of the casting illustrated in Fig. 32. 
A severe case of pin hole porosity caused by dissolved 
gas is shown in Fig. 33. Examination of a small area 
or a few pin holes cannot give sufficient evidence to 
determine whether the porosity is shrinkage or gas. 
If the porosity is iocalized in a relatively small area, 
then it is probable that it is due to shrinkage. If the 
porosity is found throughout the casting, it is prob- 
ably the result of gas which dissolved in the melt dur- 
ing processing. 

It is generally conceded that hydrogen gas is the 
principal source of porosity from dissolved gas in 
aluminum alloys. The hydrogen is picked up by the 
aluminum from any source of moisture or hydrocar- 
bons from which hydrogen can be derived. Alumin- 
num reacts readily with moisture in any form with the 
production of aluminum oxide and hydrogen gas, 
which then dissolves in the aluminum. The solubility 
of hydrogen in aluminum increases rapidly as the 
temperature of the molten metal rises. One of the 
most common causes of gassed aluminum castings is 
improper temperature control during melting where 
the aluminum is allowed to become very hot. If the 
aluminum that has been over-heated is allowed to 
cool slowly down to a low pouring temperature, the 
excess gas will be released from the metal and the 
castings will often be sound. However, this purging 
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action is not reliable and quite often the casting: 
will be found to be porous. 

When aluminum containing dissolved gas is poured 
into the mold and solidifies, there is an abrupt change 
in the solubility of the gas since it is relatively in- 
soluble in solid aluminum. The dissolved gas comes 
out of solution forming the voids as shown in t 
illustrations. 

In oil- or gas-fired furnaces the character of the 
combustion gases is important. If the flame is re 
ducing in nature, that is, if there is insufficient air 
for complete combustion,’ the presence of unburned 
hydrocarbons are a source of hydrogen which can be 
dissolved in the aluminum. From the standpoint of 
minimizing hydrogen porosity, the combustion gas 
should be neutral or slightly oxidizing. The relative 
humidity of the air used for cambustion is also a mea- 
sure of the degree to which a melt of aluminum can 
be gassed. High humidity air is especially bad if the 
metal is over-heated. The use of damp tools, damp 
flux, or the charging of damp or corroded metal, are 
other possibilities that should be checked when at- 
tempting to eliminate pin hole porosity. 

Dissolved hydrogen can be removed from molten 
aluminum by several methods, the most common of 
which is bubbling a gas such as nitrogen (dry, oii 
pumped) through the metal for about 5 min per 100 
lb of metal. The bubbling of chlorine gas through 
molten aluminum is generally conceded to be the 
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Fig. 34—-Reaction porosity found just beneath surface on 
all surfaces of the castings. 














Fig. 35—Porosity resulting from steam evolution in mold. 
Note how porosity follows contours of blades. 





Fig. 36—Severe porosity from steam generation in a 
wet mold. 





Fig. 37—Porosity resulting from air and dross entrain- 
ment in metal stream. 


most effective method of removing dissolved hydrogen 
but its use is not so common since it entails the re- 
moval of the unpleasant fumes which are corrosive on 
iron and steel equipment. Dry fluxes which evolve 
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Fig. 38—Air and dross porosity from severe agitation in 
pouring. 
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Fig. 39—-Air bubbles adjacent to the gate. 





Fig. 40—Air bubbles and dross inclusions in gate area. 


gases when plunged beneath the surface of molten 
aluminum are also used but they are not considered 
to be as effective as the use of nitrogen or chlorine. 
In addition, it is essential that the fluxes be dry or 
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their use is nullified by the moisture which is in- 
troduced in the metal with them. 

(b) Reaction Porosity—This type of porosity is 
found as a concentration of small spherical voids 
immediately beneath the surface of the casting and 
almost invariably on all surfaces—cope, drag and sides. 
Cross-sections through two castings having this type 
of defect are shown in Fig. 34. The principal cause 
of this type of defect is reaction of the metal with 
excessive moisture in the molding sand. The two 
distinguishing characteristics are that it is immedi- 
ately beneath the surface and is found on all surfaces 
of the casting. 


(c) Gas (Steam) Porosity—This porosity is caused 
by the generation of large volumes of steam in the 
mold as it is being filled with molten aluminum and 
is the result of excessive moisture in the molding 
sand. This type is distinct from that discussed above 
in that here the porosity is caused by bubbles of 
steam rising through the molten metal, whereas the 
reaction porosity is caused by a reaction with the 
moisture in the sand resulting in the small voids 
present uniformly beneath the surface of the casting. 
The steam type of porosity discussed here is invari- 
ably found beneath the cope surface of the casting 
and not on the drag or bottom surface of the cast- 
ing. Two examples of this type of porosity are shown 
in Figs. 35 and 36. In both of these cases the metal 
immediately adjacent to the porosity is sound in- 
dicating that there was a minimum of reaction be- 
tween the steam and the body of the metal. The ex- 
cessive use of a swab around the edges of a mold 
cavity can result in the type of porosity shown in 
Fig. 36. 


(d) Entrained Gas (Air) Porosity—This type of 
porosity is one of the most prevalent defects found 
in aluminum sand foundries. The porosity appears 
only on the cope surface of the casting or the upper 
surface of an internal portion of the casting. It ap- 
pears in the form of rounded to very irregular voids 
which may be clean or may be associated with dross. 
They are caused by agitation in the flowing metal, 
probably the major portion of which occurs in the 
sprue. They are also caused by agitation in the gat- 
ing system or as the metal flows through irregulari- 
ties within the mold cavity. —Two examples of small 
voids partially filled with dross and oxides, are shown 
in Figs. 37 and 38. Two other examples where the 
voids are larger and are more obviously air-bubbles 
are shown in Figs. 39 and 40. Figure 32 in addition 
to showing dissolved gas porosity on the saw cut sur- 
face, also shows entrained gas porosity on the sur- 
face of the casting surrounding the saw cut. This 
porosity was revealed by a normal sand blasting oper- 
ation. The area shown in Fig. 40 is that immediately 
above a gate in a very large heavy casting. 

This type of defect is caused primarily by one of 
the most neglected phases of aluminum foundry prac- 
tice—the pouring operation itself. It has been ob- 
served that aluminum foundrymen will control and 
carefully check all other phases of the casting of 
aluminum and then allow the metal to be poured in 
a most haphazard and unsupervised manner. Because 
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of the low density of aluminum (as compared to 
brass or bronze), bubbles (and associated dross) in- 
troduced into the metal stream are not readily broken 
and are easily carried in the moving stream of metal 
to find their way into the casting where they rise to 
the surface, giving the defect illustrated. It is most 
essential that the sprue be kept full of metal from 
the beginning of the pour through to the end. The 
crucible or ladle must also be held within an inch 
or two of the top of the sprue to prevent the entrain- 
ment of air into the metal stream because of the 
force of the metal entering the sprue. If the pouring 
operation is correctly done the oxide skin on the sur- 
face of the metal in the ladle, on the stream, and on 
the surface of the full sprue will be continuous and 
stationary, with the liquid metal moving beneath it. 
When this condition exists it is not possible for air 
to enter the metal stream at this point. The design of 
the gating system should be such that the metal flows 
smoothly without turning sharp corners or tumbling 
over irregularities and is introduced into the mold 
cavity without splashing. Often a gate is at a high 
point on a casting and the metal is forced to fall 
vertically several inches or a foot within the mold. 
The resultant splashing can easily lead to the types 
of defects discussed. Application of the principles 
demonstrated in the A.F.S. motion picture, “Fluid 
Flow in Transparent Molds” will do much towards 
the elimination of defects such as discussed in this 
section. 

In conclusion, it is hoped that this discussion has 
served to illustrate the most common defects ex- 
perienced in the production of aluminum alloy sand 
castings. Because of space limitations it has not been 
possible to completely discuss each type and the many 
variables that enter into its cause. Also, it has not 
been possible to completely explain all of the cor- 
rective or preventive measures that could be used 
for their elimination. The correct identification of 
the defects so that the proper remedies are used, re- 
mains the most important factor in improving the 
quality of castings. Increased knowledge of the types 
of defects and their causes should enable foundry- 
men to more easily improve the quality of aluminum 
sand castings and thereby benefit the industry as a 
whole. 


DISCUSSION 


Chairman: A. CristeLLo, American Light Alloys, Inc., Little 
Falls, N. J. 

Co-Chairman: H. E. Etxtiotr, The Dow Chemical Co., Bay 
City, Mich. 

Recorder: A. CRISTELLO. 

HirRAM Brown:* I should like to commend the author of this 
paper not only for the excellent technical content and his con- 
tribution to the industry, but for his courage in presenting such 
work. This is a highly debatable subject. It has taken the 
author several years to collect the necessary samples and photo- 
graphs required for this work. I am sure that the paper will be 
an important contribution to A.F.S. knowledge, and it is hoped 
that this will become a part of our revised Recommended Prac- 
tices for the Light Metal industry. 

R. C. BoruM:? Mr. La Velle has presented a fairly complete 
report on the common aluminum sand casting defects. However, 


1 Chief Metallurgist, Solar Aircraft Co., Des Moines, Iowa. 
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we have recently encountered a condition which I believe merits 
some discussion, namely pinhole porosity on the drag side of 
alloy 355 castings. This defect has also been observed on alloy 
356 parts, although not as pronounced. The severity of the 
porosity appears to be related to the section size, the voids 
generally are larger and more numerous at the more massive 
areas of the casting. 

The addition of about 1 per cent boric acid to the sand mix- 
ture was found to eliminate the surface voids. Furthermore, no 
adverse effect was observed on castings of alloys 43, 356, 220, or 
195. This is the opposite to the ‘resuits reported earlier in the 
discussion that pinhole porosity on the cope surface of alloy 356 
castings was obtained when small amounts of boric acid was 
accidentally introduced into the sand. 

C. F. Zasriskie:* I should like to submit as an additional 
cause of pinhole (surface) porosity in Alcoa 355 and 356 alumi- 
num alloy castings, that as little as 0.05 per cent of boric acid 
in aluminum molding sand as an impurity picked up from 
magnesium molding sand, can cause severe pinhole porosity par- 
ticularly in heavy sections of castings. 

This condition was verified by pouring heavy test castings, 
3 in. x 3 in. x 6 in, at 1400 F in new molding sand of the follow- 
ing composition as control: 

Grade “E” Washed Silica Sand (92 A.F.S. Fineness) 
6% Bentonite (50% Western, 50% Southern) 
4%, Moisture 


* Chief Metallurgist, Wellman Bronze & Aluminum Co., Cleveland. 


* Foundry Metallurgist, Sperry Gyroscope Co., Div. of The Sperry Corp., 
Great Neck, Long Island, N. Y 
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Then to some of the above sand 0.05 per cent boric acid was 
added and well mulled. Molds from the same pattern were then 
poured also at 1400 F. 

Those castings poured in new sand were entirely free of pin- 
hole porosity, while those poured in boric acid treated sand 
contained severe surface pinhole porosity extending to a depth 
as great as 3/32 in. This was verified by slicing a 14 in. section 
across the long axis of the casting and X-raying it to show the 
depth of porosity. 

Where aluminum molding sand regularly becomes contamin- 
ated with boric acid, the following action may be taken to 
correct the ill effects of same: 

1. Periodically replace the entire contaminated heap or system 
sand. 

2. Isolate the aluminum floor entirely from the magnesium 
floor including separate core shake-out facilities. 

3. When contamination reaches the point where porosity 
commences to appear, face all heavy molds with new molding 
sand and back up mold with the contaminated sand. This will 
prevent formation of pinhole porosity from this source. 

MemMBeR: If aluminum alloys are cast in sand used for mag- 
nesium alloys the boric acid in the sand caused surface defects in 
the aluminum castings. 

M. E. Brooks:* I know of one foundry where No. 220 alloy 
was cast in magnesium foundry sand with good results. Perhaps 
the inhibitors in magnesium foundry sand affect some aluminum 
alloys but not others. What was the alloy referred to above? 

Memper: The alloy referred to was No. 256 alloy. 


* Foundry Engineer, The Dow Chemical Co., Bay City, Mich. 











BASIC REFRACTORIES 


By 
M. W. Demler* 
ABSTRACT Table 1 shows in general terms the comparisons in 
Since the early development of the basic-lined cupola for the physical properties of the more or less standard- 
commercial iron melting, a number of very informative papers ized classes of basic refractories now manufactured in 
have been written on the subject. These papers have dealt with the United States. 
the differences in metallurgy involved between acid and basic In addition to the important properties of basic 
practice, the water-cooled cupola versus the conventional cupola, refractories such as chemical composition, spalling re- 
as well as many of the other complicated problems connected ‘ : ; 
with basic cupola operation. sistance and high temperature strength, for use in 
It is the furpose of this paper to briefly review the refractories cupola linings, thermal expansion and conductivity 
used for acid practice as compared with those required for are of particular significance in connection with the 
basic practice, and to discuss the application of basic refrac- most advantageous installation. 
tories for cupola linings. Figure | shows the reversible thermal expansion of 
In acid cupola practice, slag has generally been several refractory materials. Alumina-silica brick ex- 
treated merely as a necessary accessory. As long as the pand at the rate of approximately 4%, in./ft, while 
slag has been sufficiently fluid and of the lowest pos- magnesite brick, as shown in the curve, expand ap- 
sible volume, little interest has been shown except in proximately three times as much or %¢ in./ft over the 
its disposal. Since the limestone charge is held to a operating temperature range of the cupola. Provision 
minimum, and the coke ash is acid in character, an must be made for this increased expansion. This is 
alumina-silica refractory such as the usual fireclay done by placing cardboard strips or other readily 
brick of the several commercial classes is suitable for combustible material between the brick around the 
the linings. perimeter of the lining, as well as between the vertical 
The acid slag results from the fluxing of coke ash courses of basic brick. As the temperatures increase, 
(SiO?Al,0;), sand (SiO,), the firebrick lining the cardboard strips will burn out as the brick ex- 
(Al,O3+SiO.) and the limestone. The calcium-sili- pand. eas apt 
cate slag has low basicity with limited desulphurizing Some exception is taken to this in the well of the 
properties. In order to desulphurize in the cupola, it cupola, since initial temperatures are not sufficiently 
is necessary to increase the basicity of the slag by in- 
creasing the percentage of limestone and sometimes a ee 
other fluxing agents in the charge. This causes exces- 
sive lining erosion of the conventional alumina-silica 
refractories. It was evident that, if desulphurizing was ; 
to be accomplished in the cupola, refractories that 8 
would resist the reaction from the basic slags were a z « 
necessity. « . 
a =z 
Physical Properties of Basic Lining Materials 3 z 
Several decades ago only two general classes of basic : 3 
refractories were available, namely, prefired magnesite - : 
and chrome brick. Today, many more kinds are man- : : 
ufactured regularly and used extensively. While there . : 
is considerable overlapping in their many uses, the 7 
distinctive properties of each render it particularly 
suitable for certain conditions and purposes. 200 400600 80010001200 1400 1000 1600 2000 2200 2400 2000 2800 
TEMPERATURE, DEGREES FAHRENHEIT, 
*Technical Sales Dept., Harbison-Walker Refractories Co., 
Pittsburgh, Pa. Fig. 1—Reversible thermal expansion of refractory brick. 
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high to absorb this extra expansion allowance, and 
leakage of metal might occur. It has been found sat- 
isfactory to allow expansion only in the melting zone 
proper of the cupola. 

Figure 2 illustrates the thermal conductivity of sev- 
eral refractory materials. This is important when 
considering basic linings, since the heat conductivity 
through a lining composed of magnesite refractory is 
approximately double the amount of heat transfer 
through a high-duty fireclay lining at a temperature 
of 2800 F. In order to prevent damage to the cupola 
shell, it is recommended that a course of high-duty 
fireclay brick be placed between the inner basic lining 
and the shell. 


Refractory Lining Materials 


Experience has shown that refractory linings in 
basic cupola operation are subject to so many operat- 
ing variables that predictions based on theory or 
analogy regarding their life in service are likely to 
be wide of the mark. Results achieved from a given 
refractory material at any one plant under the con- 
ditions there prevailing are generally an insufficient 
basis for definite conclusions as to the probable be- 
havior of the same material in another plant where 
operating conditions are different. It must be re- 
membered that, if a basic lining is used, a basic slag 
must be maintained by increasing the limestone 
charge over that previously used on the acid opera- 
tion. 

Hard-burned magnesite brick, containing 88 per 
cent magnesia are most generally being used for lin- 
ing basically operated cupolas. This is the same type 
of refractory that has been used successfully through 
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TABLE 2—COMBINATIONS OF SHAPES REQUIRED FOR 
Various Basic LINING DIAMETERS 





Pieces per Course Required for 








Diameter Cupola Linings (see Fig. 3) 
Inside Shape Shape 
Lining, in. SW-6-1 SW-6-2 
27 10 18 
32 16 15 
37 21 14 
42 27 ll 
45 30 10 
48 33 9 
54 39 7 
60 47 4 
66 53 2 

72 59 — 





the years for basic open-hearth steel furnaces, basic 
electric melting furnaces, and in non-ferrous refining 
and melting furnaces. 

A somewhat newer class of magnesia brick than the 
usual burned basic magnesite refractory has been 
found satisfactory for certain locations where both 
the metal and basic slag impose more severe service 
on the refractories. This refractory, accurately termed 
periclase, is higher in magnesia content and lower in 
other oxides such as silica, lime, ferric oxide and 
alumina than the conventional magnesite brick. Per- 
iclase brick, containing approximately 92 per cent 
MgO, have a definite application for tap-holes, lining 
troughs of front slagging cupolas, and forming the 
slag knife. 

High-fired chrome-magnesite refractories are being 
used successfully for the breast as well as for slag-hole 


TABLE 1—PROPERTIES OF BASIC REFRACTORIES 











Stability 
Apparent Modulus Resistance of Volume Strength Thermal 
Principal Porosity, Weight, of Rupture, to at High at High Expansion 
Type Bond Minerals % Ib/cu ft psi Spalling Temperatures Temperatures} at 2600F,% 

Chrome- 

Chrome Fired Spinel 18-21 190-200 1200-2000 Fair Fair Fair 1.2 
Chrome- 

Chrome- Spinel 

Magnesite Chemical _Periclase 18-22* 192-202 750-1200 Excellent Excellent Excellent 2.1 
Chrome- 

Chrome- High- Spinel 

Magnesite Fired Periciase 20-24 184-194 1100-1500 Good Excellent Excellent 1.2 
Forsterite 

Magnesite 

83-88 MgO Fired Periclase 18-22 165-175 2000-3000 Fair Fair Fair 2.1 

Periclase 

92-98 MgO Fired Periclase 20-26 167-177 2200-2600 Good Good Excellent 2.1 
Periclase 

Magnesite- Chrome- 

Chrome Chemical Spinel 18-22* 177-187 1000-1400 Excellent Good Good 2.1 

Spinel- Periclase 

Bonded Chrome- 

Magnesite- Spinel 

Chrome Fired Magnesia- 21-24 170-180 800-1100 Excellent Excellent Excellent 15 
Alumina- 
Spinel 

Forsterite Fired Forsterite 21-24 157-167 750-1000 Good Good Excellent 1.8 


*Porosity determined after heating the brick to remove non-permanent bonding ingredients from pores. 
+The strength at high temperatures is measured by the temperature of failure in the load test at 25 psi. “Fair” corresponds to a 


temperature of failure between 2400 and 2600 F; “Good,” 2600 to 2850 F; “Excellent” above 2850 F. 
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construction on a rear-slagging cupola. Some of the 
desirable physical properties of this refractory are 
attributable to the unusually high temperature at 
which the brick are fired. It follows that its constancy 
of volume in high temperature soaking heats is ex- 
ceptionally good. Spalling resistance is higher than 
that for other prefired basic refractories. In strongly 
reducing atmospheres at high temperatures, the ox- 
ides of iron do not affect seriously the chrome-magne- 
site composition. 

Burned chrome-magnesite brick have not been used 
for lining the melting zone of the basic cupola since 
some metallurgy precludes the use of chrome due to 
the danger of metallic chrome pickup in the metal. 

While forsterite is one of the newest types of basic 
refractories, it is well established for use as a furnace 
lining material in many applications. The results of 
some few trials of forsterite brick in a basic cupola 
melting zone lining indicate that further investigation 
is warranted. The mineral forsterite (2MgO.SiO,) 
has the composition corresponding to 57.3 per cent 
MgO and 42.7 per cent SiO,. The melting point of 
the pure mineral is 3470 F. Forsterite refractories are 
characterized by their unusually high strength under 
load at high temperatures. This property, together 
with its high refractoriness and chemical composition, 
commended it for consideration in the melting zone 
of basic cupolas. 

With the development of chemically bonded mag- 
nesite brick having high resistance to spalling and 
some other especially desirable properties, the use of 
a basic lining of this type also deserves investigation. 


CONDUCTIVITY 
@ T. U. PER HOUR /SQUARE FOOT/ DEGREE F. TEMPERATURE DIFFERENCE, FOR ONE INCH THICKNESS 
wy ‘ ‘ 





400 1200 1600 2000 
TEMPERATURE -CEGREES FAHRENHEIT 


Fig. 2—-Approx. thermal conductivity of refractory brick. 
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According to practice as most widely estabhshed at 
present, the basic lining is installed from the bottom 
of the cupola to a height of approximately 4 ft 6 in. 
above the tuyeres. Experience, so far, indicates that 
it is not economical to carry the basic lining for the 
entire height to the charging door. 

Figure 3 illustrates shapes SW-6-1 and SW-6-2 which 
are 6 x 414 x 3-in. key brick, and are laid to form a 
6-in. lining thickness. 

Table 2 indicates the number of pieces of each of 
the above shapes necessary to form a given inside 
diameter of lining. If a 12-in. total lining is used 
in the acid operation, an inner 6-in. lining of basic 
brick backed up with a 6-in. lining of regular high- 
duty fireclay cupola blocks is recommended. 

A 2 or 3 in. thick high-duty fireclay brick course 
may also be used back of the 6-in. basic lining, de- 
pending upon the total thickness of lining desired. 

The basic brick are advantageously laid with 
dipped joints of air-setting high magnesia content 
mortar. 

In the melting zone expansion is provided for by 
placing cardboard strips between the brick, both 
around the perimeter and vertically, allowing for an 
expansion rate of approximately %¢ in. /ft. 

For the slag-hole and tap-hole, the high-fired high- 
magnesia or burned chrome-magnesite refractories, as 
well as basic ramming mixes, are reasonably satis- 
factory, although results are somewhat variable. Some 
operators have used a cast bronze water-cooled slag 
tap which serves the purpose and lasts for several 
heats. 


Refractories for Daily Maintenance 


In some cases it has been found that, if a basic 
slag is maintained, the consumption of the refrac 
tories in a basically operated cupola is much less than 
is the case in acid operation. Three general methods 
are being used for maintenance by patching. These 
are as follows: 

1. Allow the lining to be slagged back after several 
days of operation until there is sufficient space for 
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patching with 9 x 414 x 2l%-in. straight brick laid 
with a high-magnesia air-setting mortar. 

2. Hand patch after each day’s operation with a 
basic ramming mixture. This mixture can be 
rammed to a dense monolith. It has air-setting prop- 
erties which work to advantage in the patching opera- 
tion. 

3. By means of an air-placement gun, various basic 
gun mixtures may be used for daily maintenance of 
the lining. 

The cost of an initial basic lining is approximately 
three times that of a regular high-duty fireclay brick 
lining. It is therefore important, for reasons of 
economy, to fully study the metallurgy connected 
with basic cupola operation. 


General Considerations 


1. After the initial basic lining has been installed, 
it is generally agreed that a brush coat of a high mag- 
nesia air-setting mortar, or 14 to 114 in. of the basic 
batch provides protection to the lining and mini- 
mizes wear during the first heat. 

2. The same bottom sand which is used for acid 
operation may also be used for basic operation, ex- 
cept that from 14 to 1 in. of a basic ramming material 
is usually tamped in place on top of the sand. 

3. Gas or oil burners should be placed in the 
cupola after the basic lining has been installed. A 
minimum of 8 hr is required to completely dry the 
lining, to establish satisfactory temperature equilib- 
rium through the basic brick, and to allow the initial 
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expansion to occur. This is a proper safeguard against 
thermal spalling of the basic refractories when the 
cupola is initially operated. If ramming mixes are 
used for slag and tap holes, a separate burner should 
be used to completely dry them and obtain a ceramic 
set. 


DISCUSSION 


Chairman: R. A. WitscHey, A. P. Green Fire Brick Co., Chi- 
cago. 

Co-Chairman: §. F. Carter, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Recorder: R. A. Witscuey and S. F. CARTER. 

W. R. JAEscHKE:* Will you please expand your comments 
relative to the application of Forsterite? 

Mr. DEMLER: Yes, Forsterite is extensively used in glass tank 
checkers and in the basic copper converter with satisfactory re- 
sults. Forsterite brick are slightly cheaper than other basic brick. 
Investigations are being continued on the development of main- 
tenance materials using olivine. We have it in a couple cupolas 
in test panels now and initial observations are encouraging. 

A. H. THomson:? Have you tried steel plates between brick, 
like metal casing of brick? 

Mr. DEMLER: We did not try this as far as I know. 

Mr. THOMSON: This practice has been considered in Canada 
for that section immediately above the tuyeres for the same 
reasons that apply in electric furnace and open hearth practice. 

CHAIRMAN WitscHEy: Mr. Roudabush, has your company had 
any experience with metal case brick in cupola operation? 

N. W. RoupasusH: * No, we have not. We would be concerned 
over the iron oxide slag reaction. We too are investigating the 
field of patching materials and have tried unburned chemically- 
bonded magnesite chrome. 








1 Whiting Corp., Harvey, IIl. 
2 Canadian Refractories, Ltd., Montreal, Que., Canada. 
* General Refractories Co., Philadelphia. 








APPLICATION 


OF CHILLS TO INCREASING THE FEEDING 


RANGE OF RISERS 


By 


E. T. Myskowski,* H. F. Bishop* and W. S. Pellini** 


ABSTRACT 


The length of steel plate and bar castings which can be made 
sound when directional solidification is aided by the use of 
adequate steel chills has been determined radiographically and 
related to the thermal gradient conditions in both the casting 
and chill. It was found that for steels containing 0.25 to 0.35 
per cent carbon the maximum distance in inches (D) which can 
be made sound with one riser follows the empirical rules given 
by the formulae D (Plates) = 4\4T + 2 in. and D (Bars) = 
6 VT + T where T = casting thickness. Chills placed between 
risers promote soundness for a distance equal to 2D (1D in each 
riser direction). 

Similar studies made with high conductivity copper and water 
cooled chills show that the added improvement in soundness 
obtainable by such chills is negiigible. 

The basic effects of chill behavior as related to heat flow and 
solidification mode are discussed. 


Introduction 


Previous reports'? have shown that the distance 
which plate and bar castings of uniform thickness 
can be fed to soundness is a function of the gradients 
produced by the heating effect of the risers and the 
chilling effects of casting edges. It was shown also 
that the different geometries of plate and bar sec- 
tions influence feeding—barely measurable longitudin- 
al temperature gradients of | to 2 F per in. are suf- 
ficient to provide feeding for plates while gradients 
of at least 6 to 12 F per in. are necessary for feed- 
ing bar sections. The extent of the gradients in solidi- 
fying plate sections up to 4 in. in thickness is such 
that a plate can be fed to complete soundness when 
its length, as measured from the riser perimeter to 
the edge, is equal to 414 times the plate thickness 
(414T). Of this distance 214 times the plate thick- 
ness is made sound as a result of gradients originat- 
ing from the casting edge. Bar sections between 2 
and 8 in. in thickness can be fed for a distance equal 
to 6 times the square root of the bar thickness 
(6\/T) and the sound zone resulting from casting 
edge gradients varies from 4 in. for the 2-in. bar to 
11 in. for the 8-in. bar. 





* Metallurgist and **Head, Metal Processing Branch, Metal- 
lurgy Division, Naval Research Laboratory, Washington, D.C. 

Opinions set forth in this paper are those of the authors and 
do not necessarily reflect the opinions of the Navy Dept. 
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Later work® showed that a bar casting completely 
surrounded with chills will complete its solidification 
in 20 to 25 per cent of the time required for a similar 
casting in a sand mold. This suggested that chills 
suitably placed at casting edges would increase the 
rate of solidification and cause am increase in the 
expanse of a bar or plate which could be made 
sound with a single riser. 

Plate and bar castings were accordingly made as in 
previous studies with the riser located at one end but 
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Fig. 1—Chill locations in experimental plate and bar 
castings. 
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with the sand at the casting end opposite the riser 
replaced with medium carbon steel chills. Chill tests 
were also made on castings which were sufficiently 
long to require two risers, in which case the chill was 
located on the drag surface of the casting midway be- 
tween the risers with the aim of developing gradients 
which would extend toward each riser. The effective- 
ness of high conductivity chills such as copper was 
also explored. The soundness of the resultant cast- 
ings was determined by means of transverse radio- 
graphy of 1-in. thick strips removed from the center 
of the castings. 

In selected cases thermal studies were made on the 
chill material and the solidifying casting in order to 
relate the degree of soundness to the gradient condi- 
tions. The thermometry techniques employed are 
described in detail in earlier papers.’:?3 Briefly, the 
casting temperatures were determined by means of 
suitably insulated and protected Pt, Pt-Rh (13% 
thermocouples inserted into the mold cavity so that 
their junctions were at the casting center line. Chill 
temperatures were obtained by means of chromel- 
alumel couples, flash welded into the bottom of %4.- 
in. diam holes which had been drilled at the desired 
distances from the interface along the chill center 
line. The temperatures were recorded on 16-point 
automatic recorders. All castings were poured at 
2950 F+25 F with induction melted steel containing 
0.25 to 0.35 per cent carbon, 0.50 to 0.80 per cent 
manganese, and 0.30 to 0.50 per cent silicon. Final 
deoxidation was accomplished by the addition of 0.10 
per cent of aluminum to the ladle. 


Molding Techniques 


Various lengths of bar castings having cross-sections 
of 2x 2, 3 x 3, 4.x 4, 6 x 6 and 8 x 8 in. and plate 
castings having thicknesses of 1, 2, 3 and 4 in. with 
widths equal to 5 times their thickness were cast in 
the horizontal position. Earlier studies’ indicated 
that plates of 5 to 1 width to thickness ratios behaved 
essentially as plates of infinite width—i.e., solidifica- 
tion from the side edges did not interfere with longi- 
tudinal solidification. The bars were fed by risers 
having diameters equal to 114 times the bar thick- 
ness and the plates were fed by risers having diam- 
eters equal to 3 times the plate thickness; the riser 
heights were at least 114 times their diameters. In 
all cases the risers were sufficient to eliminate under- 
riser shrinkage. 

The chills at the ends of the castings had the same 
cross-section as the casting, Fig. 1, and were located 
such that they were extensions of the castings. Chills 
located at the center of castings between two risers 
were of the same shape as in the single riser castings, 
but in these cases the chill surface which had been 
in contact with the casting end was now in contact 
with the drag surface of the casting as is also shown 
in Fig. 1. 


Study of Chill Behavior 


For purposes of this investigation it was desired 
that the chill would promote more extensive direc- 
tional solidification by developing a continuing rapid 
rate of heat removal throughout the entire solidifi- 
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cation period of the casting. Momentary and local- 
ized effects such as obtained by the conventional use 
of chills at hot spots where the chill is only required 
to balance out the hot spot condition were not con- 
sidered. 

Previous investigations* have shown that the rate 
of heat removal which is maintained by a chill is 
determined primarly by the thermal capacity of the 
chill, which is a function of its thickness, and second- 
arily by the formation of an air gap at the chill metal 
interface, which acts as a barrier to heat flow. Thin 
chills of inadequate thermal capacity become satur- 
ated with heat before the casting completes its solidi- 
fication, after which time, from a thermal standpoint, 
the chill may be considered essentially as an exten- 
sion of the casting. Very thick chills of over-ade- 
quate heat capacity do not become appreciably heated 
at their outer regions during the freezing of a cast- 
ing; while such chills maintain’ a continuing rapid 
rate of heat removal and serve the purpose for which 
they are intended, generally they are not practical. 
The practical and technically adequate chill is char- 
acterized by reaching and maintaining approximate 
temperature equilibrium at the interface while the 
outer regions continue to rise in temperature during 
the intermediate and late stages of solidification. A 
continuing, rapid rate of heat removal is thus main- 
tained by such a chill. 

The first experiments were aimed at determining 
(1) the minimum chill thickness which could be con- 
sidered adequate, and (2) the existence and effect of 


TABLE 1—SUMMARY OF RADIOGRAPHIC DATA FOR 
DETERMINATION OF ADEQUATE ENpD CHILLS 





Heat Casting Chill Distance Sound 





No. Thickness, Thickness to be End Remarks 
In. Fed, In. Zones, In. 
PLATES 
48 1 1T 10 31% Shrinkage 
72 1 2T 10 31% Shrinkage 
101 2 14T 14 6 Shrinkage 
101 2 YT 14 614 Shrinkage 
101 2 1T 14 71% Shrinkage 
53 2 ‘1T 14 7%, Shrinkage 
59 2 “aT 14 7% Shrinkage 
81 4 1%4T 20 10 Shrinkage 
5 + 1T 22 12 Shrinkage 
65 4 1T 24 13 Shrinkage 
77 4 “2T 20 _ Sound 
57 4 aT 22 13 Shrinkage 
BARS 
30 4x4 YT 24 814 Shrinkage 
30 4x4 YT 24 1014 Shrinkage 
55 4x4 YT 20 11 Shrinkage 
30 4x4 “1T 24 1014 Shrinkage 
30 4x4 114T 24 ll Shrinkage 
102 6 x 6 YT 22 11 Shrinkage 
102 6x 6 14T 22 131% Shrinkage 
83 6 x 6 YT 22 13 Shrinkage 
83 6x 6 “1T 22 13 Shrinkage 
31 8x 8 Y%4T $2 1314 Shrinkage 
37 8x 8 YT $2 17 Shrinkage 
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Fig. 2—-Temperature cycles at various distances from the interface in %2T (left), 1T (center) and 2T (right) steel 
chills located at the end of 4-in. thick plate castings. 


an air gap. To determine adequate chill sizes, chills 
having thicknesses between 4 and 2 times the cast- 
ing thickness (14T and 2T) were placed at the ends 
of plates and bar castings having lengths in excess of 
the critical size which could be made sound. Chill 
effectiveness was evaluated by measuring the length 
of the sound end zones from transverse radiographs 
made of the castings. Thermal measurements were 
also made in one series of chills of varying thicknesses 
which had been indicated radiographically to range 
from inadequate to over-adequate. At this point in 
the experimental work, the effect of the air gap was 
not known. To eliminate possible variations due to 
air gap formation, 14-in. diameter steel rods, threaded 
over their entire length, were screwed into each chill 
so that about an inch of the rod protruded into the 
mold cavity thus effectively bolting the chill in in- 
timate contact with the casting following the forma- 
tion of a solid skin. 

The radiographs indicated that 14T chills were 
fully effective for bars and 1T chills were similarly 
adequate for plates. Chills of greater thicknesses 
caused no significant increase in the length of the 
sound end zone over the length noted for the ade- 
quate chills, Table 1. 

It should be noted that the subject application re- 
quires chills of greater thickness than would be re- 
quired for uses entailing a short time effect only. 
Troy* has shown that when chills are used on bosses 
to prevent localized shrinkage, smaller chills are ade- 
quate since they must be effective through only a por- 
tion of the solidification process. In fact, as Troy 
points out, oversize chills in such cases can actually 
be deleterious since they may block feeding to regions 
in the casting beyond the chills. 

The thermal cycle studies, Fig. 2, which were made 
on YT, IT and 2T chills at the ends of 4-in. thick 
plate castings corroborated the radiographic findings. 
It can be noted from Fig. 2 that the interface of the 


overadequate 2T chill reaches a maximum tempera- 
ture within 3 min and thereafter its temperature falls 
gradually. The temperature 14 in. from the inter- 
face also begins to decline before the end of solidi- 
fication, while at greater distances from the interface 
temperatures are constantly rising. These tempera- 
ture cycles indicate that at late stages of solidifica- 
tion the remote regions of this chill absorb heat from 
interface regions at a faster rate than the interface 
receives it from the casting. All locations in the 4T 
chill reach a maximum temperature between 40 and 
50 min after pouring indicating heat saturation at 
this point. During the last 15 min of solidification 
this chill maintains an essentially constant thermal 
condition indicating that it is passing but not absorb- 
ing heat; this chill thus acts as an extension of the 
casting rather than a heat extracting agent during this 
period. The 1T chill, which was shown to be ade- 
quate by the radiographic tests, reaches a maximum 


. temperature at its interface in approximately 30 min, 


after which the interface temperature remains essen- 
tially constant during the remainder of the solidifica- 
tion process. The chill regions beyond the interface 
continued to rise in temperature until the end of 
solidification, indicating continuing absorption of 
heat by the chill in addition to heat passage. 

A limited number of radiographic studies were 
made to determine if the chills used in the single- 
riser plate-systems were adequate for use in plate- 
systems with chills between two risers. A small and 
possibly not significant difference was noted between 
the formerly described adequate 1T chill and the 
overadequate 2T chill. It was accordingly decided 
as a precaution to use chills of twice the thickness 
used for the single riser systems. This procedure was 
followed for both plates and bars for all tests of 
chills placed between risers. 

Normal molding procedures for horizontal castings 
with no provisions for maintaining intimate chill 
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casting contact would appear to be favorable for the 
formation of an air gap since the riser would anchor 
the end of the casting to which it was attached and 
cause the cooling and contracting casting to pull away 
from the chill. To determine whether or not an air 
gap formed under normal molding procedures, tem- 
peratures were measured at the interfaces of free and 
secured chills at the ends of 4 x 4 x 20-in. bar castings 
as they solidified. The thermal curves thus obtained 


Temp °F 





40 50 60 
Time (Minutes) 


Fig. 3—Temperature cycles at the interface of secured and 
unsecured chills located at the end of 4x4-in. bar castings. 


TABLE 2—SUMMARY OF RADIOGRAPHIC TESTS ON END 
CHILLED PLaTEs (1T CHILLs) 








Heat Plate Distance Sound Chill 
No. Thickness, to be End Type Remarks 
In. Fed,In. Zone, In. 
48 ] 5 _— Secured Sound 
48 1 6 —_ Secured Sound 
48 1 7 — Secured Sound 
59 1 7 _— Free Sound 
48 1 8 314 Secured Shrinkage 
59 1 8 31% Free Shrinkage 
79 1 8 3 Free Shrinkage 
48 1 9 3 Secured Shrinkage 
59 1 9 4 Free Shrinkage 
79 1 9 31% Secured Shrinkage 
72 1 10 314% Secured Shrinkage 
48 1 10 31% Secured Shrinkage 
79 1 10 4 Free Shrinkage 
88 1 12 Aly Secured Shrinkage 
Aver 31% 

58 2 10 — Sound 
58 2 11 _ Sound 
58 2 12 — Sound 
53 2 12 8 Shrinkage 
53 2 14 7% Secured Shrinkage 

101 2 14 7% Secured Shrinkage 
59 2 14 7% Secured Shrinkage 
59 2 16 814 Secured Shrinkage 
59 2 18 7% Free Shrinkage 

Aver 7% 

75 3 15 — Free Sound 
93 3 15 — Secured Sound 
73 3 17 94% Secured Shrinkage 
72 4 20 — Free Sound 
77 4 20 _— Secured Sound 
77 4 20 — Secured Sound 
57 4 22 12 Secured Shrinkage 
65 4 24 13 Secured Shrinkage 
58 4 26 14 Secured Shrinkage 
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are shown in Fig. 3. An air gap forms between the 
unattached chill and its casting at about 2 min after 
pouring as indicated by the sharp temperature re- 
versal; during the remainder of the solidification pro- 
cess the interface temperature of this chill remains 
between 150 and 200 F lower than that of the secured 
chill. The air gap however does not impede heat 
flow sufficiently to impair the effectiveness of the 
chill. This was shown by casting, in duplicate, several 


TABLE 3—SUMMARY OF RADIOGRAPHIC TESTS ON END 
CHILLED Bars (14T CHILLs) 








Heat Bar Distance Sound Chill 
No. Size, to be End Type Remarks 
In. Fed,In. Zone, In. 
52 2x3 9 — Free Sound 
40 2x2 9 — Secured Sound 
52 2x2 10 — Free Sound 
40 sag 10 — Secured Sound 
35 2S & | 10 — Secured Sound 
32 2x2 10 — Free Sound 
52 2x2 1] 514 Free Shrinkage 
40 2x2 11 5 Secured Shrinkage 
35 2x2 11 51% Secured Shrinkage 
32 222 1] 41, Free Shrinkage 
52 2x2 12 5% Free Shrinkage 
40 2x2 12 5 Secured Shrinkage 
35 2x2 12 414 Secured Shrinkage 
$2 <2 12 5 Free Shrinkage 
35 2x2 13 514% Secured Shrinkage 
32 2x2 13 5 Free Shrinkage 
35 222 14 414%, Secured Shrinkage 
32 2x2 14 41, Free Shrinkage 
Aver 5 
85 $x3 12 — Free Sound 
74 3x 3 12 — Secured Sound 
85 $x 8 13 7 Free Shrinkage 
85 $x$ 14 8 Free Shrinkage 
74 $x8 15 7 Secured Shrinkage 
74 $x8 18 74% Secured Shrinkage 
Aver. 7% 
33 4x4 14 _ Free Sound 
34 4x4 14 — Secured Sound 
33 4x4 16 — Free Sound 
33 4x4 18 — Free Sound 
34 4x4 18 — Secured Sound 
43 4x4 20 1114 Free Shrinkage 
43 4x4 20 114%, Secured Shrinkage 
55 4x4 20 1014 Free Shrinkage 
55 4x4 20 11 Secured Shrinkage 
33 4x4 20 101% Free Shrinkage 
34 4x4 20 11144 Secured Shrinkage 
36 4x4 21 12 Free Shrinkage 
36 4x4 22 12 Free Shrinkage 
36 4x4 23 101% Free Shrinkage 
30 4x4 24 1014 Secured Shrinkage 
Aver. 11 
89 6 x 6 18 _— Free Sound 
89 6x6 19 — Free Sound 
82 6 x 6 20 — Secured Sound 
102 6x6 22 1314 Secured Shrinkage 
83 6 x 6 22 13 Secured Shrinkage 
84 6x 6 24 13 Free Shrinkage 
Aver. 13 
42 8x 8 24 — Secured Sound 
45 8 x 8 25 18 Secured Shrinkage 
66 8x8 26 18 Secured Shrinkage 
66 8x 8 26 17 Free Shrinkage 
37 8x8 32 17 Secured Shrinkage 
Aver. 1714 
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Fig. 4—Soundness relationships for chilled and unchilled plates (left) and bars (right). 


plate and bar castings of different sizes chilled with 
adequate chills both free and secured. The radio- 
graphs of these castings showed close agreement, 
Tables 2 and 3. 

Troy? also has shown that chills placed on cope 
surfaces of castings where conditions are favorable 
for air gap formation are equally as effective as drag 
chills. 


Feeding Distance with Chills at Casting Edge 


A summary of the radiographic tests made on end- 
chilled plate and bar castings which were fed with 
single risers are presented in Tables 2 and 3. In all 
cases the casting lengths were measured from the 
periphery of the riser to the end of the casting. In 
castings which were unsound there was a compara- 
tively long sound zone adjacent to the chilled end of 
the casting and a short sound zone adjacent to the 
riser, with shrinkage located between them. As in 
the case of unchilled castings increasing the casting 
length resulted in a like increase in the length of the 
shrinkage zone leaving the sound zones essentially un- 
changed. The average lengths of the sound end and 
riser zones of incompletely fed castings and the maxi- 
mum lengths of the castings which can be made com- 
pletely sound are plotted in Fig. 4 along with similar 
data reported previously for unchilled castings. 

The effect of chilling the edge of plate castings is 
to increase the length of the sound end zone by ap- 
proximately 2 in. which results in approximately a 
2-in. increase in the total length of plate which can 
be made sound. Hence, the maximum plate length 
in the range of | to 4-in. thickness which can be com- 
pletely fed with this chilling and risering practice is 


Gradient °F in. 





Tamp °F 





a er 
Fig. 5—(Bottom) Gradients along the centerplane of 
chilled 2-in. and 4-in. thick plates and (top) Effect of chills 
on the gradient slopes at the time of complete solidification 
of the various positions. 


represented by the empirical formula, D max = 414T 

+ 2 in., where T equals casting thickness in inches. 
Similar data for end-chilled bar castings, Fig. 4, 

indicate that geometry differences cause the bar cast- 
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Fig. 6—( Bottom) Gradients along the centerline of chilled 
and unchilled bar castings and (top) Effect of chills on the 


ings to react differently to chilling than do plate 
castings. The sound end zone in bars of various thick- 
nesses is not increased by a fixed amount as in the 
plates but by a distance which is more nearly equal to 
the casting thickness. As with the plates the in- 
creased end effect is reflected in the total lengths of 
bars which can be made sound, thus making the 
critical bar length approximately equal to D max = 
6 VT + T. 

The relation of the feeding distances in end chilled 
plate and bar castings to the thermal gradient con- 
ditions is shown in Figs. 5 and 6. The bottom graphs 
illustrate the gradient conditions while the upper 
depict the slope of the thermal gradient at the time 
of complete solidification (drop to solidus tem- 
perature) of various points along the casting center 
line. The thermal gradient conditions reported pre- 
viously!.? for unchilled castings are also presented for 
comparison. 

The gradient curves show that the critical gradient 
conditions required for soundness are the same as 
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gradient slopes at the time of complete solidification at 
the various positions. 


determined previously for unchilled castings. The 
previous studies indicated that shrinkage develops in 
plates when the length of the near-isothermal (1 to 
2 F/in. gradients) region at the solidus temperature 
is greater than IT. It is observed, Fig. 5, that the 
2-in. thick, 14-in. long plate shows a near-isothermal 
region in excess of 1T; this plate developed shrink- 
age. The 4-in. thick, 20-in. long plate represents a 
case of the maximum distance which can be fed to 
soundness; it is observed that the limiting 1T length 
of near-isothermal region is developed in this plate. 
Figure 6 shows that the gradient slopes in the 20-in. 
long, 4 x 4-in. bar, which was shown to contain 
slight shrinkage by radiographic tests barely reach 
the minimum value of 6 to 12 F/in. reported to be 
necessary for soundness in bar castings. 

The added feeding distance obtained by the use of 
chills results from the movement of the edge gradi- 
ents toward the riser for greater distances before these 
fall to the limiting condition. It can be noted that in 
the chilled 2 and 4-in. plate castings, Fig. 5, the crit- 
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ical gradient condition extends into the castings for 
distances approximately 2 in. greater than in the un- 
chilled castings. Likewise the minimum gradient at 
the solidus temperature of 6 to 12 F/in. is shown to 
be reached, Fig. 6, in the chilled bar at a distance 
from the casting edge which is approximately 5 in. 
greater than for the unchilled bar. 


Feeding Distance with Chills Between Risers 


It has been shown in previous reports that risers 
promote soundness for a fixed distance regardless of 
the presence or absence of casting edge effects. More- 
over, this distance is relatively short, amounting to 
2T in the case of plates and varying from 2T to 0.8T 
for bars as the section size increases from 2 to 8 in. 
Thus, regions of castings which are located between 
risers and therefore do not benefit from casting edge 
effects can be fed only for distances equal to the 
sum of the contributions of the two risers. 

The intreduction of a chill at the midpoint be- 
tween two risers develops an artificial casting edge 
condition which results in a marked increase in the 
distance which can be fed, Table 4. Chills located 
between risers in effect separate a long casting into 
two shorter castings and create soundness in each 
direction from the chill for a distance essentially 
equal to that produced by a chill located at the end 
of a casting of like cross-section. Thus while two 
risers can feed a 3-in. thick unchilled plate to com- 
plete soundness for a maximum distance of 12 in. 
(6 in. per riser), a chill located between them per- 
mits complete soundness to be obtained when they 
are separated by as much as 30 in. (15 in. per riser). 
Similarly two risers on an unchilled 3 x 3-in. bar 
can be separated by only 10 in. (5 in. per riser) if 
shrinkage is to be avoided but a chill midway be- 


TABLE 4—SUMMARY OF RADIOGRAPHIC TESTS ON 
CENTER CHILLED PLATES AND Bars (2T CHILLs FoR 
PLATES AND 1T CHILLS FoR Bars 





Heat Casting Distance Distance Total 





No. Thickness to be Per Sound Remarks 
In. Fed,In. Riser, Zone, 
In. In. 
PLATES 
63 2 14 7 —_ Sound 
67 2 20 10 om Sound 
91 2 20 10 oe Sound 
94 2 22 11 — Sound (Knock off Risers) 
100 2 22 11 — Sound 
100 2 22 11 rs Sound 
90 2 24 12 14 Shrinkage 
89 2 28 14 1514 Shrinkage 
69 2 28 14 15 Shrinkage 
103 2 28 14 17° Shrinkage 
93 3 30 15 — Sound 
96 3 33 1614 18 Shrinkage 
BARS 

64 222 16 8 _— Sound 
91 2x2 18 9 — Sound 
74 2x2 20 10 11 Shrinkage 
89 222 20 10 814 Shrinkage 
93 $x $3 24 12 — Sound 


Temp °F 
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tween them permits this distance to be increased to 
24 in. (12 in. per riser). 

Figure 7 shows the thermal effect of a chill be- 
tween two risers separated by 24 in. on a bar cast- 
ing having a cross-section of 3 x 3 in. An essentially 
isothermal region is changed to a region of steep 
gradients. 

It is fortunate that a marked increase in feeding 
distance is obtained by the use of chills in the case 
of multiple risers which normally represents the most 
difficult condition of feeding. The more extensive 
feeding distances which may be obtained by this 
simple use of chills should result in a net increase in 
casting yield inasmuch as fewer risers are required 
to provide the necessary coverage. , 


Evaluation of High Conductivity Chills 


The relatively small improvement in feeding dis- 
tance which was obtained by the use of steel chills 
at casting edges prompted an investigation of more 
drastic chills which might be expected to intensify 
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Fig. 7—Thermai gradients along centerline of center- 


chilled 3x3-in. bar casting. 
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the rate of heat transfer from the casting edge. Two 
types were investigated: (1) copper chills which, by 
virtue of the higher conductivity of the copper, would 
be expected to distribute the heat accepted from the 
castings more uniformly and rapidly through the chill 
thickness and therefore maintain a lower interface 
temperature, and (2) water-cooled steel chills which 
would be expected to maintain a lower interface 
temperature by virtue of continuous heat removal by 
the water. 

This study was conducted on 4 x 4 x 24-in. bar 
castings with secured 4 x 4 x 8-in. (2T) copper chills 
and secured 4 x 4 x 8-in. water-cooled chills having 
4-in. thick walls. Neither chill resulted in a signi- 
ficant improvement in the distance which could be 
made sound over that obtained by the conventional 
steel chill. The similarity in the conditions of sound- 
ness of the bars chilled by steel and water-cooled 
chills can be noted from the radiographs, Fig. 8. 








Fig. 8—Transverse radiograph of 4x4x24-in. bar castings 
chilled with a steel chill (2 top sections), and a water- 
cooled chill (2 bottom sections). 


General Discussion 


Previous investigations*® have shown that chills ex- 
ert a very great effect on the mode and rate of pro- 
gressive solidification from castings walls. In these 
prior studies the chills completely surrounded the 
casting which was a long 7 x 7-in. bar. Heat flow 
from the ends of the bar which would produce direc- 
tional solidification was essentially eliminated thus 
providing a condition of heat passage in only the 
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lateral or chill directions. It was observed that with 
chills solidification occurred in a narrow band-like 
fashion in contrast to a broad freezing band result- 
ing in a mushy liquid plus solid condition through 
the casting section obtained with sand. Also, final 
solidification at the center of the chilled casting oc- 
curred in one-fifth of the time required for the sand 
casting. In fact the very great effect on the rate and 
mode of solidification from side walls prompted the 
present investigation on the effect of chills on direc- 
tional solidification. However, the limited effect of 
chills when employed to intensify directional solidi- 
fication in sand castings seemingly is in conflict with 
the previous studies. In addition the much greater 
effectiveness of chills when employed between risers 
as compared to casting extremities also may appear 
anomalous at first consideration. However, due con- 
sideration of the heat flow interactions which are in- 
volved in those various uses of chills shows clearly 
the basis for the differences. 

A proper understanding of chill effects in the vari- 
ous applications requires exact distinction between 
the features of progressive (lateral) and directional 
(longitudinal) solidification. Progressive solidifica- 
tion entails wall growth which starts from mold walls 
and moves toward the center of the casting. Direc- 
tional solidification towards risers or away from cast- 
ing ends entails a gradation of rates of progressive 
solidification along the casting such that center line 
positions near casting edges freeze at a faster rate 
than positions near the riser—thus a “tapered” feed 
channel condition exists during the solidification of 
the casting. Figure 9 schematically illustrates the fea- 
tures of progressive and directional solidification. It 
is apparent that directional solidification is not due 
to extensive wall growth from the end of a casting. 














RISER PROGRESSIVE PROGRESSIVE 
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Fig. 9—Features of progressive and directional solidifi- 
cation. 


Progressive solidification, or wall growth, from the 
casting end exists only during early stages of solidifi- 
cation. The end of this phase of solidification for 
the casting edge is marked by the meeting of wall 
growth from the side surfaces and the end surface at 
a common point at the casting center line. If a com- 
mon mold material is in contact with side and end 
surfaces the meeting point is approximately 14T 
from the end surface. In the case of unbalanced heat 
flow as occasioned by the use of chills at the casting 
end this point is moved inward since progressive 
solidification is faster from the chill surface. 
Following the completion of progressive solidifica- 
tion from the casting end, a race is established be- 
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Fig. 10—Progression of the “end of freeze” point from the extremities of chilled and unchilled plates (left), and 
bars (right). 


tween the movement of the rapid solidification zone 
(knee region of fast wall growth) along the casting 
center-line and the gradual completion of the lateral 
solidification cycle at positions near the riser. When 
lateral progressive solidification at near-riser posi- 
tions nears completion the flow of feed metal from 
the riser is cut off and shrinkage develops. 

In the various investigations of the solidification of 
bars and plates, the maximum distances which could 
be made sound were related to a minimum, critical 
gradient condition along the casting center line. The 
gradient condition implies that solidification is direc- 
tional and that “tapered solidification channels’’ re- 
quired for movement of liquid feed metal are present. 

It is apparent that if chills at casting ends are to 
be effective, they must either (1) develop longer grad- 
ients and thereby lengthen the tapered channel con- 
dition or (2) move the tapered channel region (solidi- 
fication knee) faster along the length of the casting 
towards the riser thus covering a greater distance be- 
fore the completion of lateral progressive solidifica- 
tion at near riser positions. Comparison of the gradi- 
ent conditions of sand cast plates and bars with 
those of end-chilled castings shows clearly that the 


additional feeding distance results from the second 
of the two effects listed above. The faster movement 
of the solidification knee occurs primarily during the 
period of progressive solidification from the casting 
end. This sets up a distance differential in compari- 
son to unchilled castings which is essentially retained 
throughout the remaining cycle of directional solidi- 
fication. This may be observed from Fig. 10 which 
presents data of the progression of the point of com- 
plete solidification along the casting center line of 
representative plates and bars. 

It may also be noted from Fig. 10 that during the 
period of progressive solidification from the casting 
ends the approximate five-fold faster rate of solidifica- 
tion observed in the side wall solidification of the 
chilled and unchilled 7-in. x 7-in. bar castings is in 
fact developed. For example, a 1-in. thick solid skin 
at the casting ends is developed at approximately 114 
min in the chilled 2-in. plate and 4-in. bar castings, 
while from 7 to 10 min are required in similar un- 
chilled castings. 

The significant features of the thermal behavior 
of sand and chill systems which illustrate the des- 
cribed mechanism of chill action are shown in Fig. 
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Fig. 11—Thermal gradients along centerline of 4x4x24-in. bar castings and in the mold material at the casting edge; 
sand (left), steel chill (center), and copper chill (right). 


11. It is noted that all systems show a gradientless 
plateau between the riser and casting extremity sig- 
nifying the development and gradual growth of a 
wall of uniform thickness over the plateau distance. 
All systems develop knee-like gradients near the cast- 
ing end signifying a region of very active solidifica- 
tion. The knee zone moves forward with time en- 
croaching upon the gradientless plateau with the 
movement being much faster for the chill systems at 
early times thus establishing the condition for the 
moderate increase in feeding distance developed by 
the use of chills. 

It is further noted that the alternate mechanism 
required to increase feeding distance—i.e., the devel- 
opment of solidification gradients which extend deep- 
er into the casting (wider knees), does not result 
from the use of chills. In fact this should not be ex- 
pected inasmuch as the basic effect of chills is to de- 
crease rather than increase the width of the solidifica- 
tion knee. This effect was clearly demonstrated in 
the studies of progressive solidification of the 7-in. x 
7-in. bar castings cited previously. Thus, instead of 
developing a broader solidification knee it is noted 
from Fig. 11 that the knee region is approximately 
cut in half as may be observed from the fact that the 
knee of the 10-min gradient curve is approximately 
1 in. wide for the case of the chills and at least 2 in. 
wide for the sand case. 

The question of why the chill effect is pronounced 
at early stages but not at intermediate and late stages 
of directional solidification requires consideration of 
the changing nature of heat transfer conditions with 
time. In a recent NRL publication® heat transfer 
calculations were made showing the cumulative 
amounts of the various heats (liquid and solid spe- 


cific heats and heat of fusion) which are transferred 
from steel bars to chill walls during solidification. 
The studies indicated that while chills having thick 
or “over-sufficient” walls absorbed more total heat 
than chills having walls of “sufficient” thickness, this 
added heat was primarily specific heat from the met- 
al already solidified; very little being heat of fusion. 
Thus, the lower casting interface temperature devel- 
oped by the thicker chill indicates that it absorbs a 
proportionally greater amount of heat to accomplish 
a given amount of solidification than is required of 
the thinner chills. 

It is apparent that these observations apply also 
to solidification from the end of a plate or bar cast- 
ing since “oversufficient” chills or chills having very 
high conductivities have a negligible effect on the 
extent of soundness produced. The added heat re- 
moved by these chills during solidification is confined 
primarily to cooling further the already solid metal 
near the interface. The low interface temperature 
developed by a chill results in an increased heat bur- 
den on the chill which is further increased as the 
distance of the solidification knee zone from the chill 
is increased. The low interface temperatures signify 
that heat is in fact flowing at a faster rate from the 
casting to the chill but as discussed above only a 
fraction of this heat which is transferred is heat of 
solidification. At early stages of directional solidifi- 
cation the fraction is high and it is observed that the 
solidfication knee moves forward at a very rapid pace 
in the case of the chills as compared to sand; at later 
stages the fraction diminishes due to increased thick- 
ness of wall which is liberating specific heat, and the 
more rapid movement of the solidification knee of 
the chill casting gradually falls off. The relationship 
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in this respect of steel chills to sand is the same as 
that of copper and water-cooled chills to steel chills 
in that the lower interface temperatures results in 
an additional specific heat removal burden on the 
chills. 

The above provides an explanation of the inef- 
fectiveness of higher conductivity chills and the de- 
crease in chill effect as the chill is made to act over 
extensive distances at intermediate and late stages of 
solidification. The differences in the heat flow char- 
acteristics between casting ends and side walls pro- 
vide an understanding of the difference in the ef- 
ficiency of chills placed at side walls or between 
risers as compared to casting edges. It has been shown* 
that in sand cast bars of sufficient length to elimin- 
ate axial heat flow (no end effects) the interface 
temperature during solidification remains near the 
solidus temperature. This implies a heat saturation 
of the sand adjacent to the casting. It is not until 
solidification is complete and the casting begins to 
cool that the interface temperature drops as the re- 
sult of heat travel outward into the colder sand at 
a faster rate than it is being received from the cast- 
ing. It was shown for example that the side wall 
interface of a long casting having a cross section of 
7 x 7 in. was only about 40 F below the solidus at 
the end of solidification. Solidification and the ac- 
companying gradient conditions from the end of a 
sand-cast bar, however, are entirely different. As 
shown in Fig. 11 the interface temperature of a 4-in. 
x 4-in. unchilled bar is approximately 450 F below 
the solidus when solidification is completed. It was 
determined that as soon as the cycle of progressive 
solidification from the end wall is completed, the 
temperature begins to fall at the casting end and the 
adjoining sand. Thereafter the end portion of the 
casting which has solidified acts as a heat pipe (may 
also be considered as a saturated chill) no longer emit- 
ting heat of solidification of its own but transport- 
ing and distributing heat of solidification from the 
interior reaches of the casting. This feature coupled 
with that of heat flow from a very large surface area 
(end, four adjacent surfaces and corners) places a 
smaller burden of heat transfer on the large volume 
of sand which surrounds the end portion cf the cast- 
ing than that which is being forced on the sand ad- 
joining the side wals. Thus, at the side wall loca- 
tions in the casting where end effects are absent only 
negligible gradients can exist while at the end of 
the casting the gradients are comparatively steep. 
Because of the presence of steep gradients at casting 
ends the effect of chills is relatively small. In the case 
of side walls the effect is very great since the gradi- 
ents established by the sand are relatively mild and 
subject. to considerable improvement by the appli- 
cation of a chill. 

Conclusions 


1. A chill applied to the extremity of a simple 
plate or bar casting for the purpose of increasing riser 
feeding distance will be of an adequate size to pro- 
duce the maximum improvement when its cross-sec- 
tion is the same as that of the casting and its thickness 
is 1T in the case of plates and 14T in the case of 
bars. 
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2. Empirical formulae denoting the section length 
in inches (D) which can be made sound by one 
riser with the aid of chills are D (Plates) = 4144T + 
2 in. and D (Bars) = 6 VT + T. 

3. Chills placed at casting extremities cause only a 
minor improvement in length of sound zone (2 in. 
for plates and T for bars) over that normally present 
in sand castings, but when the chills are placed at 
locations where normal sand end effects are absent 
(as between two risers on a long section) an increase 
in the length of sound zone in excess of 100 per cent 
is obtained. In this case soundness is promoted for 
a distance equal to 2D (1D in each riser direction) . 

4. High-conductivity copper and water-cooled chills 
do not cause a measurable improvement in soundness 
over that obtainable with steel chills. Thermal stud- 
ies show that while these chills remove heat at a 
faster rate than steel chills, this added heat is pri- 
marily specific heat from the solid metal rather than 
heat of fusion. 

5. The minimum gradient slopes found to be nec- 
essary for soundness in sand castings (1 to 2 F/in. 
for plates and 6 to 12 F/in. for bars) are also necessary 
for soundness in chilled castings. Chills, however, 
move the point at which the gradients fall below 
these critical values to a greater distance from the 
casting extremities, thus increasing feeding distance. 

6. During the early stage of solidification (progres- 
sive) from the casting edge the rate of wall growth 
from the end of a chilled casting is four to five times 
that developed in a similar unchilled casting. During 
the later stages of solidification (directional) the 
rates are essentially the same for both sand and chill 
castings. The increased feeding distance obtained by 
the use of chills results from the distance differential 
established during the stages of progressive solidifica- 
tion from the casting edge. 
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DISCUSSION 


Chairman: C. B. Jenni, General Steel Castings Corp., Eddy- 
stone, Pa. 

Co-Chairman: Date Hatt, Oklahoma Steel Casting Co., Tulsa, 
Oklahoma. 

Recorder: L. H. HAnn, Sivyer Steel Castings Co., Chicago. 

J. B. Catne:* The authors have explored another phase of 
steel risering and have placed it on a firm factual foundation 
rather than the shaky opinions it rested on in the past. 

The extension in feeding distance of single risered castings is 
disappointingly low, and it is doubtful if chilling such castings 
will be practical except in unusual cases. However it would 
seem “that if the casting section is circular and there is no cast- 
ing end, a strategically placed chill will double the feeding 
distances” even with one riser. Do the authors agree with this 
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extrapolation of thought? 

Mr. Bisuor: A circular section could be considered a plate 
without edges. Mr. Caine’s concept is correct. 

S. A. ELiot: ? We poured castings using chills which we buried 
4 to & in. in the sand. There was a considerable improvement 
in solidification. We used zircon instead of silica sand; this indi- 
cated a higher heat transfer by higher chill temperature. Would 
pouring “up-hill” cause any difference? Would you recommend 
use of tapered chills along the surface of the casting? 

Mr. Bisnop: We have not tried this idea, but it seems worth- 
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while as in casting bronze bushings. 

R. A. Wittey: * Would you recommend use of chills between 
spokes of a six-spoked gear? 

Mr. BisHor: This would be satisfactory with alternate risers 
plus head on the hub. T-section feeding can be facilitated by 
chilling if within critical length. 


1 Consultant, Cincinnati. 
2 General Electric Co., Schenectady, N. Y. 
> Commercial Steel Casting Co., Marion, Ohio. 
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John C. Hamaker, Jr.,* William P. Wood,** and Franklin B. Rote; 


ABSTRACT 


The influence of phosphorus and alloys on internal shrinkage 
porosity in a 3.25 per cent T.C., 2.25 per cent Si gray iron was 
determined by precision density measurements on unfed 4-in. 
cube castings. Molybdenum additions produced the greatest 
internal shrinkage tendency, concentrating it in visible porous 
regions, while chromium additions resulted in more widespread 
microporosity of lesser magnitude. Nickel reduced the micro- 
porosity of plain iron slightly but had little effect on the shrink- 
age tendencies of molybdenum or chromium irons, Visible poros- 
ity appeared in a Ni-Cr-Mo iron when the phosphorus content 
was raised from 0.04 to 0.06 per cent, and increased steadily in 
magnitude to over 2 cc per 4-in. cube at 0.18 per cent P. Varia- 
tions in carbon or silicon of 0.25 per cent above or below the 
base content had a negligible effect on the magnitude of shrink- 
age voids. 

From an analysis of cooling curves and the variables affecting 
internal porosity, it was concluded that the liquid and solidi- 
fication contraction of the low melting network of phosphide 
eutectic in the solidified iron could provide the only logical 
mechanism for this type of void formation. Metallographic and 
analytical studies revealed that both molybdenum and chrom- 
ium segregate strongly to the phosphide eutectic, approaching 
saturation contents of approximately 8.3 per cent Mo and 2.4 
per cent Cr in the eutectic. This segregation greatly increases 
the volume of phosphide eutectic and changes the phosphide 
solidification from the stable Fe-Fe,P graphite form to the meta- 
stable Fe-Fe,P-Fe,C form, with a drastic increase in its contrac- 
tion. Nickel shows no tendency for segregation to the phosphide 
eutectic and does not change its properties appreciably. 

Measurements of the liquid, solidification, and solid contrac- 
tions of synthetic phosphide eutectic compositions permitted the 
calculation of theoretical 4-in. cube void volumes produced 
by phosphide contraction. These values gave an excellent quan- 
titative check with the measured void volumes. 


Most forms of unsoundness in gray iron castings 
have been quite completely catalogued as to their 
source and means of elimination. The foundryman 
has learned to recognize gas defects due to improper 
melting, poor gating design, or insufficient core or 
mold venting, and take appropriate steps for their 


* Metallurgist, General Iron Works Co., Denver, Colorado. 

** Professor of Metallurgical Engineering, University of Mich- 
igan. 

+ Production and Control Manager, Albion Malleable Iron 
Co., Albion, Michigan. 

This paper is based on a thesis submitted in partial fulfill- 
ment of the requirements for the degree of Doctor of Philosophy 
in the Horace H. Rackham School of Graduate Studies at the 
University of Michigan. 
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prevention. Similarly, shrinkage defects due to the 
liquid and solidification contraction of the iron-car- 
bon eutectic have been eliminated by improved gat- 
ing, risering, or casting design based on the concept 
of controlled directional solidification. 

However, with the advent of high test irons, in- 
creased use of alloy additions, and more demanding 
soundness specifications, a new type of defect has 
come into recognition. Commonly called internal 
porosity or sponge, it will unexpectedly appear as a 
region of small voids in the oil lines of an engine 
block or at critical points in a pressure casting or 
highly stressed part, causing leakers and fatigue fail- 
ures in service. Most baffling has been the fact that 
it will frequently occur throughout a foundry in a 
number of castings which have been satisfactorily 
made for years, and with no marked change in the 
routine analysis of the iron. 

Industrial and laboratory investigations!::3.4.5 soon 
revealed that this type of defect was distinctly differ- 
ent from any previously encountered. Although the 
voids had a well defined dendritic structure typical 
of shrinkage, they could not be removed by improve- 
ments in gating and risering which would normally 
eliminate shrinks or piping due to iron-carbon eutec- 
tic contraction. In order to prevent void formation, 
it was found necessary to employ oversize risers which 
would move every thermal center or hot spot com- 
pletely out of the casting. This would be extremely 
impractical on most engineering castings with their 
numerous bosses and changes in section. Normal 
risering practice involving the simple feeding of liq- 
uid iron to a heavy section merely shifted the porous 
region a very short distance from its original posi- 
tion, and frequently increased its size. 

Further studies indicated that internal porosity 
appears when the phosphorus content exceeds a defin- 
ite level and seems to be greatly magnified by cer- 
tain alloy additions or build-up of alloy residuals in 
the return scrap. It was found to be quite independ- 
ent of carbon and silicon content over wide ranges, 
although very low carbon irons (below 2.90 per cent) 
showed a reduced tendency for void formation. 

The correlation with phosphorus would immedi- 
ately indicate that internal porosity might be associ- 
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ated with the solidification of the low melting phos- 
phide eutectic. However, the expansions observed by 
Turner® in his contraction studies of high silicon 
“phosphoretic” pig iron and the appearance of small 
beads of high phosphorus liquid exuded from the 
shrink pipes of castings after primary solidification 
have always led metallurgists to believe that the phos- 
phide eutectic expands on solidification and thus 
would tend to increase rather than decrease internal 
soundness. Consequently, the source of these voids 
and their association with phosphorus and certain 
alloys have never been satisfactorily explained. 

Accordingly, a research investigation was under- 
taken to determine the mechanism for this type of 
void formation and more accurately fix the composi- 
tion levels at which it will appear. These findings 
were then checked by further studies in several pro- 
duction foundries. 


1. Internal Porosity Study 


The bottom-gated, unfed 4-in. cube shown in Fig. 
1 was selected as a standard test specimen for this in- 
vestigation. In industrial studies, the presence of 
voids in the center section of the cube has correlated 
closely with the appearance of internal porosity in a 
wide range of castings, and the specimen has been 
used as a standard quality test in several foundries. 
The cube is cast entirely in baked core sand to avoid 
the external shrinkage or piping variations due to 
mold wall movement observed by Bohm,’ Sanders, 
and Sigerfoos® in their studies of green sand. 





Fig. 1—Photo of 
typical 4-in. cube 
casting. 








The base compositions chosen for this study were 
those normally employed in the production of auto- 
motive castings, namely 3.00-3.40 T.C., 2.10-2.40 Si, 
0.75 Mn, and 0.10 S. These were modified by single 
and combined additions of up to 2.00 per cent nickel, 
1.00 per cent molybdenum, and 1.00 per cent chrom- 
ium, and the phosphorus content was varied between 
0.04 and 0.30 per cent. The heats were melted in a 
250-lb Detroit indirect arc furnace and a 200-lb induc- 
tion furnace from charges of wash metal obtained by 
melting 100 per cent steel in the cupola, ferro-85- 
silicon, ferro-80-manganese, and coke. After super- 
heating to 2850 F, the iron was inoculated with 0.50 
per cent of the total silicon to promote uniformity of 
graphitization, and the cubes were poured at 2600 F 
as measured by a platinum-platinum rhodium immer- 
sion thermocouple. 

In order to obtain a quantitive comparison of the 
porous regions produced in the center of the cube by 
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Fig. 2—High capacity precision balance for void volume 
determinations. 


various phosphorus and alloy contents, a high capac- 
ity precision balance, shown in Fig. 2, was constructed. 
This balance, based on the flexure plate principle 
and capable of weighing 16 lb to 5 mg, was devised 
and employed by Timmons® in a previous investiga- 
tion of internal porosity in 4-in. cubes. The total 
volume of internal voids may be simply evaluated by 
Archimede’s principle. The sandblasted cube is 
weighed in air and water to determine its volume, 
and four l-in. cubes cut from the bottom corners and 
deeply ground to remove any chill layer are similarly 
weighed to determine the density of sound iron in 
the cube. Dividing the weight of the entire cube in 
air by the density of sound iron gives the theoretical 
volume of the 4-in. cube if it were perfectly sound, 
and subtracting this value from its actual volume 
gives the void volume. 

After weighing, the total volume of the top sink 
or pipe was measured by filling it level with water, 
the cube was sectioned along the vertical plane of 
symmetry for visual examination, and metallographic 
specimens were cut from various points to study struc- 
tures and microporosity. 


Results 


The void volumes, visible porosity, and micropor- 
osity obtained in representative series of cubes are 
summarized in Table 1, and photographs of some 
corresponding cube sections are shown in Figs. 3 
and 4. 

It will be noted that Cube No. 11 (Table 1), which 
exhibited no visible or microporosity, gave a com- 
puted void volume of 0.35 cc. This may be explained 
by the slight variation in density of sound iron pro- 
duced by the difference in cooling rates between the 
corner cubes and the interior of the casting. Metal- 
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Taste | — Vow VoLuMEs, VISIBLE POROSITY, AND 
MICRO-SHRINKAGE IN 4-IN. CUBES CONTAINING 
VARIOUS PHOSPHORUS AND ALLOY ADDITIONS 

(Base Composition: 3.24-3.32 T.C., 2.23-2.29 Si, 0.77-0.81 Mn, 





0.09-0.11 S) 
Void Visible* 
Cube Vol., Poro- Microscopic* * 
No. %P %Ni %Cr %Mo cc sity Voids 





ll 0.04 0.66 0:84 083 0.35 0 None detected 
12 0.06 0.66 0.84 0.83 1.15 5 Many at shrink 


center 
13 008 066 084 083 131 7 rm 
14 O11 066 084 083 153 7 
15 0.14 066 084 083 1.72 8 24 
16 0.18 066 0.84 083 229 9 
17 028 066 084 083 2.13 10 “4 
21 0.13 (Plain) 0.30 0 1 large, 3 small 
22 0.13 1.50 1.96 10 Many at shrink 
center 
230.13 100 1.51 10 - 
24 0.13 046 049 O 3 large, 5 small 
26 «(0.13 1.00 1.57 2 Many, scattered 
27 «0.18 0.50 0.65 0 5 large, 7 small 
31 0.13 1.00 0.32 0 1 large, 2 small 
$2 0.13 2.15 0.13  O 2 very small 
33 0.13 = 2.00 0.75 143 7 Many at shrink 
center 
34 0.13 2.00 025 O75 152 7 7 
35 0.13 2.00 0.75 1.15 1 Many, scattered 
$6 0.13 2.00 0.75 025 123 2 “s 
37 0.13 2.00 050 050 107 2 -? 


* Estimate of relative magnitude from visual examination; 
1 — smallest, 10 = largest. 
** Observed in polished center section 14-in. square. 





lographic examination revealed that the first Ni-Cr- 
Mo series, the straight Mo. irons, and the balanced 
irons in the last series all contained about equal 
quantities of ferrite in the center while the corners 
were fully pearlitic. Therefore, the computed void 
volumes for these cubes should be directly compar- 
able and may be assumed to be approximately 0.35 cc 
greater than the actual volumes. The straight nickel 
irons, on the other hand, exhibited less section sensi- 
tivity, necessitating a smaller correction factor, while 
the 1.00 per cent Cr cube contained a few free car- 
bides and undoubtedly required a larger correction. 

The first Ni-Cr-Mo series clearly illustrates the con- 
sistent increases in internal porosity with increasing 
percentages of phosphorus. It is noteworthy that vis- 
ible porosity persisted at phosphorus levels as low as 
0.06 per cent, while no visible or microporosity ap- 
peared at 0.04 per cent P. In his study of a 0.70 Mo, 
0.30 Cr, 0.16 Ni iron of the same base composition, 
Timmons® also noted a marked change in internal 
shrinkage tendencies in this range, obtaining the fol- 
lowing 4-in. cube void volumes: 





% Phosphorus Void Volume (cc) 





0.015 0.35 
0.036 0.43 
0.073 2.12 
0.104 2.62 
0.123 2.96 





The slight reduction in void volume as the phos- 
phorus was increased from 0.18 to 0.28 per cent cor- 
responds with the findings of Rote,® who obtained a 
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slight, but consistent reduction in the void volume 
of Ni-Mo irons as the phosphorus was increased above 
0.20 per cent. 

In the second and third series, with the base phos- 
phorus level set at 0.13 per cent, the plain iron 
showed a very small amount of microporosity, and in- 
creasing additions of molybdenum or chromium pro- 
duced correspondingly greater volumes of visible and 
microporosity. The shrinkage in the molybdenum 
irons was concentrated entirely in visible spongy re- 
gions, while the chromium irons showed very little 
visible shrinkage and considerable widespread micro- 
porosity. Straight nickel additions, on the other hand, 
consistently reduced the microporosity exhibited by 
the plain iron. 

The balanced alloy irons in the third series showed 
approximately the same internal porosity as would 
be expected from their molybdenum and/or chrom- 
ium contents, indicating that balancing additions of 
nickel are relatively ineffective for reducing the in- 
ternal shrinkage tendencies of molybdenum or chrom- 
ium irons. Combined additions of chromium and 
molybdenum consistently produced more porosity 
than corresponding straight additions, indicating that 
these elements augment each other in their internal 
shrinkage tendencies. 

Additional series of cubes alloyed in a similar man- 
ner were poured from base irons ranging from 3.00 
to 3.40 total carbon and 2.10 to 2.40 silicon. In 
every case, the size and appearance of the porous 
region corresponded with the phosphorus and alloy 
content, regardless of the base iron composition. At 
the 0.13 per cent P level, visible porosity consistently 
appeared when the molybdenum content exceeded 
0.50 per cent or the chromium content exceeded 0.55 
per cent in straight additions. 

Although the size and shape of the top sink or 
pipe varied widely, extending over one-third the dis- 
tance from the top surface in the lower carbon irons, 
the porous region always remained along the vertical 
centerline of the cube slightly above the horizontal 
plane of symmetry. Similarly, no relationship could 
be detected between internal porosity and the pres- 
ence of exuded high phosphorus beads in the top 
sink, as shown in Fig. 1. The beads appeared at ran- 
dom on cubes ranging from completely sound to 
those containing a large amount of internal porosity. 


Thermal Studies 


In order to investigate possible relationships be- 
tween internal porosity and the cooling conditions in 
a 4-in. cube, thermal studies were conducted on a 
number of cubes poured in conjunction with the 
porosity specimens. Chromel-alumel thermocouples, 
encased in porcelain insulators and tipped with alun- 
dum cement, were cemented into the molds at vari- 
ous points and connected by compensating leads 
through a switch box to a precision potentiometer. 
Successive temperature readings were taken every 0.1 
min from immediately after pouring unti] the com- 
pletion of austenite transformation. 

Representative cooling curves at several points in 
the 4-in. cube are illustrated in Fig. 5. As might be 
expected in a casting of this section, a major part of 
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Fig. 5—Cooling curves at various points in 4-in. cube. 
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Fig. 6—Thermal gradients in cube with normal ingate 
area (1/2 sq. in.). 


the iron remained liquid for approximately 8 min 
and then underwent nearly simultaneous iron-carbon 
eutectic solidification at various degrees of under- 
cooling. Further studies with thermocouples placed 
lz, Y%, and %& in. in from the side, bottom, and 
top surfaces indicated that a solid shell is formed 
almost immediately on pouring. It attains a thick- 
ness of slightly less than 4 in. on the sice surfaces, 
4 to % in. in the bottom and corners, and does not 
form on the top surface until the center is midway 
through solidification. The temperature of the top 
pipe remained only 30 to 60 F below that of the 





fo} 5 10 1s 20 25 x» 
TIME FROM POURING — MINUTES 
Fig. 7—Thermal gradients in cube poured simultaneously 
with reduced ingate area (% sq. in.). 


center during its eutectic solidification. Similar cubes 
poured from the various base iron and alloy compo- 
sitions showed no significant change in these thermal 
gradients, thus indicating that internal porosity must 
not be associated with a change in cooling conditions. 

This was quite conclusively confirmed by a further 
experiment in which a pair of cubes with the ingate 
area reduced to one-half its normal size were poured 
from a common pouring basin with a pair of stand- 
ard cubes. One cube of each pair was equipped with 
thermocouples and the other was used for internal 
porosity determination. The reduction in gate area 
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produced a drastic change in thermal gradients, as 
can be seen by comparing Figs. 6 and 7. By decreas- 
ing the rate at which the mold was filled, the mold 
wall was heated sufficiently to prevent the immedi- 
ate formation of a solid surface layer. Consequently, 
the solidification of the one-half gate area cube pro- 
ceeded with very small temperature gradients, which 
might be expected to greatly reduce the magnitude of 
internal shrinkage voids. However, careful examina- 
tion of the shrinkage cube sections from several sets 
revealed no significant change in the porous regions. 

The influence of pouring temperature on internal 
shrinkage and temperature gradients was also investi- 
gated for several compositions. In all cases, an in- 
crease in pouring temperature from 2600 to 2700 F 
produced a detectable increase in the magnitude of 
voids, while a reduction to 2500 F resulted in slightly 
reduced void areas. These results are in accordance 
with the findings of Timmons,® who concluded that 
the increase in void volume with pouring tempera- 
ture was caused by larger temperature gradients in 
the mold. However, an examination of the cooling 
curves showed that the opposite was true in the case 
of the 4-in. cube. Pouring at 2700 F heated the mold 
surface to such an extent that a solid skin did not 
form and produced much smaller gradients, similar 
to those obtained by reducing the gate area. Con- 
versely, pouring at 2500 F resulted in much larger 
gradients, the temperature of the surface layer reach- 
ing a maximum of only 1750 F during final solidifica- 
tion. 


Study of Meehanite Metal 


This investigation was later extended to various 
grades of Meehanite metal, which represent specially 
processed irons vastly different from the automotive 
irons studied previously. Four-inch cubes of the same 
design were poured from production ladles of GA,* 
GC, and GE Meehanite melted in a 54-in. cupola. 
Various quantities of ferro-24-phosphorus and ferro- 
60-molybdenum were added to 50- and 90-lb ladles 
and the cubes were poured at 2400-2600 F as measured 
by an optical pyrometer and checked by an immer- 
sion thermocouple. The cubes were sandblasted and 
sectioned along the vertical plane bisecting the gate 
for visual examination. 

A summary of the observations on visible porosity 
is presented in Table 2 and photographs of represen- 
tative cube sections are shown in Fig. 8. In all cases, 
phosphorus additions to the various grades of Mee- 
hanite metal, which represent widely different carbon 
and silicon contents, produced visible voids at a defi- 
nite phosphorus level. This level, 0.24-0.25 per cent 
P, correspends closely with the results of West,* who 
obtained visible porosity in a variety of castings, rang- 
ing from T-bars and drilled blocks to automotive 
cylinder heads, when the phosphorus content exceeded 
about 0.25 per cent in an unalloyed automotive iron. 


* The symbols correspond to the following Meehanite metal 
specifications: 
GA—Minimum tensile strength — 50,000 psi 
GC—Minimum tensile strength — 40,000 psi 
GE—Tensile strength — 25-30,000 psi 





INTERNAL Porosity IN GRAY IRON CASTINGS 


West found that this porosity consistently increased 
in magnitude as the phosphorus was raised to 1.00 per 
cent. It is noteworthy that the consistent increases in 
the magnitude of voids with increasing phosphorus 
completely overshadowed any variations with pouring 
temperature. 

Molybdenum additions to Meehanite metal reduced 
the “critical” phosphorus content to approximately 


‘the same level obtained earlier in the investigation. 


Visible porosity first appeared in GA plus 0.48 per 
cent Mo at 0.142 per cent P, corresponding closely 
with the values of 0.50 per cent Mo and 0.13 per cent 
P observed in the automotive irons. This alloy showed 
consistent increases in porosity with increasing phos- 
phorus at levels below the critical content for un- 
alloyed GA, and raising the molybdenum content to 
0.75 per cent produced a marked increase in void area 
consistent with the results obtained previously. Simi- 
larly, 0.75 per cent Mo additions to GC and GE pro- 
duced visible porosity in the base alloys at phosphorus 
levels considerably below unalloyed “critical content.” 


Influence of Risering 


In order to study the effect of feeding on internal 
shrinkage in the 4-in cube, the patterns were modified 
to include a 514-in. diameter riser with a neck 114 in. 
in diameter attached near the center of the top sur- 
face. The neck and | in. of the riser proper were in- 
cluded in the core sand mold; the remaining riser 


TABLE 2—VISIBLE POROSITY IN 4-IN. CUBES PRODUCED 
BY PHOSPHORUS AND MOLYBDENUM. ADDITIONS 
TO MEEHANITE METAL 





Cube Meehanite Grade Visible Pouring 
No. and Additions %Mo* %P* Porosity** Temp., F 
23 GA Base 0.10 0 2500 
42 GA+.05P 0.15 0 2460 
43 GA+.10P 0.20 0 2520 
44 GA4+.15P 0.245 6 2500 
26 GA+.18P 0.282 8 2590 

8 GA+.24P 9.34 10 2540 
25 GA+.75 Mc 0.75 0.106 0 2460 
47 GA+.48 Mo 0.48 0.10 0 2520 
48 GA-+.48 Mo-.04 P 0.480 0.142 2 2560 
49 GA+448Mo+.08P 0.48 0.18 4 2570 
50 GA+48Mo4+.14P 048 — 0.24 6 2560 
24 GA+.75Mo+.14P 0.75 0.24 10 2510 

3 GC Base 0.17 0 2580 
21 GC Base 0.173 0 2470 
34 GC Base 0.16 0 2440 
35 GC+.05 P 0.21 0 2420 
36 GC+.10 P 0.261 5 2450 
22 GC+.18P 0.364 8 2570 
37 GC+.75 Mo 0.75 0.16 l 2470 
19 GE Base 0.201 0 2400 
46 GE Base 0.20 0 2520 
31 GE+.05 P 0.240 2 2540 
32 GE+.10P 0.29 t 2500 
20 GE+.14P 0.357 9 2475 
33. GE+.75 Mo 0.75 0.20 7 2460 

1 Special GE Base 0.338 9 2570 

2 Special GE+.14 P 0.47 10 2520 


* Three digit numbers are analyzed compositions; two digit 
numbers are calculated compositions. 

** Estimate of relative magnitude from visual examination: 
1 = smallest, 10 = largest. 
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Cube No. 51—15-Ib riser (GA + 0.14 Cube No. 52—21-lb riser (GA + 0.14 Cube No. 53—26-lb riser (GA + 0.14 
P + 0.48 Mo) 





P + 0.48 Mo) 


height was molded in green sand. The neck and riser 
design may be seen in Fig. 9. 

The results obtained by employing various riser 
heights on a porous composition are summarized in 
Table 3 and shown in the sequence of photographs, 
Fig. 9. Although a 314-in. height provided sufficient 
feeding to completely remove all traces of a top sink 
or pipe, the height had to be extended to over 434 
in. to move the internal shrinkage from the cube 
proper to the riser neck. Thus, over 31 Ib of riser was 
required to remove the porosity from the 16-lb, 4-in. 
cube. It will be noted that the porous region always 
maintained its position at the hot spot or center of the 


P + 0.48 Mo) 


Cube No. 54—13-lb riser (GA + 0.14 Cube No. 16—44-lb riser (GA + 0.14 
P + 0.75 Mo) 


P + 0.48 Mo) 


Fig. 9—Influence of risering on internal 
shrinkage porosity in 4-in. cubes. 






total mass, regardless of the feeding indicated by the 
pipe in the riser. 

It also is interesting to note in Table 3 that the rela- 
tively small amount of porosity in the unfed Cube No. 
50 (about the same as shown on Cube No. 44, Fig. 8), 
was greatly magnified by the presence of a riser on 
Cube No. 51, which was poured from the same ladle. 
A relatively large volume of voids is apparent in all of 
the risered cubes in this series poured from GA plus 
0.48 per cent Mo, which would be expected to exhibit 
rather weak shrinkage tendencies. This effect has been 
observed in many industrial studies where the addi- 
tion of a riser to a small porous region would actually 
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TABLE 3—-INFLUENCE OF RISERING ON INTERNAL 
POROSITY IN 4-IN. CUBES 








Riser Size Distancet 

Cube* (Diam x Riser Visible** From Pouring 
No. Height) Weight,lb Porosity Top,in. Temp.,F 
24 0 0 10 2 2510 
50 0 0 6 2 2560 
51 BYx2le 15 10 1% 2560 
52 54x34 21 10 %/, 2520 
53 5x4 26 10 ¥, 2480 
54 54x43, 31 10 \V, 2500 
16 5ILAXbI4 44 10(riser) 0 2510 


* Base metal for all cubes: GA+.14 P (0.24% P). Cubes No. 
24 and 16 contained 0.75% Mo; cubes No. 50 to 54 contained 


0.48%, Mo. 

** Estimate of relative magnitude from visual examination: 
1 = smallest, 10 — largest. 

+ Deepest penetration of porosity below top surface of cube. 





magnify the void area. 

Similar series of cubes were poured from GA, GC, 
and GE with sufficient phosphorus additions to pro- 
duce porosity in the unfed cube. In every case, a 514- 
in. diameter riser, 614 in. high, was sufficient to move 
the porosity completely into the riser as shown in the 
last photograph of the sequence. Despite the widely 
varying degrees of liquid and solidification shrinkage 
produced by the different carbon contents, the porous 
region always appeared in exactly the same position 
in the lower part of the riser. 

The impracticability of attempting to completely 
remove internal shrinkage porosity from a commercial! 
casting by risering is readily apparent from this study. 
It would necessitate very large risers at every center 
of mass or hot spot, even though these points may be 
adequately fed by liquid metal at the iron-carbon 
eutectic temperature. Porosity in long uniform sec- 
tions, for example, the fillets on a circular flange, 
would be practically impossible to remove. Therefore, 
the appearance of internal porosity in a foundry 
should be attacked at the point of origin, namely, in 
the composition of the metal poured. 


Summary 


A study of internal shrinkage porosity in 4-in. cubes 
poured from alloyed automotive irons and various 
grades of Meehanite metal produced the following 
findings: 

(1) In unalloyed gray iron castings, visible internal 
porosity tends to appear in every hot spot or center 
of mass whenever the phosphorus content exceeds 
about 0.25 per cent and consistently increases in mag- 
nitude as the phosphorus is raised above this level. 
Decreasing quantities of microporosity are obtained as 
the phosphorus is reduced below 0.25 per cent, ap- 
pearing as only a few small voids at 0.13 per cent P. 
This behavior has been observed in a wide variety of 
castings and appears to be quite independent of car- 
bon and silicon content, melting practice, or special 
processing’ treatments. 

(2) Molybdenum additions to gray iron tend to 
greatly magnify the visible or microporosity at a given 
phosphorus content and, accordingly, reduce the “crit- 
ical phosphorus level’’ for visible shrinkage porosity. 
The extent of the reduction in the critical phosphorus 
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level is somewhat dependent on the molybdenum con- 
tent. At 0.13 per cent P, visible porosity appeared 
with a 0.50 per cent Mo addition, increasing consid- 
erably in magnitude as the percentage was raised to 
0.75, 1.00, and 1.50 per cent Mo. Molybdenum tends 
to concentrate shrinkage in visible spongy areas at the 
hot spots of a casting with little or no microporosity 
appearing outside these regions. 

(3) Chromium additions to gray iron tend to in- 
crease visible and microporosity in a manner similar 
to molybdenum, but to a lesser degree. In a 0.13 per 
cent P iron, a small amount of visible porosity ap- 
peared at 0.55 per cent Cr, but additions up to 1.00 
per cent Cr did not increase its magnitude to any 
great extent. However, chromium irons exhibit more 
widespread microporosity which tends to decrease 
their general soundness. 

(4) Nickel additions reduce the internal porosity 
in plain irons to some extent, but balancing additions 
to molybdenum or chromium irons have little or no 
effect on their internal shrinkage tendencies. 

(5) Combined chromium-molybdenum additions 
tend to augment each other in their internal shrink- 
age tendencies to produce voids of greater magnitude 
than corresponding individual additions. At lower 
alloy contents, this effect appears to be nearly additive, 
with or without balancing additions of nickel. 

(6) Gray irons containing fairly large amounts of 
chromium-molybdenum or nickel-chromium-molybde- 
num may produce visible shrinkage porosity at phos- 
phorus levels as low as 0.06 to 0.07 per cent, increasing 
in magnitude as the phosphorus is raised to 0.20 per 
cent. The porosity in these irons was completely re- 
moved when the phosphorus was decreased to 0.04 per 
cent, and a slight reduction in magnitude was also 
indicated when the phosphorus level was raised above 
0.20 per cent. 

(7) Normal variations in carbon and silicon con- 
tent, melting practice, or processing appear to have a 
negligible effect on the shrinkage tendencies of molyb- 
denum or chromium irons. However, previous inves- 
tigations have indicated that very low carbon irons 
(below 2.90 per cent) may possess reduced shrinkage 
tendencies. 

(8) The use of inadequate risers to eliminate in- 
ternal porosity actually appears to increase the mag- 
nitude of the voids. A 514-in. diameter riser, over 434 
in. high and weighing more than 31 lb, was required 
to completely remove the porosity from a 16-lb, 4-in. 
cube. This is accomplished by moving the hot spot or 
center of mass completely out of the casting—not by a 
simple feeding action. 

(9) Since it is impractical to riser every center of 
mass in a casting to this extent, control of internal 
porosity should originate in the composition of the 
metal. If porosity of this type is encountered, check 
for high phosphorus or alloys in incoming charge 
materials or a build-up of alloy residuals in returns. 

(10) The results of this study indicate that pro- 
cessed irons should exhibit greater freedom from in- 
ternal shrinkage tendencies at a given phosphorus 
level than gray irons alloyed with molybdenum or 
chromium for similar properties. 

The findings outlined above were checked against 


> 








410 


experience with casting defects in several production 
foundries. In nearly every case, internal porosity of 
this type was removed from critical castings by reduc- 
ing the phosphorus below the critical level specified 
by the alloy content, and reappeared whenever the 
phosphorus again exceeded this amount. 


Shrinkage Concepts 


A clue to the mechanism for the formation of in- 
ternal shrinkage porosity may be obtained from a con- 
sideration of the general concepts of shrinkage void 
formation. 

Internal voids may be formed whenever a mass of 
liquid metal is entrapped within a solidified shell. 
The magnitude of the voids depends on the quantity 
of liquid metal entrapped and its contraction relative 
to that of the solid shell. Although these factors are 
interrelated, a separate consideration of the variables 
affecting each should provide the clearest understand- 
ing of the problem. 

The quantity of liquid metal entrapped depends 
upon how quickly the solid shell is completely formed 
which, in turn, is determined by the freezing range of 
the alloy and the temperature gradients set up in the 
casting. An alloy with a short freezing range would 
be expected to complete the solidification of a solid 
shell in the shortest time. In like manner, large tem- 
perature gradients indicate that the metal adjacent to 
the mold surface has cooled rapidly from the pourin 
temperature and is prone to form a solid shell quickly 

The temperature gradients in a casting are influ- 
enced by a number of factors, including the mass of 
meta! in the section under consideration, the thermal 
conductivity and specific heat of the mold material, 
the gating and risering, and pouring speed and tem- 
perature. A greater mass of metal serves to reduce the 
gradients by heating the mold material to a greatei 
extent before solidification begins. Similarly, the prox- 
imity of gates or risers to the section in question wil! 
preheat the mold material and reduce the gradients 
in their direction. Mold materials of high thermal 
conductivity and specific heat will abstract heat more 
rapidly to increase temperature gradients. 

The effect of pouring temperature is dependent to 
some extent on the section size relative to the proper- 
ties of the mold material. A thin section molded in a 
fast heat-abstracting material would solidify rapidly 
before the mold had been heated to any extent. Con- 
sequently, a higher pouring temperature would tend 
to increase the temperature gradient by providing a 
hotter center layer between the rapidly solidified sur- 
face layers. On the other hand, heavy sections heat 
the mold considerably before they proceed with solidi- 
fication and higher pouring temperatures may reduce 
the gradient in this case by providing more heat to 
the mold surface. In general, slower pouring speeds 
should reduce temperature gradients by preheating 
the mold surface more slowly and thoroughly before 
the casting is filled. 

After the various factors outlined above have 
exerted their influence and a complete solid shell has 
formed, the liquid in the center is cut off from all 
further feeding and goes through its transformations 
independently from the rest of the casting. If the solid 
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shell is complete before the entrapped liquid has 
reached its eutectic temperature, solidification first 
proceeds by the separation of primary dendrites onto 
the surrounding surface. This produces a decrease in 
the volume of the liquid, withdrawing it from the top 
surface by gravity, and restricting further solidification 
to the side and bottom surfaces. If no further volume 
changes occurred, this would result in an internal 
cavity having primary dendrites extending down from 
the top surface. 

When the liquid reaches the eutectic temperature, 
solidification proceeds from various nuclei throughout 
the melt in addition to building up on the shell walls. 
In the case of gray iron, the solidification of the iron- 
carbon eutectic may result in a contraction or expar 
sion, depending on the amount of graphite formed. 
The data of Ash and Saeger™ permits the computa- 
tion of this volume change from the graphitic carbon 
analysis. An iron containing 2.80 per cent graphitic 
carbon, or approximately 3.40 to 3.50 per cent total 
carbon with a pearlitic matrix, exhibits no volume 
change on solidification. Higher graphitic carbon con- 
tents result in a net expansion, while lower graphitic 
carbons produce a solidification contraction. The mag- 
nitude of this expansion or contraction may be ap- 
proximately evaluated by the formula: 

% Volume Increase = 2.0 x (% Graphitic 
Carbon — 2.80%) 

While the entrapped liquid is undergoing the vol- 
ume changes described above, the surrounding shell is 
also cooling and contracting in the solid state. De- 
pending on the relative rates of contraction of the 
liquid and the shell, one of several phenomena may 
occur. If the liquid contracts more rapidly than the 
shell, a vacuum would be set up in the interior. De- 
pending on the thickness of the shell and the strength 
of the metal at these temperatures, the hottest part of 
the shell with either bow in under atmospheric press- 
ure to relieve the vacuum condition, or resist deforma- 
tion to result in the formation of internal voids. In 
the unfed 4-in. cube, the hottest part of the shell 
is the top pipe or sink, since liquid contraction has 
pulled it away from the cooling sand before the begin- 
ning of solidification. 

If the shell contracts more rapidly than the en- 
trapped liquid, the liquid in the center would be sub- 
jected to high pressures. This phenomenon would b« 
particularly expected in gray irons, where the shell is 
experiencing a relatively high rate of solid contrac- 
tion while the center liquid is undergoing slow eutec- 
tic solidification with slight contraction, or even an 
expansion, due to graphite formation. In order to 
relieve this pressure, a small amount of liquid met: 
might be squeezed out through the weakest part of 
the shell wall, usually the pipe, and solidify as sma' 
beads adhering to the surface. This mechanism for 
the formation of high phosphorus exuded beads, com- 
monly called liquation, has been strongly favored by 
recent investigators,®-!? and does not involve any rela- 
tionship with the volume changes of the phosphide 
eutectic. 

Liquation has been observed from a wide range of 
compositions, indicating that pressure conditions of 
this nature are a common occurrence in the solidifica- 
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tion of gray iron castings. The presence or absence of 
beads on castings of similar design and composition is 
undoubtedly related more closely to the presence of a 
weak spot in the solid shell than to a drastic difference 
in the pressure conditions during solidification. The 
incidence of high pressures of this nature would, of 
course, remove any shrinkage voids which could have 
formed earlier in the solidification process. 

The results of previous investigations have indicated 
that liquation occurs quite late in the solidification 
process, probably during the final stages of iron-carbon 
eutectic solidification in the center, or possibly shortly 
after its completion. Since the phosphide eutectic 
solidifies at temperatures approximately 350 F belov 
the iron-carbon eutectic, it is present as a liquid net- 
work in the solid shell wall and is the first metal to 
be forced out by the pressure in the center. In low 
phosphorus irons, the smal] amount of phosphide 
eutectic is undoubtedy not sufficient to completely re- 
lieve the pressure, and any remaining iron-carbon 
eutectic is also forced out to appear in the beads. This 
would explain the variations in phosphorus content 
observed in analyses of the beads. 

Upon the completion of iron-carbon eutectic solidi- 
fication at 2000 to 2050 F, the casting has attained its 
final physical form and consists of solid iron inter- 
spersed by a network of liquid phosphide eutectic out- 
lining the iron-carbon eutectic cells. As the casting 
cools further, the phosphide eutectic undergoes liquid 
contraction until it reaches its solidification tempera- 
ture of 1700 to 1750 F, at which it is commonly be- 
lieved, a solidification expansion occurs. Due to the 
temperature gradients still existing in the casting, this 
solidification proceeds progressively from the surface 
to the center, as each layer reaches the-eutectic tem 
perature. 

When the phosphide eutectic has completed solidi- 
fication, no more liquid is present in the casting and 
further cooling results in a fairly uniform contraction 
in the solid state. There is a slight expansion at ap- 
proximately 1400 F due to the gamma-alpha trans- 
formation, but the temperature gradients in this range 
are usually very small and any stresses set up by the 
transformation would be negligible in most cases. 

It can be seen from a consideration of the above 
analysis that a large number of factors could influence 
the formation of internal shrinkage voids during the 
solidification of a casting. All of the theories which 
have been proposed to explain the increase of internal 
shrinkage tendencies by phosphorus and certain alloys 
have been based on factors associated with void forma- 
tion at or above the iron-carbon eutectic temperature. 
It has been suggested that these elements (1) increase 
the volume of liquid entrapped by shortening the 
freezing range or increasing the temperature gradi- 
ents, (2) increase the solidification contraction by re- 
ducing the quantity of graphic carbon formed, or (3) 
increase the hot strength of the metal, thereby reduc- 
ing the piping action which relieves the internal 
vacuum. 

Anomalies 


However, during the course of the investigation a 
number of anomalies have appeared which cannot be 
satisfactorily explained on the basis of shrinkage voids 
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forming in the iron-carbon eutectic range: 

(1) In both industrial and laboratory investiga- 
tions, improvements in gating and risering which nor- 
mally remove shrinkage defects formed at or above the 
iron-carbon eutectic temperature have been singularly 
unsuccessful with internal porosity associated with 
phosphorus and alloys. 

(2) Internal porosity exhibits no apparent relation- 
ship to external shrinkage, consistently appearing at 
the hot spot or center of mass of a casting and riser 
system, regardless of the indicated feeding. In the un- 
fed 4-in, cube, the voids always maintained the same 
position and magnitude despite wide variations in the 
size, shape, and position of the top sink, which re- 
mained only 30 to 60 F below the center during iron. 
carbon eutectic solidification. 

(3) Internal porosity does not exhibit the close re- 
lationship to temperature gradients expected of voids 
formed in the iron-carbon eutectic range. In fact, an 
increase in pouring temperature actually increased 
porosity in the 4-in. cube, although it reduced thermal 
gradients drastically. This is also indicated by the 
appearance of porosity at definite composition levels 
in a wide variety of castings, despite marked varia- 
tions in thermal gradients and cooling rates. 

(4) Variations in the carbon content between 3.00 
and 3.45 per cent do not produce a detectable change 
in the magnitude of internal voids, while low carbon 
irons containing up to 2.90 per cent appear to show 
a decreased tendency for visible porosity. Using Ash 
and Saeger’s data'! and assuming 0.65 per cent com- 
bined carbon in the pearlite, a variation in total car- 
bon from 3.00 to 3.45 per cent would change the iron- 
carbon solidification contraction from approximately 
0.90 per cent to 0 per cent. If only one-fourth of the 
iron in a 4-in. cube were involved in void formation, 
this would produce a net change in void volume of 
over 2.2 cc, or approximately the magnitude of the 
largest voids observed: Similarly, a decrease in poros- 
ity with lower carbon contents would necessitate a 
very drastic change in some other shrinkage factor to 
more than compensate for the greater solidification 
contraction. 

(5) Exuded beads are frequently found in the top 
pipes of castings exhibiting internal shrinkage poros- 
ity. These beads are believed to be formed from 
liquid metal forced out of the casting by high inter- 
nal pressures which would tend to produce maximum 
soundness. Since this phenomenon occurs quite late 
in the solidification process, it is extremely difficult 
to conceive of a sufficiently rapid reversal] in pressure 
conditions to form internal voids before the comple- 
tion of iron-carbon eutectic solidification. 

(6) Another investigation, involving tensile tests 
on direct cooling from the liquid state, showed quite 
conclusively that phosphorus sharply decreases the 
strength of gray iron in the range 2000 to 1700 F and 
thus would tend to improve soundness at the iron- 
carbon eutectic temperature by piping more readily 
under atmospheric pressure. 

It is apparent from this analysis that a mechanism 
based on occurrences at or above the iron-carbon 
eutectic temperature cannot possibly explain the 
marked differences between normal shrinkage and 
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that associated with phosphorus and certain alloys. 
All of the observations have pointed toward an inter- 
nal shrinkage phenomenon which occurs after the 
iron-carbon eutectic has completed its solidification 
and the casting has assumed its final physical form. 
The formation of internal voids under such condi- 
tions would be quite independent of the various fac- 
tors affecting iron-carbon solidification and would 
produce porosity in a hot spot regardless of the cool- 
ing conditions. 


Il. Phosphide Eutectic Properties 


Accordingly, an investigation was undertaken to re- 
examine the properties of the phosphide eutectic and, 
more specifically, to determine: (1) the influence of 
alloying elements on its composition and mode of 
solidification, (2) the liquid and solidification volume 
changes of these compositions, and (3) if the volume 
changes could produce void volumes of the magnitude 
measured in the 4-in. cubes. 

History. The constitution of the various systems of 
phosphorus with the elements in gray iron have been 
studied primarily by German investigators! -14.15,16,17, 
18,19,20. In the binary iron-phosphorus system, they 
established the existence of the compounds Fe;? and 
Fe,P at 15.5 and 21.7 per cent respectively, with an 
iron-Fe;P eutectic appearing at 10.2 per cent P and 
1922 F. The solubility of phosphorus in alpha iron at 
room temperature was set at about 1.2 per cent and 
approximately 0.6 per cent P was found to close the 
gamma loop. The diagram as drawn by Vogel!’ is 
shown in Fig. 10. 


1600 
1800 
1400 
1300 
1200 


MELT 


MELT + FE 


nes FESP + FEgP 


TEMPERATURE °C. 





1000 
900 
800 
700 
600 

20 22 


° 2 4 6 8 10 iz2 4 6 8 
PER CENT PHOSPHORUS 


Fig. 10—Iron-Phosphorus System (Vogel). 


In the ternary iron-carbon-phosphorus system, an 
iron-Fe,C-Fe,;P eutectic was found at approximately 
2.0 C, 6.9 P, and 91.1 Fe, with a solidification temper- 
ature of 1747 F. The addition of up to 2.8 per cent 
silicon to this system did not change the eutectic com- 
position or solidification temperature appreciably. 
The ternary diagram of Goerens and Dobblestein!® as 
modified by Von Keil and Mitsche?® is illustrated in 
Fig. 11. 

One important factor which has been frequently 
overlooked by previous reviewers is the metastability 
of the phosphide eutectic in the presence of silicon. 
In other words, it may solidify in one of two forms, as 
an iron-Fe;P-Fe,C eutectic or as an iron-Fe;P-graphite 
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eutectic, in a manner similar to the double iron-car- 
bon system. This has been quite conclusively demon- 
strated by previous investigators!®.?0.21,22 by means of 
chemical analyses and photomicrographs. The iron- 
Fe,P-Fe,C eutectic produces a coarse structure consist- 
ing of long FesC and FesP needles in a two-phase 
background of fine “shot-like” austenite transforma- 
tion product in a Fe;P matrix. The iron-Fe,P-graphite 
eutectic produces a much finer, more homogenous 
structure with no Fe,;C needles and a pseudo-binary 
appearance. The latter structure is most frequently 
shown as representative of the phosphide eutectic or 
steadite in gray iron. It is believed that more of the 
graphite in this eutectic separates out onto existing 
graphite flakes as the eutectic temperature is ap- 
proached. 

In a study of the phosphide eutectic in gray iron, 
Bardenheuer and Kunkele?!:2? found that the meta- 
stable iron-Fe,P-Fe,C modification solidifiies at 1744 F, 
while the stable iron-Fe,;P-graphite form completes 
solidification at 1760 F. Their results indicate that 
the graphitization of this eutectic is much more sensi- 
tive to carbide stabilizing factors, such as cooling rate 
or silicon content, than the corresponding iron-carbon 
eutectic. Either or both forms of phosphide solidifica- 
tion were frequently observed in normal gray irons. 
A large increase in the base phosphorus content was 
found to promote graphitization, thereby explaining 
the predominance of the graphite form in published 
photomicrographs which usually show the relatively 
large fields of steadite in high phosphorus irons. 

Incidentally, this metastability may explain the in- 
consistencies in reports of the carbide stabilizing influ- 
ence of phosphorus on gray iron. If the phosphide 
eutectic were solidifying in the carbide form, higher 
phosphorus would reduce graphitic carbon by simply 
tying up more carbon in the steadite phase. However, 
when the phosphorus was increased sufficiently to pro- 
mote graphitization of the metastable eutectic, an in- 
crease in graphitic carbon would be noted. On the 








10 


PER CENT CARBON 


Fig. 11—1Iron-Carbon-Phosphorus-Silicon System (Von 
Keil & Mitsche). 
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other hand, if the eutectic were originally solidifying 
in the stable graphite form, no variation in graphitic 
carbon would be observed with increasing phosphorus. 
The solubility of phosphorus in gray irons and pig 
irons has been variously reported, with values ranging 
from 0.04 to 0.12 per cent. Stead?* noticed an appar- 
ent increase in the solubility with slower cooling 
rates which was later explained by Vogel’? from a 
phase rule study of the iron-carbon-phosphorus sys- 
tem confirmed by quenching experiments. He demon- 
strated that phosphorus has a greater solubility in 
ferrite than in austenite, a peritectoid reaction caus- 
ing part of the Fe;P to redissolve on cooling through 
the gamma-alpha transformation range. Thus, the 
closer approach to equilibrium produced by slow 
cooling would tend to make this re-solution more 
complete, and smaller quantities of steadite would 
appear on metallographic examination. The function 
of cooling rate undoubtedly explains the wide dis- 
crepancies in reported solubilities, since they were 
nearly always obtained from metallographic studies. 
Very few investigators have studied the properties 
of the: phosphide eutectic in the presence of alloying 
elements. Rote and Wood!? obtained the outstand- 
ing findings in this field from a study of exuded beads 
from nickel-molybdenum gray irons. Chemical analy- 
ses of the beads revealed a strong tendency for molyb- 
denum to segregate to the phosphide eutectic. High 
phosphorus 2.65 C, 2.25 Si, 2.50 Mo, 1.75 Ni irons 
consistently yielded phosphide beads containing 2.10 
C, 1.10 Si, 4.40 P, 5.85 Mo, and 1.65 Ni, leading to 
the conclusion that phosphorus in the eutectic re- 
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Cube No. P2 (0.75 Cr) 


413 


moves 1.3 times as much molybdenum from the mat- 
rix. 

In similar base irons containing 0.95 to 1.60 P and 
only 0.75 Mo, nearly all of the molybdenum in the 
matrix segregated to the phosphide eutectic because 
there was not enough present to satisfy this ratio. 
Metallographic and thermal analysis of reheated spe- 
cimens showed quite conclusively that this molyb- 
denum segregation occurs only in the cooling range 
between the iron-carbon and the phosphide eutectic, 
apparently with a high diffusion rate. Nickel ex- 
hibited no tendency toward a segregation of this 
type, distributing about equally between the phos- 
phide and the matrix. 


Phosphide Eutectic in Cubes 


Metallographic studies of the phosphide eutectic 
in 4-in. cubes produced several interesting findings. 
All cubes containing molybdenum or chromium con- 
sistently showed larger areas of steadite at a given 
phosphorus level, indicating that both alloys must 
segregate to the eutectic and thereby increase its 
quantity. A comparison may be seen in Fig. 12, 
which shows representative areas in the centers of 
cubes alloyed from the same base heat. The speci- 
mens were etched with an arsenic solution developed 
by Schneidewind and Harmon** which darkens all 
microconstituents except the phosphide eutectic. It 
will be noted that the molybdenum iron shows a 
marked tendency to form continuous phosphide net- 
works, while the chromium iron produces more wide- 
ly scattered phosphides similar to its scattered micro- 





Cube No. P4 (1.00 Mo) 


Fig. 12—Increase in quantity of phosphide eutectic in center of 4-in. cubes produced by chromium and molybdenum addi- 
tions to a 0.13 P base iron. Arsenic etch. Mag. 250x. 
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TABLE 4—-CHEMICAL ANALYSES OF EXUDED BEADS FROM 4-iN. CUBES 





Composition of Cube* 


P Alloy 


Composition of Beads 


Cr ~ Mo 7. 





0.13 (Plain) 

0.13 2.00 Ni 0.48 
0.13 0.75 Mo 0.55 
0.13 0.97 Cr 0.65 


0.04 Ni-Cr-Mo** 0.10 
0.06 Ni-Cr-Mo 0.25 
0.08 Ni-Cr-Mo 0.41 


0.15 Ni-Cr-Mo 0.46 0.54 


0.28 Ni-Cr-Mo 0.70 


2.83 
2.75 


3.06 
3.49 


* Base Composition: 3.24-3.32 T.C., 2.23-2.29 Si, 0.77-0.81 Mn, 0.09-0.11 S. 


** (0.66 Ni, 0.84 Cr, 0.83 Mo. 





porosity. It should be remembered that the quantity 
of phosphide eutectic visible in the photomicrographs 
is undoubtedly considerably less than that present 
at its solidification temperature, due to the peritec- 
toid gamma-alpha reaction, 

y + Fe;P > a + Fe,C. 

A comparison between surface and center speci- 
mens from each cube revealed no marked segrega- 
tion of phosphorus toward the center in any of the 
irons. This was confirmed by chemical analyses taken 
from several points. In some cases, the surface phos- 
phorus would be reported 0.01 per cent higher than 
the center; in others it would be reversed. An ab- 
sence of segregation from surface to center would be 
expected in view of the nearly equilibrium solidifica- 
tion conditions observed in the thermal studies. 


Fig. 13—Photomicrograph of phosphide eutectic in center 
of Ni-Cr-Mo cube, showing typical iron-Fe,P-Fe,C eutec- 
tic structure. Etch—2% Nital. Mag.—500x. 


A study of the steadite structures at high magni- 
fications revealed that the presence of molybdenum 
or chromium produces a drastic change in the solidi- 
fication of the phosphide eutectic. All irons contain- 
ing over 0.50 per cent of either or both of these ele- 
ments showed the coarse, needle-like phosphide struc- 
tures characteristic of the iron-Fe,P-Fe,C eutectic, 
even in the presence of sufficient nickel to produce 
balanced alloy additions. A representative structure 
of this type is illustrated in Fig. 13. The white car- 
bide needles, brought into relief by deep etching, 
may be seen extending completely across the eutectic 
area. As the molybdenum or chromium content was 
reduced below 0.50 per cent, increasing quantities of 
the fine pseudo-binary iron-Fe;P-graphite eutectic 
were evident. The plain and straight nickel cubes 
exhibited only the pseudo-binary graphite type at all 
composition levels. 


Exuded Beads from Cubes 


The exuded beads which frequently appeared in 


Fig. 14—Photomicrograph of bead from Cube No. T2 
(2.00 Ni), showing typical structure of plain and nickel 
phosphides. Etch—-2% Nital. Mag.—100x. 
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Bead from cube No. 11 (0.04 P) 
Bead analysis—0.10 P 
Etch—2% Nital Mag.—200x 


Fig. 15—-Photomicrographs of beads from Ni-Cr-Mo cubes, 
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Bead from cube No. 17 (0.28 P) 
Bead analysis—0.70 P 


Etch—2% Nital Mag.— 100x. 


showing typical structure of chromium and molybdenum 


phosphides. 


the top sink of the cubes, as was shown in Fig. I, 
yielded additional information on the properties of 
the phosphide eutectic. Chemical analyses of typical 
beads are presented in Table 4, together with the 
base cube compositions. Since all of the cubes were 
poured from relatively low phosphorus irons, the 
beads contained considerable quantities of iron-car- 
bon eutectic in addition to phosphide eutectic. 

The first series of beads was obtained from cubes 
poured from the same 0.13 per cent P base iron with 
various alloy additions. Both molybdenum and 
chromium indicated strong tendencies for segrega- 
tion to the phosphide, the alloy contents of the “im- 
pure” beads being over twice that of the base irons. 
Nickel showed no tendency for segregation, distribut- 
ing slightly less than its base content to the phos- 
phide. Sulphur and manganese were both strongly re- 
jected from the high phosphorus liquid, due to the 
high melting point of manganese sulphide. The 
tendency for molybdenum and chromium to carry 
higher carbon contents into the phosphide eutectic 
is noteworthy and will be discussed further in the 
next section. 

The second series of beads was obtained from the 
Ni-Cr-Mo cubes having various phosphorus contents. 
Since the liquid metal was exuded from the cubes 
near the end of iron-carbon eutectic solidification, 
these results provide a very accurate measure of the 
solubility of phosphorus in austenite in the range of 
the phosphide eutectic temperature. Any enrichment 
of the remaining liquid would indicate that the solu- 
bility is lower than the phosphorus content of the 
base iron, since austenite would be expected to separ- 
ate out with its full phosphorus content. The slight 


enrichment of the liquid in the 0.04 per cent P 
iron shows quite conclusively that the austenite solu- 
bility is slightly below this level in the presence of 
the alloys. The higher phosphorus irons exhibited 
increasing percentages of phosphorus in the beads, 
as would be expected. 

Photomicrographs of representative beads from 
these series are shown in Figs. 14 and 15. Even at the 
fairly rapid solidification rates experienced by the 
small drops of liquid, both the plain and straight 
nickel beads exhibited the well developed gray iron 
structures and typical pseudo-binary phosphide eutec- 
tic areas shown in Fig. 14. The molybdenum and 
chromium beads, on the other hand, all revealed the 
typical iron-Fe;P-Fe;C type of structure illustrated in 
Fig. 15. It will be noted that the phosphide areas in 
these beads are all associated with large amounts of 
massive carbide. The small amount of phosphide 
eutectic in the bead from the 0.04 per cent P cube 
may be seen in areas joining the massive carbides. 


Exuded Beads from High Phosphorus Irons 


In order to estimate the compositions of the com- 
plex alloy-phosphide eutectics, exuded beads of great- 
er “purity” or higher phosphorus content were re- 
quired. For this purpose, a series of high phosphorus 
heats of base composition 2.60 C, 2.20 Si, 0.95 Mn, 
0.90 S, and 0.92-1.50 P were heavily alloyed and cast 
into cylinders 314 in. in diameter and 5 in. high, 
molded in baked core sand. The cylinders were 
found to produce a maximum yield of beads in pre- 
liminary trials, and previous investigations have in- 
dicated that low carbon compositions are conducive 
to bead formation, probably due to their wider freez- 
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TABLE 5—CHEMICAL ANALYSES OF EXUDE D BEADS FROM HIGH PHOSPHORUS IRONS 
Composition of Casting* Composition of Beads 
No. P Ni Cr Mo P Ni Cr Mo re Si Mn 
R16-2 1.45 (Plain) 5.57 0.80 0.66 
R27-47 1.30 . (Plain) 4.84 2.10 1.12 0.72 
R17-6** 1.50 2.50 5.26 
R27-44 1.30 3.03 4.75 8.32 
R22-13 1.50 3.00 1.50 4.83 2.69 
R27-45 1.30 1.00 2.50 3.31 0.75 4.00 
R28-52 0.92 0.75 1.50 5.02 7.24 
R24-20 1.30 1.50 4.69 2.07 
R24-24* 1.30 1.50 4.82 2.14 
R28-50 0.92 0.66 1.46 3.83 0.69 1.95 
R23-16 1.30 2.00 2.00 4.25 1.90 3.69 
R23-17 1.30 1.00 2.00 2.82 


* Base Composition: 2.55-2.59 T.C., 2.16-2.21 Si, 0.98 Mn, 0.09 S. 
** Strongly inoculated with both FeSi and graphite before pour ing. 





ite flakes, and solidified as the pseudo-binary iron- 
Fe;P-graphite eutectic which appears as a mottled 
background. Close inspection will reveal that some 


ing range. All heats were inoculated with 0.50 per 
cent of the total silicon to promote graphitization. 
The chemical analyses of the beads are summarized 





in Table 5, together with the base phosphorus and 
alloy contents of the irons from which they were ob- 
tained. The beads from the plain irons revealed 
phosphorus contents considerably below the equili- 
brium value of 6.9-7.0 per cent for the unalloyed 
phosphide eutectic, indicating that they still con- 
tained some iron-carbon eutectic “impurity.” This 
may be seen in Fig. 16, which clearly illustrates the 
steps in the solidification of compositions below the 
eutectic phosphorus content. 

The separation of the dark primary austenite den- 
drites was followed by the solidification of the iron- 
carbon eutectic, which graphitized completely to form 
the homogeneous gray regions of ferrite. The re- 
maining liquid then cooled to the phosphide eutectic 
temperature, separating its carbon on existing graph- 





Fig. 16—Microstructure of exuded bead from high phos- 
phorus plain iron R27-47. Bead analysis: 2.10 T.C., 1.12 
Si, 4.84 P, 0.72 Mn. Etch—Acid FeCl,;. Mag.—100x. 


of the graphite flakes have grown into and through 
the phosphide eutectic liquid during the carbon sep- 
aration. The white needles visible in the eutectic 
are Fe;P and not Fe3C, since they could not be 
darkened by an acid FeCl; etch which readily attacks 
the latter phase. 

The beads from the alloy irons, exemplified by 
Figs. 17, 18, and 19, revealed no phases which could 
arise from iron-carbon eutectic solidification, indicat 
ing that they are very close to the pure phosphide 
eutectic compositions in equilibrium with alloy gray 
irons. This conclusion is indirectly confirmed by the 
findings of Rote and Wood,!*? who demonstrated that 
molybdenum does not begin to diffuse into the phos- 
phide until the completion of iron-carbon eutectic 
solidification. The high molybdenum content of the 


Fig. 17—Microstructure of exuded bead from high phos- 
phorus chromium-nickel iron R27-44. Bead analysis: 4.75 
P, 8.32 Mo. Etch—Acid FeCl,. Mag—2100x. 
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Fig. 18—Microstructure of exuded bead from high phos- 
phorus chromium-nickel iron R28-50. Bead analysis: 3.83 
P, 1.95 Cr, 0.69 Ni. Etch—Acid FeCl,. Mag.— 50x. 


alloy beads indicates that the remaining liquid must 
have cooled considerably below the iron-carbon eutec- 
tic to provide sufficient time for the diffusion before 
exuding. 

The bead analyses reveal that molybdenum and 
chromium both sharply reduce the phosphorus con- 
tent of the eutectic and to about the same extent. 
In every case, the very low phosphorus contents were 
found to be associated with the formation of ab- 
normally large massive carbides, similar to that 
shown in Fig. 18, and the amount of the phosphorus 
reduction showed a close relationship to the size of 
the carbide. The analyses of beads containing little 
or no excess carbide, exemplified in Fig. 19, indicate 
that the pure eutectics contain approximately 5.0 
per cent P over a wide range of alloy compositions 
containing molybdenum or chromium. Incidentally, 
this tendency for molybdenum and chromium to car- 

additional carbon into the eutectic and thereby 
further reduce its phosphorus content would greatly 
increase the quantity of phosphide in a gray iron 
casting. At a given phosphorus level, a phosphide 
eutectic containing 3.5 per cent P would occupy 
twice as much volume as the phosphide eutectic in 
unalloyed iron containing 7.0 per cent P. 

The segregation of molybdenum from straight 
molybdenum irons and those containing small addi- 
tional percentages of nickel was remarkable. A 3.05 
per cent Mo iron segregated 8.32 per cent Mo into 
the phosphide eutectic, while a 1.50 Mo, 0.75 Ni iron 
produced bead; containing 7.24 per cent Mo. Addi- 
tions of nickel or chromium appear to reduce the 
segregation to some extent. This tendency may be 
semi-quantitatively evaluated by computing the ratio 
of molybdenum to phosphorus for the four analyses 
in Table 5 containing molybdenum: 
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Fig. 19—Microstructure of exuded bead from high phos- 

phorus chromium iron R24-24, showing effect of strong 

inoculation treatment. Bead analysis: 4.82 P, 2.14 Cr. 
Etch—Acid FeCl,. Mag.—100x. 





No. , Mo ‘Zo P in Beads % Niin Beads 4% Cr in Beads 
R27-44 1.75 0 0 
R28-52 1.44 (0.50-0.60) 0 
R27-45 1.21 0.75 0 
R23-16 0.87 “0 1.90 





Thus, a steady trend for reduced molybdenum segre- 
gation with increasing amounts of other alloys is in- 
dicated. Chromium probably exerts the greatest 
influence because of its own tendency for segregation. 

The segregation of chromium to the phosphide 
eutectic appears to reach a maximum at about 2.15 
per cent. Other alloys may reduce this segregation 
slightly, although the chromium to phosphorus ratios 
appeared to remain quite constant throughout. Nickel 
again exhibited no tendency toward segregation, dis- 
tributing slightly less than its base content to the 
phosphide, and it might be expected that this alloy 
would not reduce the eutectic phosphorus content 
below 7.0 per cent. 

The beads from R27-44, containing 4.75 P and 8.32 
Mo, revealed some very interesting structures, which 
may be seen in Fig. 17. The acid ferric chloride 
etch darkened the carbides to differentiate them from 
the white phosphides. Due to rapid freezing and con- 
centration gradients, four constituents appear in co- 
existence. A few austenite dendrites form the black 
scattered patterns, while white angular crystals of 
primary Fe;P are also visible. The appearance of 
these two phases simultaneously is quite unusual, 
since they lie on opposite sides of the ternary eutectic. 

As the bead cooled to near the eutectic tempera- 
ture, the strong crystallization tendency of the carbide 
apparently depleted the melt in carbon at several 
points, resulting in herringbone binary iron-FesP 
structures adjacent to the needles. Finally, the re- 
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mainder of the melt solidified as the fine ternary 
eutectic in the background. Although the carbide 
needles are actually part of the ternary iron-Fe;P-Fe;C 
eutectic, previous investigators have found that their 
strong crystallization tendency makes them appear 
to solidify separately from the remainder of the eutec- 
tic. It is interesting to note that the needles crystal- 
lized completely through austenite dendrites and over 
corners of primary phosphides. 

Another interesting phenomenon was the influence 
of very strong inoculation on the phosphide struc- 
tures. A bead obtained from a chromium iron inocu 
lated with ferro-silicon, illustrated in Fig. 18, shows 
a typical massive carbide which may be clearly dis- 
tinguished by the relief effect, although the chromium 
content prevented darkening by etching. A similar 
iron, strongly inoculated with both ferro-silicon and 
graphite, produced beads of the type shown in Fig. 
19. It can be seen that the intensive inoculation 
treatment persisted into the phosphide eutectic, pre- 
venting the formation of massive carbides and caus- 
ing a small amount of graphitization. A similar re- 
sult could not be obtained in the molybdenum irons, 
indicating that chromium carbide might be slightly 
less stable than molybdenum carbide in the presence 
of high phosphorus. 


Phosphide Volume Changes 


Based on these findings, the liquid and solidifica- 
tion volume changes of representative plain and alloy 
phosphide eutectic compositions could then be de- 
termined. A review of the literature revealed that 
the pyknometer and sand cast bar techniques em- 
ployed by Ash and Saeger!®.!! in an investigation of 
the volume changes of white and gray irons should 
provide the best method for this study. 

The pyknometer technique for the determination 
of the densities of liquid metals consists essentially 
of removing samples of known volume from the melt 
at various temperatures and weighing the resulting 


A 





Fig. 20—Graphite immersion crucibles for liquid density 
determinations. 
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Fig. 21—-Solid contraction equipment. 


ingots. Since the volume of the metal is determined 
at the temperature in question and the mass remains 
constant, the densities are independent of the mode 
of solidification or the soundness of the ingots. 

For this purpose, a set of six immersion crucibles 
shown in Fig. 20, were constructed entirely of graph- 
ite. A small lid, loosely threaded to the center plung- 
er rod and machined to a close fit with the crucible 
lips, insured the entrapment of a known volume. Be- 
fore each use, the crucibles were coated with a slurry 
of fine zirconia and fire clay and fired in a brazing 
torch. This coating prevented any reaction with the 
melt for the duration of the immersion. After coat- 
ing, the crucible volumes at room temperature were 
determined by filling them with mercury and weigh- 
ing the quantity required. —The volumes at the sampl- 
ing temperatures could then be determined from the 
expansion coefficient of graphite between these temp- 
eratures. 

In sampling, the furnace was set to maintain a con- 
stant temperature, the melt carefully skimmed, and 
the crucible immersed with a quartz-tipped plat- 
inum-platinum rhodium thermocouple inserted in 
the cavity. When the crucible and lid reached the 
constant temperature of the melt, the thermocouple 
was removed, the lid tightly pressed against the lip 
of the crucible, and the entire assembly lifted out 
and placed on the rack for cooling in air. After cool- 
ing to room temperature, the ingots were removed, 
cleaned of any adhering coating, and carefully 
weighed. 

The sand cast bar technique for measuring solid 
contractions consists of securely fixing one end of the 
bar and observing the movements of the free end on 
cooling after solidification. Thermocouples placed 
along its length measure the average temperature to 
establish the linear contraction-temperature relation- 
ship, and the volume contraction of the alloy is ob- 
tained by multiplying the linear contraction by a 
factor of three. The density of the bar at room 
temperature determines the lower end of the solid 
contraction curve, which may be recomputed in terms 
of specific volumes and plotted with the liquid speci- 
fic volumes determined by the pyknometer method. 
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Fig. 22—-Experimental linear contraction and temperature curves from nickel phosphide bar H8. 


The solidification contraction is then given by the 
change in specific volume over the freezing range of 
the alloy. 

A cut-away view of the solid contraction equip- 
ment used in the present investigation is illustrated 
in Fig. 21. The bar was cast in a 1.2-in. core sand 
test bar mold rammed into a flask of green sand. 
The fixed point was provided by a stainless steel 
studbolt inserted through the center of the mold 
cavity at one end of the bar and securely bolted to 
the bottom board. A core sand plug, placed in the 
free end of the mold with its face exactly 12 in. from 
the center of the fixed pin, provided a standard con- 
traction length 

A fused quartz rod was then inserted through holes 
in the flask and plug and extending 4 in. into the 
mold cavity to translate the movements of the free 
end of the bar to the micrometer microscope. Three 
small alundum-tipped thermocouples inserted into 
the centerline of the mold cavity along its length 
were connected in parallel to measure the average 
bar temperature. The thermocouples were placed in 
oversize holes and completely freed from the mold as 
soon as the bar solidified to avoid any hindrance to 
contraction. Due to the low pouring temperatures of 
the phosphide eutectics, the bars had a very smooth, 
mirror finish, indicating that little or no mold re- 
sistance could have been encountered. 

The freezing range of the alloy was determined 
from a separate specimen shown at the left side of 


Fig. 21. A hollow insulation brick provided very 
slow cooling for a close approach to equilibrium sol- 
idification conditions. Two thermocouples inserted 
into the center of the cavity were alternately read 
every 0.1 min from pouring. 

The compositions chosen for this study were those 
representing the saturated phosphide eutectics in 
plain, straight nickel, straight molybdenum, and 
straight chromium irons, as determined by the exuded 
bead studies. Following preliminary melts to check 
alloy recoveries, the heats were melted in a 30-lb in- 
duction furnace from charges of wash metal, ferro- 
24-phosphorus, coke, electrolytic nickel, ferro-60-moly- 
bdenum, and ferro-70-chromium. 

The melts were held under a coke blanket to ob- 
tain maximum solution of carbon and skimmed at 
2600 F for the first crucible sampling. Successive 
samples were then removed on cooling at 125-150 F 
intervals until the last sample was obtained at ap- 
proximately 1990 F. The remaining metal was <e- 
heated and poured into the solid contraction mold 
and insulation brick at 2400 F. Successive readings 
were taken on the micrometer microscope and bar 
temperature every 0.1 min after pouring until the 
contraction rates had slowed considerably. The read- 
ings were then continued at intervals until the bar 
reached room temperature. A specimen was then cut 
from the center of the bar, carefully ground, and 
weighed in air and water to determine its density. 

A typical plot of the linear contraction and bar 
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Fig. 23—Volume changes of experimental phosphide com- positions on cooling from the liquid state. 


temperature data is shown in Fig. 22. The very slight 
expansion during solidification was obtained with all 
of the alloys and is probably due to the heat effect 
produced by rapid solidification after undercooling 
Ash and Saeger'! observed a similar small expansion 
in both white and gray irons which they attributed 
to a release of dissolved gasses. A well defined de 
crease in the rate of contraction may also be seen at 
approximately 1220 F (15.5 min after pouring), cor- 
responding with the alpha-gamma transformation ol 
the small amount of austenite in the phosphide 
eutectic. 

The cooling curves obtained from the samples in 
the insulating bricks showed well defined eutectic 
temperatures with no indication of undercooling. 
The plain eutectic solidified at 1753 F, corresponding 
with the results of the German investigators, and the 
molybdenum-phosphide eutectic solidified at 1700 F. 
which lies about midway between the values ob- 
tained by Wood and Rote!” on cooling and reheat- 
ing phosphorus-bearing nickel-molybdenum irons. 
Chromium raised the eutectic temperature to 1777 F, 
while nickel reduced it slightly to 1742 F. 

The specific volume-temperature relationships com- 
puted from the liquid and solid contraction data for 
the four phosphide compositions are shown in Fig. 
23, together with the curve reported by Ash and 
Saeger™ for white cast iron of approximately the 
same carbon and silicon content. The large quantity 
of low density phosphorus in the eutectics resulted 
in liquid specific volumes considerably greater than 
those shown by the white iron at corresponding tem- 
peratures. This effect was partially offset by replac- 


ing some of the iron with high density molybdenum 
and nickel in the alloy eutectics. The average lines 
drawn through the liquid specific volume points for 
each alloy gave a liquid contraction rate of 1.1 per 
cent per 100 C, corresponding with the results of 
previous investigators!' for a wide range of iron-base 
alloys. 

The low graphite carbon contents in the chemical 
analyses of the solid contraction bars indicated that 
all four eutectics solidified almost entirely in the 
metastable iron-Fe,P-Fe,C form. This was confirmed 
by the microstructures of the bars, illustrated in Fig. 
24, which show the typical metastable eutectic struc- 
tures observed in the exuded bead studies and the 
carbides darkened by the acid ferric chloride etch. 
The slightly higher graphitic carbon in the chrom- 
ium-phosphide appeared in concentrated spots simila) 
to temper carbon, and was probably associated with 
the inoculation of the melt by a graphite crucible, 
causing the peculiar instability of the chromium 
carbide noted previously. In the other alloys, the 
small amount of graphite appeared only in the pri- 
mary dendrites. 

The solidification contractions of the metastable 
eutectics could be quite precisely determined from 
these data, since the liquid density points fell ver 
close to the average lines as the eutectic temperature 
was approached and the solid contraction curves ori- 
ginated in the eutectic temperature. However, these 
curves do not present a completely accurate picture 
of the eutectics in gray iron, where the phosphide 
phase is surrounded by graphite flakes and the dif- 
fusion of various elements is involved. 
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Heat H5—Plain phosphide 
(6.88 P, 1.36 T.C., 0.10 G.C., 0.81 Si, 0.76 Mn) 
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Heat H7—Chromium phosphide 
(5.84 P, 2.41 Cr, 1.75 T.C., 0.55 G.C., 0.90 Si) 


Fig. 24—-Microstructures of phosphide compositions used 
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Heat H8—Nickel phosphide 
(7.05 P, 2.00 Ni, 1.67 T.C., 0.11 G.C., 0.90 Si) 





Heat H6—Molybdenum phosphide 
(5.55 P, 9.20 Mo, 1.33 T.C., 0.11 G.C., 0.80 Si) 


in volume change determinations. Etch—Acid FeC1;. 


Magé.—100x. 


It will be recalled from the metallographic studies 
of the cubes and exuded beads that the plain and 
nickel phosphides in gray irons consistently solidified 
as the graphite eutectic, while the saturated moly- 
bdenum and chromium phosphides solidified in the 
metastable carbide form. In addition, it has been 
quite conclusively shown that the phosphide in 
molybdenum irons originally forms as a low allov 
phosphide eutectic and the molybdenum diffuses in 
rapidly after the completion of iron-carbon solidifica- 
tion. Due to the similar segregation of chromium to 
the phosphide, it might be expected that this alloy 
behaves in a similar manner. Consequently, a few 
simple transformations of the original data are neces- 
sary to obtain a true picture of the phosphide volume 
changes in gray iron. 


Volume Changes in Gray Iron 


First of all, the origins of the liquid specific vol- 
ume curves must conform with the mechanism for 
phosphide eutectic formation. During iron-carbon 
solidification, the remaining liquid surrounding the 
eutectic cells is being continuously enriched in phos- 
phorus and does not achieve its full phosphorus con- 


tent until iron-carbon solidification has been com- 
pleted. Consequently, the liquid specific volume 
curves for the saturated phosphides shown in Fig. 23 
apply only at temperatures below the iron-carbon 
eutectic (about 2050 F). At higher temperatures, 
these curves would slope downward to the left of the 
plot and eventually intersect the curve for gray or 
white iron of the same carbon and silicon content. 

Secondly, the liquid specific volume curves for the 
molybdenum and chromium phosphides should be 
adjusted to correspond with their aforementioned low 
alloy content on formation at 2050 F. Assuming that 
these eutectics form with only 1.0 per cent alloy 
content and the same phosphorus content, their spe- 
cific volumes at 2050 F could be readily computed 
from the original data on the thesis of the proportion- 
ality between liquid specific volumes and percentages 
of added elements shown by Benedicts, Erickson, and 
Ericksson.*5 

The resulting values are plotted in Fig. 25. As 
would be expectcd, the initial specific volumes of 
these alloys fall very close to that of the plain eutec- 
tic and it is apparent that a slight error in the as- 
sumptions would have a minor effect on the overall 
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Fig. 25—Volume changes of saturated phosphide eutectics in plain and alloy gray irons. 


plot. Since the molybdenum and chromium phos- 
phides are saturated on solidification, the liquid spe- 
cific volumes at their solidification temperatures could 
be transferred directly from the original data. The 
liquid specific volume curves were then approximated 
as straight lines between 2050 F and solidification. 

Since nickel exhibits no tendency for segregation of 
reduction of the eutectic phosphorus content, the 
nickel phosphide would be expected to form at 2050 F 
with full alloy content. Consequently, its liquid spe- 
cific volume curve was retained in its original form, 
as was that of the plain eutectic. 

The final adjustment to the original data involves 
the consistent graphitization of the plain and nickel 
phosphide eutectics in gray iron. Since the experi- 
mental phosphide contraction bars contained only 
0.11 per cent graphitic carbon, the room temperature 
densities which determined the lower end of the solid 
contraction curves were much greater than would be 
obtained with the fully graphitized eutectics. Thus, 
the entire solid specific volume curves fell at abnor- 
mally low values and produced solidification contrac- 
tions for these alloys which do not represent their true 
behavior in gray iron. The only correction required 
in this case is simply the change in solidification con- 
traction accompanying a given increase in graphitic 
carbon at the same total carbon content. 


Ash and Saeger™, Honda and Endo,?* and Honda, 
Kase, and Matsuyama*? have measured the relation- 
ship between solidification volume change and graphi- 
tic carbon for a wide range of iron alloys containing 
carbon, silicon, and phosphorus. Their results are all 
in very close agreement on the rate of change in solidi- 
fication contraction with change in graphitic carbon, 
which may be expressed by the following average for- 
mula: 

Increase in % Solidification Contraction = 

—2.0 x (Increase in % G. C.) 
From measurements on the ternary Fe-C-P diagram, 
the iron-Fe;P-graphite eutectic consists of approxi- 
mately 49 per cent austenite, 47 per cent Fe;P, and 
4 per cent graphite by weight’ Assuming that the 
austenite in the eutectic transforms to pearlite with 
0.65 per cent combined carbon, the entire eutectic 
would then contain 49% x 0.65 = 0.32% combined 
carbon. With 2.10 per cent total carbon, as indicated 
by the exuded beads, the phosphide-graphite eutectics 
would then contain 1.78 per cent graphitic carbon, an 
increase of 1.67 per cent over that in the experimental 
phosphide bars. Thus, applying the above formula, 
—3.34 per cent should be added to the measured 
solidification contractions for both alloys to obtain the 
correct values for their contractions in gray irons. 
Computing from the specific volumes in Fig. 23, the 
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measured contractions are 4.21 per cent and 2.52 per 
cent, resulting in values of 0.87 per cent and —0.82 
per cent for the solidification contractions of the plain 
and nickel phosphides in gray iron, respectively. 

Since the liquid specific volumes are not affected by 
a graphitization correction, the solid specific volumes 
at solidification could be computed back from these 
contractions and plotted as origins for the new plain 
and nickel phosphide solid contraction curves shown 
in Fig. 25. In view of the high alloy content of the 
saturated molybdenum and chromium phosphides and 
their strong tendency for massive carbide for: .ation, 
it is extremely unlikely that they would produce any 
graphite on normal solidification in gray iron. Conse- 
quéntly, the molybdenum and chromium phosphide 
solid contraction curves were similarly translated 
downward slightly to correct the small amount of 
graphitization obtained in the experimental bars. 

The resulting plot, Fig. 25, represents the volume 
changes of the saturated phosphide eutectics in plain, 
nickel, molybdenum, and chromium gray irons. In 
considering the molybdenum and chromium phos- 
phides, it must be remembered that these volume 
changes apply only when the alloys have diffused into 
the phosphide eutectic in sufficient quantities to ap- 
proach saturation contents. This diffusion depends, 
of course, on the cooling rate and the alloy and phos- 
phorus contents of the base iron. In the 4-in. cubes, 
saturation contents were probably closely approached 
at 0.13 per cent P when the molybdenum or chrom- 
ium contents reached 1.0 per cent. At lower alloy 
levels, the volume changes of the phosphides would 
be intermediate between those of the plain and the 
saturated alloy eutectics. Similarly, the volume 
changes shown for the nickel phosphide apply to a 
2.25 per cent Ni iron, and lower percentages of this 
alloy would produce curves intermediate between that 
shown and the plain phosphide eutectic. 


Mechanism for Void Formation 


On the basis of the liquid and solidification contrac- 
tions exhibited by the plain, molybdenum and chrom- 
ium phosphide eutectic compositions, a satisfactory 
mechanism for internal shrinkage porosity formation 
could now be developed and quantitatively checked. 
The 4-in. cube will be chosen as a model for this dis- 
cussion, since its solidification has been quite thor- 
oughly studied in the present investigation. 

Immediately after pouring, a rapidly solidified shell 
approximately 14 in. thick forms or the side and bot- 
tom surfaces. On further cooling, the surface of the 
shell is heated by the interior liquid to approximately 
1850 F and the inner layers are built up somewhat by 
primary solidification. A major portion of the iron 
in the cube remains liquid for about 8 min, during 
which time it undergoes liquid contraction and re- 
cedes from the top surface of the mold. At the end of 
this period, iron-carbon solidification proceeds almost 
simultaneously from nuclei throughout the melt at 
various degrees of undercooling. The top surface 
completes solidification during this interval but does 
not acquire sufficient strength to resist the pressure of 
the atmosphere, and pipes down to relieve any void 
formation by iron-carbon eutectic contraction. Thus, 


423 


the cube is completely sound at the completion of 
iron-carbon solidification, regardless of the composi- 
tion of the iron. 

During or shortly after iron-carbon eutectic solidifi- 
cation, the rapid solid contraction of the cooler outer 
shell begins to subject the interior to high pressure. 
This pressure is augmented by the expansion of the 
center due to precipitation of graphite from saturated 
austenite after iron-carbon solidification, and both 
factors would tend to insure maximum internal sound- 
ness. 

The data of Ash and Saeger’! reveal that the 
graphite expansion reaches a maximum at 1935 F, 
and then drops off rapidly to a normal solid contrac- 
tion rate. Although the pressure exerted by the outer 
shell undoubtedly persists to low temperatures, the 
inner layers at some point between the surface and 
center eventually gain sufficient strength to resist fur- 
ther deformation of the center. In another investiga- 
tion, tensile tests on direct cooling from the liquid 
state revealed that gray iron exhibits a marked in- 
crease in strength at 1950 F, indicating that this phe- 
nomenon occurs at a center temperature somewhat 
above this point. Thus, internal voids cannot begin 
to form until the center has cooled below 1935 F, at 
which temperature the center has ceased expanding 
and the inner layers have gained sufficient strength 
to resist further deformation by residual pressure 
gradients. 

During iron-carbon eutectic solidification, austenite 
separates out with the phosphorus content indicated 
by its solubility at these temperatures, and the liquid 
surrounding the eutectic cells, which are growing in a 
radial direction from the original nuclei, is being con- 
tinually enriched by any phosphorus in excess of this 
solubility. Due to the slowness of the eutectic solidi- 
fication and the fluidity of the high phosphorus liquid, 
which is 300-350 F above its freezing point, the con- 
centration of the liquid would be expected to main- 
tain an excellent equilibrium and form a continuous 
network around the cells as they grow out to meet 
each other. 

The pressure conditions in the interior of the cast- 
ing would further improve the continuity, since liquid 
transmits pressure in all directions and would tend to 
force its way between any cells which did not have a 
liquid layer between them. This interlocking network 
has been frequently illustrated by metallographic 
specimens etched with Stead’s reagent, in which the 
high phosphorus iron produced by re-solution of Fe;P 
during the peritectoid gamma-alpha transformation 
may be seen completely outlining the eutectic cells. 

In the cooling range between the iron-carbon eutec- 
tic temperature at about 2050 F and the completion 
of phosphide eutectic solidification at 1700-1750 F, 
the liquid eutectic in this network experiences the 
liquid and solidification contractions shown in Fig. 25. 
Above a center temperature of 1935 F, these contrac- 
tions contribute to the relief of internal pressures, but 
below this temperature, they can result in internal 
void formation. 

Due to the thermal gradients existing in the cube, 
solidification of the phosphide eutectic proceeds pro- 
gressively from the cooler outer layers to the interior. 
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In plain irons and those containing molybdenum 
and/or chromium, the solidification is accompanied 
by a marked contraction which would tend to produce 
a local vacuum at that point. As solidification pro- 
ceeds, the vacuum increases in the outer layers until 
capillary action is set up in the network and the tem- 
porary voids are filled by liquid phosphide from the 
interior. This movement continues until sufficient 
“back vacuum” is built up in the center to resist fur- 
ther capillary action. At this point, further solidifica- 
tion results in voids in the freezing layer and the 
outer limits of the spongy region have been deter- 
mined. Thus, the contraction of the phosphide eutec- 
tic in a major part of a heavy section can contribute 
to the formation of voids in the central regions with- 
out a detectable segregation of phosphorus to the 
center. 

A similar analysis may be applied to void forma- 
tion in lighter section commercial castings. In this 
case, large temperature gradients and non-equilibrium 
solidification conditions are produced by the rapid 
cooling of a smaller mass of iron in a green sand mold 
possessing high heat absorption properties. Under 
these conditions, iron-carbon eutectic solidification 
proceeds directionally from the mold walls, and the 
remaining liquid, which is being continually enriched 
in phosphorus by the solidification of low phosphorus 
austenite, segregates strongly to a point midway be- 
tween the cooling surfaces. The hot spot of the cast- 
ing then contains most of the phosphide eutectic pro- 
duced by the given mass of iron, and its subsequent 
liquid and solidification contractions produce con- 
centrated voids. 


Correlation Between Computed and Measured 
Void Volumes 


In order to check the proposed shrinkage mechan- 
ism, theoretical 4-in. cube void volumes were calcu- 
lated from the phosphide contractions shown in Fig. 
25 and compared with the actual values obtained in 
the precision density measurements. 


A sample calculation of the theoretical void volume 
in a 1.00 Mo, 0.13 P cube is presented in Table 6, to- 
gether with a tabulation of data used in deriving the 
void volume formulas for the four grades of iron. In 
these computations, it was assumed that the phos- 
phide network is_ interlocking and _ continuous 
throughout 6000 grams of the 7200-gram cube, ex- 
tending to the rapidly solidified 14-in. layer which 
formed on the side and bottom surfaces. A network 
of this extent is indicated by the slow and nearly 
simultaneous solidification of the large central mass 
and also by the fact that a drastic reduction in thermal 
gradients, which would tend to extend the original 
network, did not produce a detectable change in 
porosity. 

Due to the thermal gradients existing in the cube, 
the various layers extending out from the center ex- 
perience varying amounts of liquid contraction after 
the center reaches 1935 F and void formation may be- 
gin. In the 4-in. cube cooling curves shown in Fig. 5, 
a layer approximately 114 in. from the center repre- 
sents the average cooling conditions of the entire 6000- 
gram mass. Therefore, its average temperature of 1900 
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F when the center reaches 1935 F was chosen as the 
starting temperature for the liquid phosphide con- 
tractions. 

The percentage of phosphorus in the various eutec- 
tics and the solubility of phosphorus in chromium 
and molybdenum irons were obtained from the 
exuded bead studies. The solubility of phosphorus in 
plain and nickel irons was roughly estimated from the 
relative amounts of eutectic visible at various phos- 
phorus levels. It may be seen from the data to follow 
that, except for determining the level at which micro- 
scopic voids begin to form, slight varations in phos- 
phorus solubility have relatively little influence on the 
larger void volumes associated with visible porosity. 

Based on these data and assumptions, the void vol- 
ume formulas shown at the bottom of Table 6 could 
be computed directly from the specific volumes in Fig. 
25 and simple material balances. For comparison with 
the observed void volumes, it will be assumed that the 
saturated molybdenum and chromium phosphides ap- 
ply to the eutectics in 1.0 per cent molybdenum and 
1.0 per cent chromium irons, while the nickel phos- 
phide applies to a 2.25 per cent nickel iron. 

Theoretical void volumes computed from these for- 
mulas at representative phosphorus levels are assem- 
bled in Table 7, together with the measured values 
obtained in the present investigation and those re- 
ported by Timmons.’ In considering the measured 
void volumes, it will be recalled that these values are 


TABLE 6—DERIVATION OF FORMULAS FOR COMPUTING 
4-1n. CuBE Voip VOLUMES PRODUCED BY PHOs- 
PHIDE EuUTECTIC CONTRACTION 





Sample Calculation of Void Volume From Phosphide Eutectic 
Contraction in a 1.00 Mo, 0.13 P Gray Iron 

From Figure 25: 

Spec. Vol. of Liquid Mo-Phos. Eut. at 1900 F, 0.1455cc/gram 

Spec. Vol. of Solid Phos. Eut. on Solidification 0.1367 

Liquid and Solidification Contraction — -0.0088cc/gram Eut. 

% P in Molybdenum-Phosphide Eutectic = 5.00% 

grams Phosphide Eutectic/grams Free Phosphorus=1—20 gram 


05 
grams Free Phosphorus/grams Iron = (%P in Iron — 0.03) 
are 
grams Phos. Eut./6000 grams Iron = 20 x6000x (%P — 0.03) 
ae.  Saee 


= 1200x (% P — 0.03) 
Contraction /6000 grams Iron = 0.0088 1200x (% P — 0.03) 
= 10.56x (% P — 0.03) 
Therefore, for a 1.00 Mo, 0.13P gray iron: 
Void Volume = 10.56 (0.13 — 0.03) = 1.06 cc 


Tabulation of Data for Void Volume Formulas 


Plain 2.25Ni 1.00Cr _ 1.00 Mo 

Sp. Vol. @ 1900 F ~~ 0.1485 (0.1461 (0.1457 (0.1455 
Sp. Vol. @ Solidif. 0.1458 0.1458 0.1403 0.1367 
Contraction/gram Eut. 0.0027 0.0003 0.0054 0.0088 
% P in Eutectic 7.0 7.0 5.0 5.0 
grams Eut./% Free P 

in 6000 grams Iron 857 857 1200 1200 
% P Soluble in Iron (0.08) (0.08) 0.03 0.03 


Formulas for Computing 4-In. Cube Void Volumes From Per- 
centage of Phosphorus in Plain and Alloy Gray Irons 
Plain: Void Volume = 2.31xK (% P — 0.08) 

2.25 Ni: Void Volume = 0.26x (% P — 0.08) 

1.00 Cr: Void Volume — 6.48x (% P — 0.03) 

1.00 Mo: Void Volume =10.56x (% P — 0.03) 
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all slightly high at an additive factor due to the varia- 
tion in density between the corner and center of the 
cube. The 0.04 per cent P cube in the Ni-Cr-Mo series 
showed no microporosity, indicating a correction fac- 
tor of —0.35 cc which has been used to obtain the 
“corrected void volumes” for the remaining cubes 
poured from this base composition. The void volumes 
of the plain and straight molybdenum irons would 
require a correction of similar magnitude. A much 
larger correction is indicated for the straight chrom- 
ium irons due to their section sensitivity, while little 
if any correction would be required for the straight 
nickel irons. 

Taking these factors into consideration, it may be 
seen that an excellent correlation between the com- 
puted and measured void volumes is indicated. Since 
combined chromium-molybdenum additions tend to 
produce additive shrinkage tendencies, the corrected 
values from the Ni-Cr-Mo series may be approximately 
compared with the sum of the computed void volumes 
for the 1.0 per cent Cr and 1.0 per cent Mo irons at 


VABLE 7—COMPARISON OF THEORETICAL Vorp VOL- 
UMES PRODUCED BY PHOSPHIDE EUTECTIC CONTRACTION 
WITH AVAILABLE INTERNAL SHRINKAGE DATA 





Theoretical 4-in. Cube Void Volumes Calculated From Phos- 
phide Contraction Formulas Derived in Table 6: 
%P Plain Iron 2.25 NilIron 1.00 CrIron 1.00 Mo Iron 


o 


0.04 0.00 cc 0.00 cc 0.06 cc ©-—S°—*O. 1 cc 
0.06 0.00 0.00 0.19 0.32 
0.08 0.00 0.00 0.32 0.53 
0.11 0.07 0.01 0.52 0.84 
0.13 0.12 0.01 0.65 1.06 
0.14 0.14 0.02 0.71 1.16 
0.18 0.23 0.03 0.97 1.58 
0.25 0.39 0.04 1.42 2.32 
0.28 0.46 0.05 1.62 2.64 
0.50 0.97 0.11 3.04 4.96 
0.75 1.55 0.17 4.66 7.60 
1.00 2.12 0.24 5.96 9.71 


4-In. Cube Void Volumes Obtained by Density Measurements 
in Present Investigation: 
Measured Corrected 


oP %YNi %Cr %Mo Void Volume Void Volume 
0.04 0.66 0.84 0.83 0.35 cc ~ 0.00 cc 
0.06 7 ‘fi = 1.15 0.80 

0.08 “ ‘: * 1.31 0.96 

0.11 pa 7 1.53 1.18 

0.14 ss “4 eo 1.72 1.37 

0.18 2 ’ = 2.29 1.84 

0.28 . a “6 2.13 1.78 

0.13 (piain) 0.30 

0.13 1.00 0.32 

0.13 2.15 0.13 

0.13 0.50 0.65 

0.13 1.00 1.57 

0.13 0.46 0.49 

0.13 1.00 1.51 


Void Volumes Reported by Timmons® From Density Measure- 
ments of 4-In. Cubes Containing 0.70 Mo, 0.30 Cr, 0.16 Ni, 
0.12 Cu: 





% P Void Volume 
0.015 — 0.35 cc 
0.036 0.43 
0.073 2.12 
0.104 2.62 
0.123 2.96 
0.74 12.75 
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the same phosphorus level. It is interesting to note 
that the rate of increase in void volume with increas 
ing phosphorus between 0.06 per cent to 0.18 per cent 
in this series is about 9.5 cc/% P, while the values 
given by the formulas are 10.56 cc/% P and 6.48 cc/% 
P for the 1.0 per cent Mo and 1.0 per cent Cr irons, 
respectively. 

The void volume reported by Timmons at the 0.74 
per cent P level also corresponds closely with the theo- 
retical data, while the more balanced irons studied by 
Rote® and in the present investigation showed a 
slightly reduced tendency for void formation as the 
phosphorus was increased above 0.20 per cent. It is 
highly probable that this varation is related to the 
decreased carbide stability of the phosphide eutectic 
observed by Bardenheuer and Kunkele*!.?? at higher 
base phosphorus contents. The phosphide eutectics 
in more balanced irons containing higher percentages 
of graphitizing nickel would be expected to exhibit 
this change from metastable carbide to stable graphite 
solidification at much lower phosphorus levels than 
the strongly carbide-stabilized eutectics in unbalanced 
irons. This graphitization of the phosphide eutectic 
would, of course, result in much smaller phosphide 
solidification contractions than those obtained in the 
contraction studies and included in the theoretical 
formulas. 

Conversely, it might be expected that molybdenum 
and chromium would have a greater tendency to carry 
excess carbide into the phosphide eutectic at very low 
phosphorus levels, thereby reducing its phosphorus 
content and increasing the quantity of eutectic con 
siderably. This would account for the excessive 
amount of steadite observed in the low phosphorus 
cubes and the relatively large void volumes at phos- 
phorus levels as low as 0.06 per cent in the Ni-Cr-Mo 
series. 

The theoretical void volumes are also quite con- 
sistent when computed for the phosphorus levels at 
which visible voids first appear in plain and alloy 
gray irons. Visible porosity appears in plain gray 
irons at 0.25 per cent P, corresponding to a computed 
void volume of 0.39 cc, while larger voids were ob- 
tained in the Ni-Cr-Mo iron at 0.06 per cent P, cor- 
responding to computed void volumes of 0.32 cc plus 
0.19 cc for the 1.0 per cent Mo and 1.0 per cent Cr 
irons. 

The indicated reduction in the shrinkage tenden- 
cies of plain gray irons at higher phosphorus levels by 
straight nickel additions is noteworthy. This phe- 
nomenon is produced by an increase in the liquid 
density of the phosphide, causing the normal solidifi- 
cation contraction of the plain eutectic to change to 
an expansion, as shown in Fig. 25. Incidentally, this 
expansion produced by nickel may explain the expan- 
sions observed by Turner® in his very high silicon pig 
irons, since silicon and nickel frequently behave quite 
similarly in gray irons. 

It is apparent from the preceding discussion that 
internal porosity formation can be related directly to 
the liquid and solidification contraction of the phos- 
phide eutectics in gray iron. In addition, many of 
the anomalies observed in internal shrinkage studies 
can be logically explained by this mechanism. Higher 
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pouring temperatures, which reduce thermal gradients 
in the cube, would be excepted to increase porosity 
by providing more time for the diffusion of alloys into 
the phosphide and by extending the phosphide net- 
work. Risers would increase the total mass of metal 
for a similar effect. 

Since the phosphide contractions occur after the 
completion of iron-carbon solidification and after the 
casting has assumed its final physical form, voids aris- 
ing from this source would not be closely related to 
external shrinkage; carbon and silicon content, inocu- 
lation, gating and risering, or any of the other vari- 
ables associated with iron-carbon eutectic solidifica- 
tion. The tendency for molybdenum to produce con- 
centrated voids may be explained by the very low 
freezing point of the molybdenum-phosphide eutectic, 
causing it to maintain its fluidity longer for more 
complete capillary action in the network. Conversely, 
the reduced tendencies of very low carbon irons for 
visible porosity formation may be related to the large 
quantities of interlocking austenite dendrites break- 
ing up the phosphide network and hindering segre- 
gation in light sections. 

In general, many of the inconsistencies exhibited 
by this type of shrinkage may be explained by the 
sensitivity of the phosphide eutectic solidification to 
carbide stabilizing influences. Thus, a slight increase 
in residual alloy content, which may be balanced from 
the standpoint of iron-carbon eutectic graphitization, 
might produce enough segregation of molybdenum 
and/or chromium to the phosphide to change its 
solidification from the graphite to the carbide form, 
with a drastic increase in its contraction. In such a 
case, internal porosity would tend to appear in every 
hot spot or center of mass and potentially cause leak- 
ers or failures in critical castings. 


Conclusions 


1. Visible internal porosity tends to appear in un- 
alloyed gray iron castings whenever the phosphorus 
content exceeds about 0.25 per cent. Higher phos- 
phorus increases the magnitude of the spongy regions, 
while reductions to 0.13 per cent P produce decreas- 
ing quantities of microporosity. Quantitative data 
indicates that this porosity is produced by the liquid 
and solidification contractions of the pseudo-binary 
phosphide-graphite eutectic which forms a liquid net- 
work in the iron when the base phosphorus exceeds 
approximately 0.08 per cent and solidifies at 1753 F. 

2. Molybdenum and chromium additions to gray 
iron sharply reduce the critical phosphorus content 
for visible porosity formation and subsequently in- 
crease the magnitude of voids at a given phosphorus 
level. Molybdenum tends to concentrate porosity in 
visible spongy regions, while chromium produces 
smaller visible voids and more widespread micro- 
porosity. Combined chromium-molybdenum additions 
may produce visible voids at phosphorus contents as 
low as 0.06 per cent. This may be explained by the 
rapid diffusion of these alloys to the liquid phosphide, 
approaching saturation contents of 8.3 per cent Mo 
and 2.15 per cent Cr in the eutectic. This segregation 
changes the solidification of the phosphide eutectic to 
the metastable carbide form with a marked increase in 
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its contraction, and sharply increases the quantity of 
phosphide in the network by reducing the eutectic 
phosphorus content from 7.0 per cent to 5.0 per cent 
and the solubility of phosphorus in austenite to 0.03 
per cent. In addition, both alloys tend to carry excess 
carbide into the eutectic, thereby increasing its vol- 
ume still further. 

3. Straight nickel additions reduce the porosity in 
plain gray irons to some extent, but balancing addi- 
tions to molybdenum and/or chromium irons have 
little or no effect on their shrinkage tendencies. Nickel 
exhibits no tendency for segregation, distributing 
about equally between the phosphide eutectic and 
the base iron. In the presence of 2.0 per cent Ni, the 
solidification contraction of the plain phosphide eutec- 
tic is changed into an expansion with a consequent 
reduction in its tendency for void formation. How- 
ever, in the presence of molybdenum or chromium, 
sufficient nickel is not present in the eutectic to bal- 
ance the large quantities of these segregated alloys, 
and it is ineffective for preventing the large contrac- 
tion produced by the carbide form of solidification. 

4. Internal porosity of this type persistently appears 
in the hot spots of a casting at given phosphorus and 
alloy levels despite wide variations in carbon and sili- 
con content or inoculation treatments. It can be re- 
moved by risering only when every center of mass is 
moved completely out of the casting by large risers. 

5. The change from the graphite to the carbide 
form of phosphide eutectic solidification occurs when 
the molybdenum and/or chromium content exceeds a 
definite level in the base iron. Carbide solidification 
first appeared in slowly cooled 4-in. cubes at about 
0.50 per cent Mo or Cr, and this change might be 
expected to occur at lower alloy levels in lighter com- 
mercial castings due to their rapid cooling rates. Thus, 
a slight increase in balanced alloy content which 
would be undetected in standard chill tests may cause 
internal porosity to suddenly appear in critical cast- 
ings. If porosity of this type is encountered, check for 
high phosphorus or alloys in charge materials, or a 
build-up of alloy residuals in return scrap. 
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DISCUSSION 


Chairman: F. T. McGuire, Deere & Co., Moline, Ill. 

Co-Chairman: W. A. HAmstey, Chas. A. Krause Milling Co., 
Birmingham, Mich. 

Recorder: C. T. Marek, Purdue University, Lafayette, Ind. 

F. G. Serine (Written Discussion):* The authors of this paper 
have presented excellent evidence of the mechanism of gas-free 
porosity in gray iron castings, which have been known for some 
time to be almost impossible to feed. 

Experience in the foundry has shown that the carbide-forming 
elements tend to emphasize voids and/or microporosity. With 
the evidence presented in the paper we can now understand the 
precise magnitude of these effects and that they are closely tied 
up with the phosphorus content. 

The authors’ work indicates that any influence toward a hot 
spot in the casting (bosses, etc.) cannot be fed in a practical 
manner and, therefore, porosity of the type discussed must be 
approached by some method other than by feeding. 

It has been the writer’s experience that when the porosity de- 
scribed in this paper exists, there is no evidence of discoloration 
toward dark brown, dark gray or black colors in the porous 
areas, The writer would like to emphasize, therefore, that when 
such discoloration occurs, the foundryman should be alerted for 
gases from either cores or molds having been trapped in the 
metal. These gases afford an opportunity for shrinkage and/or 
porosity which can be eliminated by preventing the gases from 
entering the metal during the pouring operation. It is to be 
emphasized that these discoloration effects are not to be mis- 
construed as having any relation whatever to the porosity or 
microshrinkage discussed in this paper. 

It has been known for some time that carbides and phosphides 
tend to unite in complex eutectics and the work of the authors 
corroborates these contentions. It is not surprising, therefore, 
that the present paper gives definite evidence that adding car- 
bide-forming alloys in the presence of phosphides markedly 
increases the tendency toward microporosity. ‘There seems to be 
no alternative but to maintain a proper composition of gray 
iron with regard to phosphorus and alloys to prevent microporos- 
ity beyond that which can be taken care of by proper practical 
feeding. 

There seems to be two alternatives, then, from the evidence of 
Fig. 25 of the paper: 

(1) That with appreciable phosphorus content (0.10-0.14 per 
cent) nickel should be added to counteract the contrac- 
tion, and 

(2) That if carbide-forming alloys are to be added, the phos- 
phorus should be reduced to the order of 0.04 per cent. 

Dr. C. R. Austin (Written Discussion):* We have been very 
much interested in this paper by Mr. Hamaker and his associates. 
It demonstrates an excellent balance between theory and prac- 
tice and substantiates many of the views which we have held 
for many years. 

In discussing the unsoundness in gray iron castings, the 
authors suggest that with the advent of high test irons a dis- 
tinctly different type of defect from ordinary shrinkage began to 
appear. We would suggest that dendritic shrinks are all basically 
simply dependent on liquid-solid contractions. Obviously, phos- 
phide-eutectic shrinks cannot be fed by risering since the 
liquid-solid change is always delayed to a time period or temper- 
ature level, well beyond the time or temperature defining “com- 
plete solidification” of the casting. Accordingly the significance 
of these delayed solidification regions are directly proportional to 
the amount of phosphorus in the iron and the authors have 
most effectively portrayed and demonstrated the relative effects 
of various alloy additions on the magnification of the internal 
shrinks. 

It must be recognized, however, that the high-test irons are 
more prone to internal porosity with or without appreciable 
amounts of phosphorus. All metals and alloys solidify via den- 
dritic crystal growth and the intertices can be adequately sup- 
plied with solidifying metal by a sort of self-feeding process, the 
success of which is dependent on assuring progressive solidifica- 
tion in the casting. 

In pure metals and alloys, such as soft gray irons, solidifying 
within a very narrow temperature range, this is a relatively 

1 The International Nickel Co., Inc., New York. 

2 Asst. to Pres., Meehanite Metal Corp., Larchmont, N. Y. 
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simple matter. The higher tensile irons, however, solidify over 
a fairly wide temperature range and assurance of what we have 
termed “self-feeding” of these potential dendritic shrinks is a 
much more difficult problem. 

In general, the authors have experimentally examined the 
effects of various elements or combination of alloying elements 
on the tendency or proneness of the irons to promote internal 
shrinks. They have correctlty considered the magnitude of these 
effects, a function of the affinity of the alloys to enter into com- 
bination with the iron-phosphide eutectic, thus increasing the 
volume of this low temperature solidification complex with con- 
comitant increase in shrink voids. We cannot avoid raising the 
speculation as to how these various alloys modify the viscosity or 
fluidity of the liquid complex at temperatures approximating 
solidification. Any element tending to increase fluidity would 
aid in promoting the necessary self-feeding of the dendritic 
structures. Elements promoting increased viscosity would evi- 
dently increase susceptibility to internal shrinks. 

The experimental analysis of this phenomenon presents many 
problems but such determination would appear to have a clearly 
defined place in the theoretical discussion of the subject matter. 

The facts developed in this paper have long been recognized 
in Meehanite practice where gating and risering technique has 
been scientifically developed to promote progressive solidifica- 
tion. Further, two factors in this process are highly advanta- 
geous in the production of castings free from internal shrinks. 
Meehanite castings are low phosphorus irons and their method 
of manufacture generally renders the addition of any alloying 
element to develop high tensile properties, quite unnecessary. 

The importance of avoiding alloy additions wherever practical 
has been well demonstrated by the authors, although they have 
emphasized the vital role of phosphorus when attempts are made 
to manufacture high tensile irons by doping up with alloy 
additions. 

The paper warrants the most careful study by all concerned 
with the founding of gray iron castings and the authors are to 
be highly commended on a paper of unusual merit. It is a 
happy combination of scholarly research directed to a most prac- 
tical and vital problem in the gray iron casting industry. 

A. D. Barczak (Written Discussion):* First, this paper cer- 
tainly constitutes an excellent job of research performed in a 
very thorough manner and has produced some astounding facts 
that have baffled foundrymen for many years. 

We have been able to confirm in practice many of the con- 
clusions drawn by the authors. 

We have not been able, however, to substantiate the statement 
that variations.in carbon or silicon of 0.25 per cent above o1 
below the base content had a negligible effect on the magnitude 
of shrinkage voids. 

The carbon equivalent of the base iron discussed in this 
paper is 4.00. It has been our experience that with a gray iron 
of 4.15 carbon equivalent when we were able to reduce the phos- 
phorus percentage below 0.12 per cent internal shrinkage poros- 
ity was eliminated on jobs whose design and varying section size 
had previously given trouble. If, however, we lowered our car- 
bon equivalent below 3.90 by reducing carbon and still main- 
taining a 0.10 to 0.12 phosphorus level we again experienced 
shrinkage voids, visible porosity and microporosity in these 
same castings. 

The results of the work as described in this paper presents a 
perplexing problem for the foundry operator. In the production 
of high test gray iron castings as well as pressure castings, it 
becomes very apparent that it becomes imperative that the raw 
materials used must be of very low phosphorus content. With 
automotive cast scrap containing 0.20 per cent phosphorus and 
malleable pig iron having 0.15 to 0.20 per cent phosphorus it 
becomes impossible to produce gray iron with a 3.25 per cent 
carbon, 2.25 per cent silicon and an 0.08 to 0.10 phosphorus 
level. 

How can the operator produce these desired irons without the 
necessary raw materials? How soon could the scrap and metal 
suppliers as well as pig iron producers present to the gray iron 
industry satisfactory and sufficient amounts of the desired raw 
materials at an economic level that would be supported by to- 
day’s buyers’ market? 

This paper opens up another phase of the foundry industry 
that has had many of us baffled for many years. It has been 
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established here as well as in Europe that there are certain in- 
herent characteristics in pig irons which produce castings with 
visible internal porosity, shrinkage voids and microporosity. It 
appears now that a great deal of this phenomenon can be 
explained by phosphorus content of the pig iron used when we 
consider its tremendous influence on gray irons at levels below 
0.10 points. Until recent times, automotive gray iron castings 
specifications of 0.18 to 0.20 appeared to be highly satisfactory. 
Today this is no longer true. 

Although this paper has given us a vast amount of informa- 
tion on internal porosity, there are still many questions to be 
answered. Several months ago we obtained some foreign pig iron 
in which the phosphorus content was 0.06 to 0.08 per cent. The 
rest of the chemistry of the pig iron was within good commer- 
cial range and yet after several days use of this pig iron, we 
encountered many shrinks and microporosity in the castings. 
Changing back to a domestic pig iron of similar chemistry, 
eliminated the trouble within two days. What was the cause? 
The phosphorus percentage was the same in both pig irons as 
well as the gray iron castings produced. 

J. E. Srawtey (Written Discussion):* The authors of this 
paper deserve to be congratulated on having carried out a most 
useful investigation in a very able manner. It is interesting to 
see that their figure of 0.25 per cent for the phosphorus content 
at which visible internal porosity first occurs in 4-in. cube cast- 
ings of plain gray iron agrees very well with the figure of 0.3 
per cent given by A. A. Timmins for 3-in. diam spheres.* The 
demonstration that this critical phosphorus content is drastically 
reduced by the presence of molybdenum and/or chromium is a 
valuable addition to our knowledge and may explain outbreaks 
of this type of porosity in low phosphorus irons which have 
hitherto been puzzling. 

The proposed mechanism for the formation of this type of 
porosity is a reasonable one and the very considerable effort that 
has been made to verify it indirectly is highly commendable. 
The difficulty of carrying out accurate quantitative work in this 
field of research needs to be experienced to be appreciated. Un- 
fortunately, there seems to be no possibility of demonstrating 
directly that porosity only forms after solidification of the iron- 
carbide eutectic is complete. It is pertinent to recall that A. A. 
Timmins found that porosity was always absent in his 3-in. diam 
spherical castings of 1 per cent phosphorus iron, when the metal 
had been treated to produce an iron with a very fine graphite 
structure (A.S.T.M, type D).* The treatment consisted of adding 
0.15 per cent titanium and passing carbon dioxide through the 
melt. This process is not of practical interest for the production 
of sound castings, but the effect must be explained by an ade- 
quate theory of porosity formation. The mere presence of 
titanium is not effective unless the fine graphite structure is 
obtained—with a coarse graphite structure a considerable amount 
of porosity of the type under discussion is present. The possi- 
bility that porosity did exist in a widely distributed form in the 
apparently sound sphere occurred to the present writer. This 
was dispelled by density measurements carried out on specimens 
of iron of exactly the same composition and matrix structure 
with different graphite structures. The fine graphite iron had a 
slightly but consistently higher bulk density than the coarse 
flake graphite iron. No visible porosity was present in either. 
[here is no doubt that the effect is connected with the mechan- 
ism of solidification of the irons, but it is not easy to see exactly 
how to reconcile it with the theory proposed except by introduc- 
ing the further hypothesis that graphitization expansion con- 
tinues right down to the phosphide eutectic temperature in the 
case of the fine graphite iron. Evidently there is room for further 
work on this point. 

Che difficulty, in practice, of attempting to remove this type 
of porosity by feeding methods is demonstrated in the paper 
under discussion. Confirmatory evidence of this is to be found 
im some unpublished work carried out by R. Jolly at the British 
Cast Iron Research Association a few years ago. The test piece 
used was a block 4 in. diam and 5 in. high, which is comparable 
with a 4-in. cube. The metal composition was approximately 
3.4 per cent C, 2 per cent Si, and 0.5 per cent P. Altogether 
seme 34 different methods of running and feeding were tried 


* A. A. Timmins, B.C.1.R.A. Research Report 260, Journal of Research 
ind Development, vol. 3, no. 7, August 1950, p. 458 and Fig. 4, p. 450. 

* British Cast Iron Research Association, Bordesley Hall, Alvechurch, Nr. 
Birmingham, England. 
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and in no case was it possible to eliminate the porosity. The 
position of the porosity varied with the size and position of the 
feeder so that it was always located near the heat center of the 
combined casting and feeder. 

W. T. SHEFFIELD (Written Discussion):* To those who have 
had 25 or more years experience in production of gray iron cast- 
ings it must seem somewhat astounding to read that this “new 
type of defect has come into recognition.” The internal poros- 
ity or shrinkage discussed in this very provocative paper has 
been a prolific source of foundry headaches for as long a time 
as the writer has had any responsibility for production of sound 
castings. Perhaps the novelty, to the authors at least, is disclosed 
in the sentence which states that this trouble “frequently occurs 
throughout a foundry in a number of castings which have been 
satisfactorily made for years and with no marked change in the 
routine analysis of the iron.” In other words, for such jobs 
internal shrinkage has been a recent development. 

Despite the carefully compiled bibliographic references notes 
as 1, 2, 3,4, and 5, none of which is dated earlier than 1933, the 
writer believes that those whose experience goes back to the 
early 1920’s or before will corroborate his statement that inter- 
nal shrinkage or porosity gave plenty of trouble in those early 
years. . The writer's experience as chemist, metallurgist and gen- 
eral Foundry Superintendent during that period covered ma- 
chine tool castings, heavy machinery castings (including gear 
blanks weighing up to 20 tons each) and automotive work. The 
noxious disease, if it may be called such, commonly known as 
internal shrinkage or porosity was disturbingly prevalent long 
before the development of modern high strength irons and also 
long before the general use of the alloys nickel, chromium and 
molybdenum. 

On May 21, 1934 the writer presented a discussion of this sub- 
ject before the Pittsburgh Foundrymen’s Association. This dis- 
cussion was a resumé of his experiences in overcoming such 
troubles and covered the period from 1920 to the date of the 
discussion. 

All ideas are or should be subject to changes with the season- 
ing of added experience. After reading the preprint of this 
paper, the writer dug up notes for that discussion of 18 years 
ago. He was rather surprised to discover that added experience 
had corroborated the views held at that time rather than altered 
them. 

The writer can give a hearty “amen” to some of the con- 
clusions drawn by the authors from their painstaking work. 
He feels also that a few of their conclusions should be modified 
somewhat. 

The conclusions in which the writer concurs with the authors 
are as follows: 

1. That the internal shrinkage phenomenon occurs after com- 
plete solidification of the Iron-Carbon Eutectic. 

2. As a corollary, it is utterly impracticable to remove inter- 
nal shrinkage troubles by use of risers. Risers are effective only 
up to the point of solidification. 

3. Additions of chromium and molybdenum, either singly or 
in combination, tend to increase any tendency toward develop- 
ment of internal shrinkage which the iron may have had origi- 
nally. 

4. Nickel additions have very little effect upon the tendency 
to develop internal shrinkage. If the iron intrinsically has such 
a tendency, addition of nickel alone, without other changes, 
cannot be relied upon to remove this tendency. Couversely, if 
the iron be free from such trouble same tendencies, ordinarily 
the addition of nickel will not cause such a tendency of develop. 
The writer has known of very special circumstances where addi- 
tions of nickel or copper over a certain amount has caused 
internal shrinkage to develop, but these have been very special 
instances. 

5. The tendency to develop internal shrinkage seems to be 
independent of final carbon and silicon contents over a wide 
range; irons containing less than 3.0 per cent total carbon seem 
to have much less tendency toward internal shrinkage than when 
the total carbon content is higher than 3.0 per cent. 

The writer feels, however, that the conclusion that “in un- 
alloyed gray iron castings visible internal porosity tends to 
appear whenever the phosphorus content exceeds 0.25 per cent” 
is not necessarily valid for all types of unalloyed gray irons. 


5 Foundry Supt., Hershey Machine & Foundry Co., Manheim, Pa. 
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There have been too many instances in actual experience where 
such has not been the case. 
As examples: 

1. In two different shops we were able to eliminate internal 
shrinkage trouble without giving any thought at all to the 
phosphorus content. In both shops the phosphorus content ran 
from 0.300 per cent to 0.450 per cent. 

2. In a third shop, an automotive shop, particular attention 
was given to the phosphorus content, keeping such content be- 
low 0.18 per cent. Yet we had spasmodic occurrence of this 
trouble. We would run for weeks with no trouble and then— 
out of a clear sky apparently—this trouble would appear all 
over the shop. 

3. We are currently .producing castings 30 in. in diameter, 
with a heavy section, 6% in. x 3144 in. running around the 
perimeter, casting weight approximately 300 Ib without visible 
internal shrinkage. The iron contains 0.80 per cent chromium, 
0.60 per cent molybdenum, 3.10-3.15 per cent total carbon. The 
phosphorus content is 0.16-0.17 per cent, a content appreciably 
higher than that at which the authors expect internal shrinkage 
should develop with that much chromium and molybdenum 
present. 

The writer realizes fully that he is flying directly in the 
face of much scientific research that has claimed to establish 
beyond a peradventure or a doubt the role that phosphorus plays 
in causing internal shrinkage. He does not question the pains- 
taking accuracy of such work. But he does feel that the validity 
of the deductions can be questioned when it is assumed that 
their particular findings must perforce apply to all gray irons 
whether of the same nature or not. There is much more to 
evaluating the nature of gray iron than to merely state its 
resultant chemical analysis. 

To reduce the argument to a syllogistic form by which the 
fallacy is most readily seen, the general type of reasoning could 
be stated thus: 

Ist premise—Cats have fur 
2nd premise—Cats are animals 
rherefore, all animals have fur 

In this particular instance, the premises and conclusions could 
be stated thus: 


Ist premise—Alloyed automotive irons and a named metal 
showed internal shrinkage when the phosphorus content ex- 
ceeded certain levels. 

2nd premise (Implied)—Alloyed automotive irons are gray 
irons. Therefore, all unalloyed gray irons and gray irons con- 
taining alloys as specified, tend to show internal shrinkage when 
the phosphorus content exceeds certain well-defined levels. 


In all seriousness, the writer feels that the real fundamental 
causes of internal shrinkage have not been established as yet. 
Some of us think we know something about controlling it, but 
an over-all adequate theory to account for its development and 
control has not been established as yet. 

Theories must be deduced from facts. If factual experience 
eccur which the theories do not explain, the theory cannot be 
considered as universally applicable. The theory must be broad- 
ened until it covers all known facts of experience. 

To be logically valid, the true explanation of internal shrink- 
age should cover all known discrepancies, such as 

1. Why internal shrinkage does not occur in some irons with 
a phosphorus content as high as 0.50 per cent. 

2. Why internal shrinkage occurs very often in irons contain- 
ing as little as 0.14 per cent phosphorus. 

3. Why castings that have been free from this trouble for 
years with no attention to phosphorus content (even though 
higher than currently considered advisable) suddenly show this 
trouble with no change in the resultant analysis. 

A true explanation should provide for an explanation of the 
data presented in this paper as well as accounting for the appar- 
ent inconsistencies listed above. 

In the writer’s opinion it is unfortunate that the authors 
have mentioned a metal that has been commercialized uncer a 
trade name. 

He wishes to make it crystal clear that he is not criticizing 
the quality of such metals. On the contrary, he believes these 
metals to be of dependably high quality; but when the implica- 
tion is made that such metals are anything other than gray iron, 
it becomes a distortion of fact. 
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Name them what you will, these so-called processed irons are 
good gray iron and nothing else. There are many foundries in 
this country that are producing gray irons of equal merit. 

Messrs, HAMAKER, Woop AND Rote (Authors’ Written Reply 
and Closure): The authors wish to express their appreciation to 
Messrs. Sefing, Austin, Barczak, Srawley, and Sheffield for their 
very interesting and stimulating discussions. 

Several of the comments have indicated that a few points 
might have been more clearly emphasized in the paper. First, 
it was not intended to imply that phosphide eutectic contraction 
is the only source of internal shrinkage or porosity in gray iron 
castings. In addition to the discolored gas porosity from molds 
or cores pointed out by Mr. Sefing, several other sources of den- 
dritic internal voids should be recognized. 

Perhaps the most common, and frequently misinterpreted, is 
ordinary shrinkage due to iron-carbon eutectic contraction. In- 
ternal voids from this source have exactly the same appearance 
as those from phosphide eutectic contraction and the difficulties 
encountered in attempting to control them have frequently 
caused phosphide shrinkage to be blamed for their inconsistency 
and persistence. Many castings are of such design or are risered 
in such a manner that they represent borderline cases from the 
standpoint of directional solidification. In such cases, a very 
slight change in pouring temperature, carbon equivalent, graph- 
itic carbon content, or depth of chill may alter the temperature 
gradients, the interference of dendrites to the flow of feed metal, 
or the solidification contraction sufficiently to produce an iron- 
carbon shrink where none had appeared previously. A particu- 
larly puzzling example of this shrinkage occurs when a pocket 
of sand or a core retains the heat to such an extent that it re- 
tards solidification in a section which is seemingly well fed from 
adjacent heavier sections. Such defects frequently disappear and 
reappear with small variations in pouring temperature. 

Another source of internal voids which should be recognized 
appears to arise from “oxidation” or “gasification” in the cupola. 
Although the voids may have a distinctly dendritic appearance, 
they tend to be scattered randomly throughout the casting 
rather than concentrated in localized hot spots like iron-carbon 
or phosphide shrinkage. A few ladles of “oxidized” iron can, of 
course, produce defective castings throughout a foundry similar 
to phosphide shrinkage. The positive identification and control 
of this “oxidation” in the cupola would certainly be a worthy 
subject for investigation. 

A second point the authors would like to emphasize is the 
metastability of the phosphide eutectic. A content of 2 per cent 
(or more) carbon and approximately 1 per cent silicon makes it 
behave quite similarly to cast iron with regard to the forms it 
may assume on solidification. The carbon in the phosphide 
eutectic may solidify entirely as carbide with a high contraction 
similar to white iron, it may partially graphitize with a moder- 
ate contraction similar to pearlitic gray iron, or it may graphi- 
tize completely with little or no net contraction similar to a 
ferritic gray iron. Like cast iron, the form of phosphide solidifi- 
cation depends on section size or cooling rate, inoculation treat- 
ments or the graphitizing tendency of the surrounding iron, and 
the percentage of carbide stabilizing alloys it contains. Thus, a 
sound casting may be obtained at phosphorus and alloy levels 
above those suggested in the paper if its cooling rate is suffi- 
ciently retarded and the graphitizing tendency of the surround- 
ing iron is great enough to prevent the phosphide eutectic from 
solidifying in the carbide form. Similarly, high phosphorus plain 
irons which fall into the ferritic class may produce a completely 
graphitized phosphide eutectic with much smaller contractions 
than those obtained in the paper for the plain phosphide eutec- 
tic containing 0.65 per cent combined carbon as pearlite. 

Another point to be kept in mind is that the total volume of 
voids resulting from a given phosphide contraction is propor- 
tional to the mass of iron in the hot spot of the casting. In 
other words, if a hot spot has only one-half the mass of a 4-in. 
cube, its void volume would be about one-half that computed 
for a 4-in. cube of the given composition. 

It is hoped that the few examples given above will help to 
explain how porosity similar in appearance and behavior to 
phosphide shrinkage may arise from other sources, and con- 
versely, how an iron having phosphide shrinkage tendencies may 
produce a sound casting under certain conditions. However, it is 
the authors’ contention that phosphorus and alloys must be held 
below the levels set forth in the paper to consistently produce 





INTERNAL PorROSITY IN GRAY IRON CASTINGS 


sound engineering castings from pearlitic gray irons. Complex 
modern castings frequently have potential hot spots with cooling 
rates equivalent to or greater than the 4-in. cube test specimen 
from which the conclusions were obtained. 

Dr. Austin presents an interesting point in his speculation as 
to the possible effect of phosphide eutectic fluidity on internal 
shrinkage. Although increased fluidity promotes soundness at 
the iron-carbon eutectic temperature, there is some question in 
the authors’ minds as to its influence at the phosphide eutectic 
temperature. If we assume that the phosphide network in a hot 
spot has been completely cut off from a riser or other parts of 
the casting by phosphide solidification at its extremities, the 
fluidity of the remaining liquid would have no effect on the 
total volume of the resulting voids. The chromium phosphide, 
having a relatively high freezing point and probably low fluid- 
ity, does not travel through the network to any extent and pro- 
duces scattered microporosity. The molybdenum phosphide, 
having a low freezing point and probably high fluidity, moves 
readily through the network to produce concentrated voids at 
the point of final solidification. It appears that high fluidity 
in the phosphide could improve soundness only if the network 
through the riser neck could be kept liquid until most of the 
phosphide eutectic in the casting had solidified. This would 
~robably require very large risers similar to those found neces- 
sary to move the hot spot out of the casting. 

It is hoped that the opening remarks of this closure will 
clarify Mr. Barczak’s point concerning a relationship between 
internal shrinkage and carbon equivalent. Both iron-carbon and 
phosphide shrinkage may frequently occur in the same casting 
and have identical appearance, but arise from different sources. 
It appears that the problem of low phosphorus raw materials 
can best be met by segregation of the plain and alloy iron cast- 
ings in a foundry. Plain gray irons, which can safely contain up 
to 0.25 per cent phosphorus, may be developed to meet most of 
the strength specifications, and the premium castings requiring 
alloy additions for special properties may be poured from low 
phosphorus cupola charges, consisting of Bessemer pig iron, 
steel, and selected scrap. It is imperative, however, that the 
alloyed return scrap be kept segregated from the higher phos- 
phorus plain iron charges. With regard to the shrinkage result- 
ing from a lot of foreign pig iron, there is always the possibility 
of small percentages of tramp elements whose effect on gray iron 
are not known. Increased use of spectrographic analysis may 
eventually identify these elements and prevent their introduc- 
tion into the foundry. 

The corroborative British data reported by Mr. Srawley is a 
valuable addition to the paper. Concerning the absence of 
visible porosity in 3-in. spheres containing 1 per cent phos- 
phorus, the authors wish to submit the following explanation 
consistent with the proposed theory. 

At 1 per cent phosphorus, the iron-carbon eutectic tempera- 
ture is reduced 65 to 70 F (Ref. 12 in the paper) below the 
average value of 2050 F used in the calculations for the 0.04-0.30 
per cent phosphorus range under investigation. It should be 
fairly safe to assume that the maximum graphite expansion from 
saturated austenite and the internal pressure conditions which 
form exuded beads are similarly moved to lower temperatures. 
Thus, the temperature at which liquid phosphide contraction 
begins to produce voids might be reduced from the 1900 F value 
used in the calculations to about 1835 F. 

Type D graphite is usually associated with a ferritic matrix 
and is indicative of a strong graphitizing tendency. This ten- 
dency could persist into the phosphide eutectic solidification, as 
evidenced by the influence of strong inoculation on the struc- 
ture of the chromium-phosphide beads. In addition, higher 
phosphorus iron shows a definite tendency for increased graphi- 
tization of the phosphide eutectic (Refs. 21 and 22 in the paper). 
Thus, there is a strong possibility that the phosphide eutectic 
graphitized completely rather than retaining 0.65 per cent 
pearlitic combined carbon as in the pearlitic low phosphorus 
irons studied. Using Ash and Saeger’s formula, this would re- 
duce the solidification contraction of the plain phosphide eutec- 
tic from 0.87 per cent to only 0.23 per cent by volume and give 
a value of 0.1468 cc/g for the specific volume of the solid phos- 
phide at solidification. 

Assuming an 1835 F starting temperature and complete graph- 
itization of the phosphide, the total liquid and solidification 
contraction of the plain eutectic would then be (0.1482 — 0.1468) 
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— 0.0014 cc per gram of eutectic. The entire 3-in. sphere weighs 
about 1650 grams and a rapidly solidified 14-in, layer on the side 
and bottom surfaces would leave a mass of about 1400 grams 
contributing to voids through a phosphide network. Computing 
as before, the void volume in the 3-in. sphere would be 
1400 x 0.0014 x (1.00 — 0.08) 

— — 0.26 cc. This void volume is 





0.07 x 100 
below the computed value of about 0.39 cc at which visible voids 
first appeared in the 4-in. cube. 

The greater density observed with Type D graphite than with 
flake graphite may be explained by the marked undercooling of 
the iron-carbon eutectic necessary for the formation of pseudo- 
eutectic graphite structure. This undercooling, ranging from 50 
to 75 F,* might reduce the starting temperature for void forma- 
tion from liquid phosphide contraction to 1785 F in a | per cent 
P iron, with a subsequent reduction in computed void volume 
to 0.07 cc. 

The preceding remarks should help to clarify Mr. Sheffield’s 
questions regarding exceptions to the phosphorus and alloy lim- 
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its for avoiding internal shrinkage. In suggesting these limits, 
the authors should have stated that they had in mind modern 
engineering castings in high pressure and stress applications 
which are being designed for medium to high strength pearlitic 
irons and require nearly perfect density and soundness for satis- 
factory service. The straight-forward mechanism by which a 
given volume of voids (either visible or micro) and the confirma- 
tory results obtained in numerous industrial studies provides a 
logical justification for expecting internal shrinkage tendencies 
in any pearlitic gray iron at the levels indicated. There are un- 
doubtedly many high phosphorus castings in service today in 
which the graphitizing tendency of a low strength iron was suffi- 
cient to graphitize the phosphide eutectic completely and pre- 
vent void formation as described above, or in which the voids 
were not detected simply because they did not occur at a critical 
point in the casting. 

* Schneidewind, R., and D’Amico, C. D., “The Influence of Undercooling 
on the Graphite Pattern of Gray Cast Iron,’”’ Transactions, A.F.A., vol. 47, 
pp. 831-853 (1939). 

Schneidewind, R., and D’Amico, C. D., ‘“‘The Solidification and Graphitiza- 
tion of Gray Iron,” Transactions, A.F.A., vol. 48, pp. 775-803 (1940). 








MELT DEPARTMENT INCENTIVE PLAN 


By 


Erwin G. Tetzlaff* 


While it has been long conceded that the best in- 
centive plans are individual plans based on standard 
data resulting from adequate and valid time studies, 
it is often found that there are many foundry opera- 
tions in which the time study approach is difficult or 
unfeasible. The melt department is typical of that 
type of situation. 

At the plant with which the author is associated, 
where the policy to to get every employee possible 
under some sort of a workable incentive plan, a statis- 
tical approach is often used where the time study 
approach is impractical. Using the statistical ap- 
proach, past performance is measured and incentive 
plans which offer premium pay for improved per- 
formances are then established. The plans are so es- 
tablished that the company benefits as well as the 
employees. Such tailor-made plans have been used in 
the plant for many years with very happy results. 

The melt department incentive plan was set up 
using the statistical approach. However, it should be 
pointed out that while the standard values may not 
be applicable to other foundries, it is believed that 
the pattern of the plan can be tailored to suit most 
foundries. 


The Melt Department 


To understand the plan it is important to have 
some knowledge of the department. The 114 ton top 
charge acid electric furnace is always charged with 
8000 Ib of steel scrap plus, of course, the necessary 
furnace additions. Because of this the melt cycle 
times are and should be fairly constant. 

The furnace is operated around the clock with 
three 8-hr shifts. Each shift has one melter and one 
helper. The foundry demands are such that the melt 
department must operate at top efficiency at all times. 
As proof of this it can be pointed out that with a 5- 
day-week operation well over 600 tons of good cast- 
ing per month are produced in the shop, which is 
strictly a jobbing foundry. 

While quite a variety of steels are produced, no 
high-alloy castings are made. The chemical labora- 
tory makes a chemical analysis of each heat, and also 


* Foundry Engineer, The Pelton Steel Casting Co., Milwaukee. 


runs preliminary carbon analyses as requested by the 
melters. 


Three-Part Plan 

With this picture of the department and opera- 
tions in mind, it can now be explained that the plan 
consists of three parts: 

1. Quality Portion in which each melter-helpe 
team is on a separate basis. This part carries the most 
weight and offers the greatest opportunity for high 
incentive earnings. 

2. Quantity Portion, or the man hour per heat por- 
tion, in which all melters and helpers share as a 
group. 

3. Power Savings Portion in which all melters and 
helpers share as a group. 

The incentive pay is calculated and paid weekly. 
The three parts are added up to give the total per- 
centage of bonus for each melter and helper, as will 
be illustrated later in the paper. 
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Fig. 1—Melters’ quality control chart —.20-.30 carbon 
steel. 
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TABLE 1—SAMPLE PoINT VALUE CHARTS—MELTER’S 
QUALITY Bonus 














No Penalty 

Bonus Points No Bonus Penalty Points 

Type toa ~ ‘Point 
Steel Component Range Pts. Ranges Range Pts. 
20-30C Carbon 20-30 +4 — Over .30 —3 
Under .20 —3 
Common _ Silicon 35-45 +1 .46-55 Under .25 —9 
.25-.29 —§ 
.30-.34 —3 


Over 55 —3 





Manganese .65-.75 +3 .60-.64 Under 50 —9 








76-85  .50-.54 onl 

55-.59 —3 

Over 85 —32 

Mo-Mn Carbon 30-40 +5 — Under .28 —5 
.28-.29 —3 

41-.42 —$ 

Over 42 —5 

Silicon 35-45 +1 46-55 Under .25 —9 

.25-.29 —6 

.30-.34 —S$ 


Over 55 —3 


Manganese 1.15-1.35 +3 1.05-1.14 Under1.05 —3 
1.36-1.45 Over 1.45 —3 








Quality Portion—Development 

For several years prior to the plan statistical quality 
control charts were employed in the melt department. 
On these charts are plotted the analysis results ivr 
each chemical determination for each heat (Fig. 1). 
Thus at a glance one can quickly tell whether or not 
the analysis fell within the specified range and the 
deviation, if any. 

The seriousness of “off analysis” heats is well known 
to every foundryman. While often slight deviations 
of certain components do not make the castings un- 
salable, on the other hand entire heats must often be 
scrapped for failure to produce the required chemical 
and physical specifications. This is somethimes due 
to the refusal of the customer to accept the castings, 
and sometimes the castings show defects such as ex- 
treme porosity which makes them unsalable. 

“Off analysis” heats can seriously affect that very 
important customer’s good will. Nothing will irri- 
tate a casting purchaser more than to run into a 
batch of castings which are hard to machine. Vroper 
heat treatment is- often difficult and sometimes im- 
possible if the melt heat does not meet the required 
chemical specifications. 

With this picture in mind, the foundry is now 
ready to set up point value charts for each chemical 
and for each type of steel produced. Typical charts 
as used at the author’s foundry are illustrated in 
Table 1. 

The assignment of point values and penalties 
should not be handled lightly. Rather, it should be 
based on a careful evaluation of the importance of 
each metal component and the importance of each 
deviation from the required specification. This evalu- 
ation should not be done by one person. It should 
instead be done by a group of qualified people such 
as the plant metallurgist, melt superintendent, inspec- 
tion department head, works manager, sales manager, 
etc. It should be kept as simple as possible for ease 
of calculation. 
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Quality Portion—Mechanics 


Quality bonus calculations are now simple. After 
the final chemical analysis of each heat has been run, 
bonus points or penalty points can be assigned ac- 
cording to the tables as set up. The results of each 
heat can then be tabulated for each melter-helper 
team as illustrated in Table 2. At the end of a week, 
totals can be found for the points earned and of the 
possible points that could have been earned. 

With these figures the per cent of efficiency can then 
be found, using the formula: 


Points Earned 
% Efficiency = — - 
Total Possible Points 





At this plant, after finding the per cent efficiency 
the bonus caluculations are completed by using the 
formula: 

% Quality Bonus = 0.8 (% efficiency—34%) 
This formula is taken from the curve in Fig. 2, which 
was developed in the following manner: 

For a 6-month period prior to the plan, normal 
efficiency was found to be 65 per cent. It was also 
decided after a plant-wide study of the wage structure 
and incentive programs that a maintenance of past 
normal efficiency should pay a bonus of 25 per cent 
with about a 50 per cent top bonus for 100 per cent 
efficiency. The curve was established although the 
top was increased to 53 per cent in order to avoid 
carrying the variance into too many decimal places. 
The development of the curve, in the author’s opin- 
ion, must be made to suit the situation of each 
foundry that may wish to adopt this sort of a plan. 


Quantity Portion—Development 


The quantity or man-hour per heat portion of the 
melt department incentive plan is made possible by 
the fact, as previously stated, that each heat melted 
is of the same size, and the melt times are or should 


TABLE 2—MELTER’s QuALITY Bonus CALCULATIONS 





For Weck Ending—11-10-51 





v6 vireo eavn ee 

Total 

Pos- 
Specifi- Heat Carbon Manganese Silicon Points sible 
cations No. Anal. Pts. Anal. Pts. Anal. Pts. Earned Points 
27-37 C 42044 32 44 «74 «43 «£46 0 7 8 
27-37 C 42045 35 +4 68 43 45 41 8 8 
40-50 C 2046 47 +6 68 43 .50 0 9 10 
10-20 C 2047 .16 43 .76 So: a ae —=§ 7 
Mo-Mn 2048 33 +5 1.16 43 38 41 9 9 
20-30 C 2059 26 44 69 43 42 41 8 8 
20-30 C 2060 22 +44 75 43 46 0 7 8 
Mo-Mn 2061 .38 45 1.37 0 37 +1 6 8 
27-37 C 2062 36 44 72 48 35 41 8 8 
10-20 C 2063.21 0 «64 0 38 +1 l 7 
20-30C 2074 31 —3 70 43 44 41 4 7 
40-50 C 2075 42 +6 .71 43 45 41 10 10 
20-30C 2114 21 44 63 O 37 41 5 7 
27-37 C = 2115 «31 444 «2.73 48 43 41 K & 
TOTALS 165 220 
Points Earned — 165 





- . = 75% Efficiency 
Possible Points — 220 


0.8 (75% Eff. — 34%) — 32.8% Bonus 
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be almost identical. The importance of this portion 
should be obvious. In normal times it tends to con- 
trol the working hours. In times like the present it 
helps to bring about a maximum of production in 
each 24-hr work day to supply a highly geared 
foundry. 

In order to get a maximum of production for each 
day, the melt crews exercise every precaution to pre- 
vent delays and breakdowns. Very little time is con- 
sumed between the tapping of one heat and the charg- 
ing of the next. Excellent teamwork prevails so that 
there is very little furnace heat loss. 

All preventive maintenance measures are religious- 
ly observed, and when breakdowns or furnace dam- 
ages occur, remedial measures are quickly taken. 
Necessary patching materials and spare parts are al- 
ways kept in readiness. 

The development of the man-hour per heat por- 
tion was again made by the statistical method. Again 
an average was taken for a 6-month period prior to 
the bonus plan and was found to be 3.66 man-hours 
per heat. This figure thus became the productivity 
standard. For any given week the “allowed hours” 
equal the number of heats melted during the week 
times 3.66. 


Quantity Portion—.Mechanics of Calculation 


In all group bonus plans based on man-hours or 
time saved, the company has long employed what is 
commonly known as a 75-25 split, i.e., the employees 
are paid a per cent bonus found by dividing 75 per 
cent of the saved hours by the standard or allowed 
hours. The formula is as follows: 


75% (Allowed Hours — Actual Hours) 
= % Bonus 





Allowed Hours 


Using the figures for a typical week during which 80 
heats were melted with a total of 250 man-hours, the 
calculations are as follows: 


0.75 (80 Heats « 3.66 — 250) 
——=11.0% Quantity Bonus 
80 Heats 3.66 





Power Savings Portion—Development 


A study of the per heat power consumption during 
the bonus base period showed a considerable variance 
in the amounts of power required. It was soon learned 
that alert operation could result in power savings. 
Consequently, it was decided to set up a power sav- 
ings portion in the bonus plan in which the melters 
with their helpers and the company shared the sav- 
ings on an approximate 50-50 basis. 

To find the per cent of bonus to be paid for each 
kilowatt per heat saved the following formula, allow- 
ing a 50-50 split, was used: 


Cost per kilowatt saved 





2 
Ave. base pay per heat times X. 


Calculations revealed that each kilowatt per heat 
saved should pay 0.075 per cent. The average power 
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consumption was 2130 kilowatts per heat, and the 
formula becomes: 


(2130 Kw’s—Actual Ave. Kw’s/heat) 0.075% = 
% bonus on power savings portion. 


Again using typical weekly figures in which 164,000 
kilowatts were consumed to make 80 heats for an 
average of 2050 kilowatts per heat, the bonus calcula- 
tions are as follows: 


(2130—2050) 0.075% = 6% Bonus 


Calculating Total Bonus 


After making bonus calculations for each portion 
of the three-part plan as illustrated, the problem of 
getting a total earned bonus for each melter and each 
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Fig. 2—Melters’ quality bonus plan—per cent bonus to 
per cent efficiency relationship. 


melter helper is simply a matter of addition. This 
can be illustrated by the bonus earnings for a typical 
week as shown below: 


Bonus Earned, % 








Name Shift Quality Quantity Power Total 
Melter A Ist $2.1 11.0 6.0 49.1 
Helper A Ist $2.1 11.0 6.0 49.1 
Melter B 2nd 28.6 11.0 6.0 45.6 
Helper B 2nd 28.6 11.0 6.0 45.6 
Melter C 3rd 29.2 11.0 6.0 46.2 
Helper C 3rd 29.2 11.0 6.0 46.2 





The bonuses are calculated and paid weekly, and 
are included on the regular pay check. While the per 
cent of bonus may be the same for a melter and his 
helper, there is still a bonus pay differential in that 
their base rates differ. 


Summary 

In conclusion, it is again pointed out that the 
statistical approach was used in setting up this three- 
part melters’ bonus plan because a time-study ap- 
proach was unfeasable. 

The plan is tailor-made for this foundry. How- 
ever, it is believed that the pattern can be used by 
other foundries with variations based on the statis- 
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tical findings. Perhaps other factors can and should 
be added. 

The plan has worked well in this plant. Since its 
installation there have been few serious “off analysis” 
heats. Even slight specification deviations occur less 
frequently. 

The melters and helpers are now more alert—al- 
ways seeking better controls and always confering 
with the melt superintendent on ways to improve per- 
formance. While there is a spirit of competition, 
there is also effective cooperation. 

It all adds up to more earnings for the participants 
and better castings as well as savings for the company. 


Acknowledgment 
The author wishes to acknowledge the great help 
rendered by Walter E. Brandt, metallurgist of the 
Pelton Steel Casting Co. 


DISCUSSION 

Chairman: J. E. Hytanp, John Deere Spreader Works, E. 
Moline, Ill. 

Co-Chairman: C. J. Pruett, McWane Cast Iron Pipe Co., 
Birmingham, Ala. 

Recorder: C. J. PRUETT. 

A. K. Fenn (Written Discussion):* I quite agree with Mr. 
Tetzlaff’s concession that the best Incentive Plans are of an 
individual basis resulting from standard data established by ade- 
quate and valid Time Studies. I will further agree that there 
are many Foundry operations which are difficult, but not impos- 
sible, to place on an individual plan. A company policy of plac- 
ing every employee possible on incentive is indeed commendable, 
and it is our policy in this plant, where we are doing our ut- 
most to have every productive employee on incentive work 100 
per cent of the time. 

Mr. Tetzlaff and his aides have apparently put a great deal of 
time and thought into the development of this incentive plan 
and in breaking it up into a three-part plan, it shows a very 
well balanced set-up. 

Quality Portion—It is pointed out by Mr. Tetzlaff that past 
performance averages for both the quality and quantity portions 
were accepted as the allowed standards and in the case of the 
quality portion, the meeting of this standard would pay a 25 
per cent bonus. I fail to see the reasoning behind the choosing 
of these averages as standards. It is a commonly accepted fact 
that day work, and it would appear from Mr. Tetzlaff’s paper 
that his Melt men were on day work previous to the installation 
of this incentive plan, runs approximately 60 to 65 per cent 
efficiency. This ties in with Mr. Tetzlaff’s statement that for 
the 6-month period prior to the installation of the plan, normal 
efficiency was found to be 65 per cent. Why then should any 
company be willing to pay a 25 per cent bonus for only a 65 
per cent efficiency? Would it not be more reasonable to choose 
a higher efficiency point as your starting point at which to pay 
bonus, thus creating an incentive to your Melt men to raise the 
quality of their product? At the present time you are in effect 
paying a 25 per cent dividend to your operators in order to 
achieve a 65 per cent quality product. It is undoubtedly the 
policy of the company to try and achieve a product that is 
always 100 per cent in quality. This may seem improbable but 
it is not necessarily impossible. It should be the desire of your 
Melt men to try and achieve this target at all times and not to 
expect a 25 per cent bonus for achieving only 65 per cent effi- 
ciency. If your basic wage structure is sound and in line with 
comparative industries, then I see no reason whY it is necessary 
to pay such a high bonus. 

Quantity Portion—Under the “Mechanics of Calculations for 
the Quantity Portion Bonus” you state that it is the company 
policy to use a 75-25 split. I presume from your statement that 
you mean on any time saved by the employees in the operation 
of their duties then the company is only willing to pay them a 
75 per cent portion of the savings and that the company takes 
the other 25 per cent as their share. This is something with 


1 Timestudy Sup., Crouse-Hinds Co. of Canada Ltd., Toronto, 
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which I cannot agree. Any employee, who through increased 
efficiency, can realize a saving for the company should be 
entitled to that saving in whole and the company should be 
satisfied with the* saving they realize through a possible reduc- 
tion in man hours and an assured reduction of melting costs. 
A worker, whether justified in his thinking or not does not like 
to share the direct result of his greater output. 

Power Savings Portion—The power saving portion of the plan 
is certainly a very fine development but I still cannot agree with 
the idea of splitting the savings between the worker and the 
company, although in this portion of the plan there certainly 
are arguments in favor of such a system. 

Summary—In conclusion I will again say that I believe this 
to be a very fine and well thought out incentive plan but as Mr. 
Tetzlaff points out the standard values must be patterned in 
order to suit the individual foundry. It has not been my inten- 
tion to criticize unjustly the mechanics of this incentive plan 
but rather to offer some constructive criticism which will bring 
to light debatable points that may be thoroughly discussed and 
answered at this meeting. Undoubtedly Mr. Tetzlaff and his 
associates have very strong arguments in favor of the standards 
that they chose and the bonuses that their company is willing 
to pay, and it will be interesting and informative to hear these 
arguments presented, Every company has its own wage structure 
and policies and with them they must be prepared to meet com- 
petitive prices in comparative industries. Should they be able 
to do so, and show a good percentage of profit at the year end, 
then the company is on a sound footing and will enjoy a long 
term of prosperity, but only if a proper ratio is maintained be- 
tween base rates and earned bonuses. Never should loose stand- 
ards and high bonuses be used as an excuse for low base rates 
or vice versa. Sooner or later the incentive system will run away 
with itself and create a major labor problem. Workers will 
compare base rates only with other industry and if they are 
low will soon begin to agitate for increases and still insist on 
enjoying their easily earned bonuses. When that happens the 
company will soon find itself unable to meet competitive prices 
and unable to profitably continue operations. 

Member: This Tentative Induction Furnace Incentive System 
includes the operation, and maintenance of refractory linings, 
of four Ajax induction furnaces and the making up of charges 
for these furnaces. 

The crew consists of: 


One Furnace Operator 
One Furnace Ist Helper 
Two Furnace 2nd Helpers 


The duties and responsibilities of the members of this crew 
are here briefly discussed to impress the fact that the efficiency 
with which each crew member performs his duties does affect 
the earnings of the entire crew. 

The furnaces should be operated in close coordination in an 
effort to have one furnace ready to tap at a time thus reducing 
“hold-back” to a minimum. 

Relining and tightening of furnaces is done by members of 
the crew when other duties do not require their full attention. 
Yet, it is recognized that there are times when this work must 
be done on non-productive time. In such cases one or more 
members are directed to come in earlier than the regular start- 
ing time. Pay for such work performed outside of productive 
time is computed individually at their non-incentive pay rate. 

The 2nd Helpers work in the “weigh-up” and furnace areas 
as necessary to properly perform duties required of them in 
those areas. 

In making up charges, care is exercised to place the part of 
the charge to go into the furnace first, on top. Where much of 
the charge is made up of scrap, the small, compact pieces, i.e., 
those which reduce the air space to a minimum, are placed on 
top in the charge tub. 


INDUCTION FURNACE MELT STANDARD 


Ajax Furnaces No. 1 ( 800-Ib capacity) and 


No. 2 (1200-lb capacity) 333 KVA 
Man Minutes 
per 100 Ib 
All alloys other than DS-D12 16.5 
DS-D12 only 19.4 


. 
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Ajax Furnaces No. 3 (1200-Ib capacity) and 


No. 4 (2500-lb capacity) 666 KVA 
All alloys other than DS-D12 11.4 
DS-D12 only 13.5 
Examples: 
800-Ib heat of “D20,” furnace No. - — 132.0 standard 


minutes or time of 66 minutes from tap to tap. 


1200-Ib heat of “D20,” furnace No. 2 = 198.0 standard 
minutes or time of 99 minutes from tap to tap. 


1200-Ib heat of “D20,” furnace No. 3 = 136.8 standard 
minutes or time of 68.4 minutes from tap to tap. 


2500-lb heat of “D20,” furnace No. 4 = 285.0 standard 
minutes or time or 142.5 minutes from tap to tap. 


The standards are computed as though all heats were poured 
into 200-Ib ladles; therefore, when poured into bull-ladles, the 
crew gains extra time. At the present approximately 10 per cent 
of the heats are poured into bull-ladles. Should this quantity be 
increased, the company reserves the right to adjust the standard 
accordingly. 

Wash and pill heats are computed the same as production 
heats, except, when one operator alone produces such heats out- 
side of scheduled crew time, he then will be paid the non- 
incentive rate for that time. 

Time for unavoidable delays, such as when directed to wait 
for molds, shall be computed as down time and where one 
furnace only is affected this time will be multiplied by two. 
Where both furnaces are delayed, this time will be multiplied 
by four, thus changing the time to man minutes to be divided 
equally among the entire crew in the computation of earnings. 

This incentive system is also applicable for the operation of 
one furnace at a time with a two-man crew, 

In case of “Off-Analysis” heats, to the extent that they must 
be scrapped, and it is definitely shown that through carelessness 
or neglect a member, or members, of this crew is at fault, pay 
is computed at the non-incentive rate for such heats. Deter- 
mination of fault will rest with the foundry metallurgist. As 
several days may elapse before finai analysis is determined, de- 
duction will, in most cases, be delayed. 


PENALTY FORMULA 





(a—b) 
¥ = Sx A == 
a 
Where: 
Y = Crew penalty, in Standard Minutes, for “Off-Analysis” 
heat. 


S = Standard Minutes paid for “Off Analysis” heat. 


X = Ratio of man minutes gained in per cent of actual 
man minutes spent to produce heats on day of “Off 
Analysis” heat. 

a = Incentive earning rate of crew, in per cent, on day of 
“Olf Analysis” heat. Should this be 100% or less, no 
penalty can be applied. 


b = Standard Time quoted as 100%. 
Example: 
Y=? S =- 198 Standard Minutes xXx =? 
a = 145% b = 100% 
(145 — 100) 
"= 198 x X xX = —————— = 310 


145 
Y = 198 x .310 — 61.4 Standard Minutes 


Proot: 


198 — 61.4 — 136.6 minutes (actual man minutes to 
produce heat) 
136.6 « 145% = 198 Standard Minutes 


It is urged that at all times this crew work as a unit towards 
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the goal of tapping heats. The normal production starting time 
for all members of this crew will be 6:30 A.M., but this may be 
occasionally changed to coincide with the production schedule. 

Penalty for “Off Analysis” heat is the difference between 
Standard Minutes allowed and actual time taken. 


Standard Minutes 





Penalty — Standard Minutes — 
incentive earning rate in per cent 
Example: 
Standard Minutes = 198 
Incentive earning rate — 145% 
198 
198 — —- — 198 — 136.6 — 61.4 Standard Minutes Penalty 
145 
or 


Per cent incentive earning rate — 100 





Standard Minutes x 
Per cent incentive earning rate 
145 — 100 
198 x —_———. = 198 & .31 = 61.4 Standard Minutes Penalty 


145 
When incentive rate is 100% or less no penalty is applied. 


J. RK. Vocan (Written Discussion):* There are three basic 
ideas presented in Mr. Tetzlaff's paper which show alert and 
progressive thinking on the part of the author. They are: 

1. The incorporation of “quality” into the incentive plan. 

2. Incorporation of what is generally considered overhead 
(power). This is, at least to some extent, a variable governable 
by the melters and thus is rightfully a part of an incentive plan. 

3. The use of analysis of data to make easier the work of 
evolving an acceptable incentive program. 

On these three points, the paper merits praise. However, I 
would like to touch off the discussion by suggesting improve- 
ments and refinements to the author’s methods of obtaining 
some of his goals, and by directing several questions to the 
author for specific answers to clarify points not immediately 
apparent from the preprint. 

The author's assignment of point values and penalties which 
are the basis for the quality bonus were “based on a careful 
evaluation of the importance of each metal component and the 
importance of each deviation from the required specification.” 
While there are bound to be differences of opinion among vari- 
ous manufacturers as to the relative importance of different 
components, it is of interest to point out the theory of the 
beneficial effects of higher silicon and manganese contents as 
expressed in the Cast METALS HANDBOOK, page 255, the factor 
of inter-relationships when considering the influence of individ- 
ual elements, and the importance of sulphur and phosphorus, 
which were apparently not included in the author’s calculations. 
Pertinent excerpts from this source are: “—-Manganese and 
silicon have important deoxidizing influences on the molten 
metal. In making steel for castings it is desirable to degasify 
the metal as thoroughly as possible. For this purpose it is dis- 
tinctly helpful to introduce liberal amounts of silicon and man- 
ganese, in the form of alloys containing these elements. Steel 
casting producers have viewed with satisfaction the dissipation 
of the former erroneous idea held by some customers of steel 
castings, that a manganese content appreciably higher than 
0.75 per cent was likely to result in brittleness. The effects of 
manganese in steel as high as 1.75 per cent, —have brought a 
merited appreciation of the beneficial effects of the element. 
—To some extent, relatively high silicon content has been recog- 
nized as helpful in the same general two-fold way; that is, for 
deoxidation and for affecting physical properties. Those steel 
founders who have been taken into consultation when specifi- 
cations for steel castings have been in the process of develop- 
ment, have emphasized the important factor of relationship 
when considering the influences of any element in the chemical 
composition. A high proportion of silicon, carbon or manganese, 
to a large extent is helpful or harmful according to the pro- 
portions of the other elements present. It is fundamentally 
wreng to evaluate them on any other basis. It is a logical pro- 


2\American Brake Shoe Co., New York. 








E. G. TETZLAFF 


cedure to specify physical properties and maximum limits for 
phosphorus and sulphur, while prescribing minimum limits for 
silicon and manganese; and generally to allow the producer to 
follow his own judgment regarding the other constituents in- 
cluded in material intended for carbon steel castings.” 


QUALITY PORTION 


1. The author’s statement that “melt cycle times are, and 
should be, fairly constant” brings up the questions: 

(a) What is “fairly constant”? 

(b) What has been the variation in the type, and in the 
size, of the scrap charged into the furnace over the past few 
years? 

It is my impression that the scrap market has fluctuated so 
widely during the last two or three years, that this is one 
quantity which might be considered as a variable instead of a 
constant. For instance, the melters would be penalized if the 
manganese content of the scrap fluctuated, since they would 
apparently have no way of knowing to change the amount of 
the manganese addition. 

2. This leads to the next suggestion. It would seem to be 
more fair to base the reward, or penalty, for adherence to 
chemical specifications upon how much the melter had control 
over the end result, rather than solely upon the importance of 
that factor upon the acceptance or rejection of the heat. Spe- 
cifically, if the carbon of a heat were outside the specifications, 
the melter should receive a relatively more severe penalty, 
since not only is the carbon content easier to control, but also 
a preliminary carbon check is available upon request. There- 
fore, carbon should practicaly never be off-analysis. 

3. There is more reason for increasing the penalty points 
approximately exponentially, rather than linearly, e.g., as the 
silicon regresses from the specifications in 5-point steps, in- 
crease the penalty points: —l, —3, —9; or —2, —6, —18; 
rather than —3, —6, —9. Specifically, these points should be 
increased inversely as the probability of getting the “‘off-analysis” 
due to random, uncontrollable, fluctuations inherent in the pro- 
cess itself. Regardless of any desired limits to fluctuations in 
the percentage of each element, the process itself has a stand- 
ard deviation and the only way to decrease those “built-in” 
fluctuations is to eliminate the causes. It is true that one of 
the causes could be sloppy control by the melter, but this 
cause should be differentiated from all other causes. 

Why did the author take the average efficiencies of 65 per cent 
(which he calls “normal”) and give that rate a 25 per cent 
bonus? Why not just increase base rates 25 per cent? 

(a) It is quite possible that an arithmetic mean (65 per cent) 
is the only feasible method of getting an index of opera- 
tions in this plant. However, it would be much more 
accurate to make check time studies (take a sample) and, 
in this way, give the average value a base index, rather 
than just arbitrarily assigning an index of 125 per cent 
of base quality. 


QUANTITY PORTION 


1. In the quantity portion the arithmetic mean (average) in 
a six-month period was accepted as the standard. 

(a) If there were an incentive plan of some sort during this 

six-month period, the melters are being penalized. 

(b) If there were no incentive then, it would seem to be an 
optimistic viewpoint that the melters were working at 
the desired, base, day-work rate. 

The solution would again seem to be a small number of time 
studies to check the melters pace rate, and to thereby establish 
a fair base for the comparison of future production. 

2. Since there‘ would be definitely different melt times for 
different analyses of steel (even if only slight), this variable 
might be eliminated by putting a time clock on the furnace, and 
paying an efficiency bonus on the decrease in down-time between 
heats. 

What was the author’s reason for splitting the quantity bonus 
between the company and the men? Since the company gains 
from the increased efficiency and reduces overhead, why not 
use a 100 per cent bonus plan for the quantity portion? (If the 
answer is “company policy,” what is the reason behind that 
company policy?) 
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PowER SAVINGS PORTION 


1. (a) The average power consumption is 2130 kw per heat. 
What were the fluctuations in the weekly average during 
the six-month period which was used as a base? (What 
was the high weekly average, and the low, during that 
time?) 

(b) What percentage of this total variance is due to the effi- 
ciency, or inefficiency, of the melters? What percentage 
was due to the melters? to different analyses? to variance 
in scrap? etc.? 

It would seem that the bonus should be based on only what 
the melter can control, and should not include factors over 
which he would have no influence. Again, a very small number 
of time studies (very much fewer than would be needed to 
develop the data) could be used to establish an estimate of the 
controllable deviations. 

2. What provision has been made for the possibility of a nega- 
tive power bonus? 


CONCLUSION 


Since the author admits that time studies are the best basis for 
incentive plans, it would seem better to sample the process by 
means of time studies, and use these studies to establish the 
base (normal, standard) for the past production averages, rather 
than arbitrarily decide what is normal. 

It would also be helpful to apply mathematical statistics to 
the analysis of the data, in order to differentiate between the 
different types of deviations, so that the incentive plan could be 
based upon what the melter, himself, can actually control. 

Let me repeat that, while I do not agree on several of the 
specific methods, or steps, used to develop the plan, the basic 
ideas are very sound. There is also much to be said for the 
development of incentive plans by the use of past production 
data as a first approximation, rather than using it as a check. 

This method is faster, and therefore cheaper; although, as 
much care must be used in establishing the base, or normal, as 
in establishing the base pace used in rating timestudies. It 
was indeed interesting to see that at least one company has 
started an investigation into this prccedure for developing in- 
centive plans. 

Mr. TetziaFF (Reply to Mr. Fenn): Mr. Fenn’s criticism on 
the Quality Portion of the payment of a 25 per cent bonus for 
the maintenance of the past normal efficiency of 65 per cent is a 
very logical one. However, we wish to point to the sentence that 
says that the 25 per cent figure was arrived at after a “study” 
was made. The truth is that up to the inception of the three- 
part plan, we had a very crude production bonus in effect, so we 
had to maintain, to an extent, the earnings afforded by the old 
plan. Other considerations were the earnings of melters and 
helpers in the Milwaukee area and also the earnings of equally 
rated jobs in our own plant. Our base rate curve based on job 
evaluation did not allow us to change the base rates. 

If we were starting from scratch with a day work situation, I 
am sure we would pay a bonus only after an improvement over 
past performance as Mr. Fenn suggests. 

With reference to the criticism of the 75-25 split arrangement, 
we again agree with Mr. Fenn that employees are entitled to 
the full savings if the standard is based on 100 per cent efficiency 
and that efficiency is determined by soundly pace rated time 
studies. In fact that is our policy on such standards. 

However, where past performance is the basis for the standard 
we have a different situation. It would be a rare group whose 
pre-standard performance was even near 100 per cent efficiency. 
Furthermore, performance can also usually be improved by 
better planning on the part of management and supervision. 
Thus, we and our employees feel that the 75-25 sharing arrange- 
ment is more than fair on all group plans not based on time 
study. 

For further information we would like to make reference to 
the section on Wage Plans in the Production Handbook by Al- 
ford, Bangs and Hageman. 

Mr. Fenn’s comments on the economics and psychology of 
incentives plans are well taken. We do not feel, however, that 
incentives must be tight to be sound. We are interested in high 
quality, high productivity and low manufacturing costs, and we 
are not afraid to pay employees generously to gain that end. 
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This has been our policy for many years with very happy results 
all around. 

Mr. TetzLarr (Reply to Mr. Vogan): In reply to Mr. Vogan’s 
comments on specification deviations and the desirability of 
higher silicon and manganese, we must say that we produce 
castings only for sale to several hundred customers. They and 
not we set up the specifications, although we try to fit their 
orders into standard specifications set up to satisfy the majority 
of orders. 

It must be remembered, too, that our castings must often be 
repair welded or be welded into units with rolled steels and 
forgings. High silicon and high manganese makes welding diffi- 
cult. High silicon content also makes the castings more sus- 
ceptible to cracks and hot tears. Manganese is expensive and 
often scarce so why run up the amount when the added benefits 
are slight, if any? For further information on steel specifications, 
we suggest a reference to the Steel Founders’ Society of America. 

In answer to the question, “What is fairly constant?,” we can 
say that the normal deviation in melt cycle times is less than 5 
min. 

As to the scrap variation we can say that we are located in an 
excellent market area, and that our sources have been giving us 
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consistently good scrap with only small specification deviations. 

With reference to the assigned point values, we will not take 
issue with Mr. Vogan since each person or group of persons will 
probably evaluate the importance of specification deviations 
differently. 

Mr. Vogan also seems to take issue with our allowing a 25 
per cent quality bonus for a maintenance of post efficiency and 
also with our 75-25 split. For these answers we would like to 
refer back to our answers to Mr. Fenn. 


In answer to the questions on the power savings portion, we 
can only say that our experience has proven that power is a con- 
trollable item. We have never experienced a negative power 
bonus, but we would not penalize the group if such should occur. 

Mr. TETZLAFF (Author’s Closure): Our paper was not offered 
to present a perfect and highly polished incentive plan. We 
merely wished to tell about a plan that has worked well for us. 
If we were to start over again, we could add many improvements 
and refinements. With the same thought we hope that in telling 
of our experience, others can develop plans with necessary modi- 
fications which will do a job for them. If this should happen, 
we will be happy to hear about the plans. 








INFLUENCE OF SOME RESIDUAL ELEMENTS AND THEIR 
NEUTRALIZATION IN MAGNESIUM-TREATED 
NODULAR CAST IRON 


By 


H. Morrogh* 


Introduction 


The conditions for the production of nodular cast 
irons by the use of magnesium have been described 
in a comprehensive manner in the original patent by 
Millis, Gagnebin and Pilling.1 Subsequent literature 
has amply confirmed the claims of these investigators 
and therefore no detailed description of the process 
and the product is necessary here. Nodular cast irons 
may be defined as gray cast irons having graphitic car- 
bon entirely in the form of nodules in the as-cast state 
without the necessity for heat treatment in order to 
achieve that structure. The graphite nodules in nodu- 
lar cast irons have a characteristic structure, referred 
to as “‘spherulitic,” the genesis of which is the subject 
of much speculation.? 

To obtain a nodular structure by the process under 
consideration the molten iron is treated with suffi- 
cient magnesium in appropriate form shortly before 
casting to give a residual magnesium content in ex- 
cess of about 0.04 per cent in the solidified casting, 
the sulphur content being at the same time reduced 
to a value of the order of 0.015 per cent or lower. 
The molten iron must be inoculated simultaneously 
with, or subsequent to, the magnesium addition. Ex- 
perience has shown that the process is applicable to 
a wide range of compositions with respect to carbon, 
silicon, manganese, sulphur, phosphorus and nickel, 
the only limitations being the ability of the iron to 
solidify gray, which in normal circumstances is con- 
trolled by the carbon and silicon contents and section 
size of the casting. 


Trace Elements in Raw Materials 


The influence of these principal constituent ele- 
ments on the production and properties of nodular 
cast irons has been well described in the literature, 
but, unfortunately, the raw materials of the foundry 
industry (pig iron, cast iron scrap, steel scrap, etc.) 
are not always “simple” iron-carbon-silicon-mangan- 
ese-phosphorus-sulphur alloys. Small amounts of a 
wide variety of other elements are frequently present. 
For the production of normal flake graphite gray cast 
irons these “trace’’ elements can usually be ignored. 


*The British Cast Iron Research Association, Alvechurch, 
Birmingham, England. 
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In the case of nodular cast irons, however, these 
“trace” elements can have a profound effect on the 
fundamental object—to produce nodular graphite 
structures. Reference has been made by Millis, Gag- 
nebin and Pilling! to certain elements which should 
be avoided or limited in amount, but subsequent lit- 
erature has largely avoided this issue. 

Experience with the process in Britain quickly in- 
dicated that certain pig irons and other raw materials 
should be avoided if nodular graphite structures were 
to be produced in all casting sections, or even pro- 
duced at all. It has been found that the unsuitabil- 
ity of these raw materials is due to their content of 
“trace” elements which prevent magnesium from hav- 
ing the desired effect. 


Limiting Subversive Elements 


Millis, Gagnebin and Pilling! have pointed out 
that copper in large amounts inhibits the formation 
of nodular structures. They prefer to limit the cop- 
per content of nodular irons to not more than 2 per 
cent, but they point out that nickel will increase the 
tolerance for copper. They also indicate that cer- 
tain other comparatively rare elements not usually 
found in cast iron should be avoided or limited to 
traces because they interfere with the production of 
nodular graphite. The elements tin, lead, antimony, 
bismuth, arsenic, selenium and tellurium were listed 
as subversive elements in this conection. Tin was 
found to be particularly detrimental, and it was 
recommended that it should not be allowed to ex- 
ceed 0.05 per cent. 

Holdemann and Stearns® treated cast iron with 
various magnesium alloys containing subversive ele- 
ments. An alloy of 20 per cent magnesium-80 per 
cent antimony gave a coarse flake graphite structure, 
but the magnesium content of the treated metal was 
only 0.012 per cent. An alloy of equal parts of mag- 
nesium and bismuth gave a flake graphite structure 
even though the residual magnesium content was 
0.04 per cent. These investigators also obtained flake 
graphite in an iron treated with a magnesium alloy 
containing aluminum, copper, iron, lead, tin and 
zinc. Holdemann and Stearns did not give the sub- 
versive element content of any of their irons. 

Morrogh® illustrated a wide range of flake graph- 
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Fig. 1—Section of keel block test bar. 














ite structures in magnesium-treated irons. These struc- 
tures we now know to have been due to the presence 
of titanium in the pig irons used, although this was 
not realized at the time. (This effect of titanium will 
be referred to later in this paper.) For a given mag- 
nesium content in these irons the amount of flake 
graphite was found to increase with increasing sec- 
tion size, while in a given section size the amount of 
flake graphite decreased with increasing magnesium. 
It is the present author’s experience that if subver- 
sive elements are entirely absent,* and if the residual 
magnesium content is not less than 0.04 per cent, 
nodular graphite only will be obtained regardless of 
the section size. 

Difficulties of this type have obviously been en- 
countered by other investigators. For instance, Ven- 
nerholm, Bogart and Melmoth’ obtained flake forms 
of graphite particularly in heavy sections, and they 
were unable to minimize this occurence. No details 
were given of the trace subversive elements in their 
materials, but approximately 0.4 per cent copper was 
present. The structures obtained indicate that some 
subversive elements were present. 

Similarly, Kraft and Flinn*® found appreciable 
amounts of flake graphite, increasing with increasing 
section size in irons of “marginal chemistry.” These 
irons also contained about | per cent copper. It will 
be shown later that copper increases the sensitivity 
of magnesium-treated nodular irons to subversive ele- 
ments. Wittmoser? also shows mixed structures of 





* The expression “entirely absent” needs some qualification 
in this context. It is doubtful whether some subversive ele- 
ments are ever entirely absent in the sense of not being present 
at all. The expression must be taken as meaning that the ele- 
ments concerned are not detected by normal analytical pro- 
cedures. It may be that some elements have a harmful in- 
fluence even in amounts smaller than can be detected by these 
techniques. 
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nodular graphite and flake graphite in magnesium- 
treated irons, implying that such irons have been 
treated with insufficient magnesium, although the one 
iron of which the analysis was given contained 0.04 
per cent magnesium. 

Again it would appear that we have flake struc- 
tures produced by traces of subversive elements al- 
though no reference to these is made. Diagrams have 
been given in the literature showing the occurrence 
of flake graphite in heavy sections’® or indicating the 
desirability of higher residual magnesium contents 
in large sections.1°-11_ This is another indication of the 
presence of harmful trace elements. In the absence of 
appreciable amounts of these elements completely 
nodular structures can be produced even in very heavy 
sections. 

Morrogh® showed that aluminum can prevent the 
production of spherulitic graphite nodules by mag- 
nesium. 

From this brief survey it would seem that the prob- 
lem of subversive elements in cast iron is common to 
many countries where the production of nodular cast 
iron has been studied. 

In Britain many pig irons and refined irons have 
been found to contain subversive elements and the 
difficulty has been overcome in the first instance by 
the use of melting stock low in these elements or 
which was proved by trial to be satisfactory. This 
procedure may be difficult to adhere to in view of the 
prevalent shortage of raw materials, and it is natural 
that an attempt should be made to find a method of 
neutralizing the harmful effects of these subversive 
elements to permit a wider choice of raw materials. 
It is the purpose of this paper to describe in more 
detail the effects of these elements and to indicate a 
method by which they can be successfully neutralized. 


Need Improved Analytical Techniques 

In the writer’s experience few, if any, pig irons are 
entirely free from these subversive elements. As ana- 
lytical procedures become more sensitive so does the 
widespread occurrence of these elements become more 
apparent. At this stage it is improbable that all the 
subversive elements have been detected. Furthermore, 
the amount of these elements which are relevant in 
this context are frequently so small that they are 
beyond the limits of the established analytical tech- 
niques. Improvements in techniques may well modify 
our views on the amounts which are harmful. This 
paper is only concerned with those elements which 
the present writer believes to be the most important. 
Much further work remains to be done, particularly 
on the quantitative aspect of this problem. 

It has been found that small amounts of titanium, 
lead, bismuth and antimony have a pronounced sub- 
versive effect; tin in amounts up to 0.05 per cent, and 
arsenic in amounts up to 0.1 per cent, can be tolerated 
without harmful effect on graphite formation; alumin- 
um can also have a harmful effect. The harmful ef- 
fect of copper has not been entirely confirmed but 
has been found to be closely related to the subversive 
element content of the iron. A number of examples 
will be given to illustrate the effects of these elements. 

In addition it has been found that a small amount 


of cerium added prior to, simultaneously with, or 
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subsequent to the magnesium addition is capable of 
neutralizing these subversive elements, either singly 
or in any combination. This effect will also be illus- 
trated by a number of examples. This use of cerium 
enables pig irons to be used regardless of their sub- 
versive element content. 

It should be pointed out that subversive elements 
may not only originate from the pig iron, steel scrap, 
etc., but also from furnace and ladle refractories, fuel, 
and ladle additions. Finally, this subject, while being 
of profound practical importance, is also of consider- 
able theoretical interest—any theory to explain the 
effects of magnesium in producing nodular structures 
must also lead to an explanation of why some ele- 
ments inhibit this effect and why cerium is capable 
of restoring it. 

Except where otherwise stated, all the mechanical 
properties reported have been obtained on “keel” 
block test bars (Y blocks) cast in green sand molds. 
The keel block section is given in Fig. 1. Each block 
was 81% in. long. 


Influence of Lead 


Table 1 gives the chemical analyses of a number 
of irons treated with various amounts of lead, 


TABLE ]1—-CHEMICAL ANALYSES OF IRONS TREATED 
WITH VARIOUS AMOUNTS OF LEAD 

















Composition, Per Cent 
ben & P—__________ $$$ $$ —_____—__ — —_—— 
No. Added T.C. Si Mn S  P Ni Mg Ce Pb 
1 0.00 3.44 1.96 <0.02 0.018 0.026 0.74 0.084 — 0.004 
2 0.01 do 2.03 £0.02 0.012 do 0.70 0.059 — 0.005 
3 0.03 do 2.04 £0.02 0.014 do 0.72 0.059 — 0.009 
4 0.05 do 1.98 20.02 0.013 do 0.81 0.054 — 0.013 
5 0.075 3.46 2.11 £0.02 0.014 do 0.66 0.055 — 0.011 
6 0.10 do 2.11 £0.02 0.012 do 0.68 0.052 — 0.011 
7 0.05 3.33 2.09 <0.02 0.014 do 0.81 0.061 0.021 0.014 
8 0 3.27 2.35 0.50 0.011 0.059 1.67 0.083 — — 
9 0.05 do 2.44 047 0.010 do 1.58 0.113 — 0.012 
10 0.05 do 2.35 0.50 0.010 do 1.66 0.079 0.017 0.013 
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TABLE 2—-EFFECT OF ADDITIONS (LEAD) ON 
MECHANICAL PROPERTIES 














Maximum Brinell 
Iron Tensile Stress, Elongation, Hardness 

No. psi % No. 
l 67,200 19 169 

2 69,850 17 174 
3 61,620 6 172 
4 47,450 — 203 
5 54,470 —_— 195 
6 53,800 — 198 

7 64,720 20 152 

8 102,790 4 285 
9 57,790 —_ 257 
10 103,020 4 300 








Irons Nos. 1-6 were prepared from Swedish char- 
coal iron and illustrate the effect of increasing ad- 
ditions of lead on magnesium-treated irons. The 
Swedish charcoal iron was used because of its gen- 
erally low content of residual elements. Iron No. 7 
was also prepared from Swedish charcoal iron. Lead 
was added to this iron and it was subsequently treated 
with cerium misch metal as well as magnesium. Irons 
Nos. 8, 9 and 10 were prepared from a refined iren 
with an initial sulphur content of 0.130 per cent. 
Iron No. 8 was treated with magnesium, iron No. 9 
with lead and magnesium, and iron No. 10 with lead, 
magnesium and cerium misch metal. 

In each case the lead was added to the metal in 
the ladle prior to any other addition. The magnesium 
was added to the metal in the ladle in the form of 
a nickel-magnesium alloy when the temperature 
reached 1380 C as indicated by an immersion py- 
rometer. The cerium misch metal was added after 
the magnesium addition. The final addition was 0.5 
per cent silicon as 80 per cent ferro-silicon in each 
case. Each addition was stirred into the molten metal 
by a refractory plunger. 

The mechanical properties of this series are given 
in Table 2. 


The microstructure of iron No. | is shown in Fig. 2 
and is seen to consist of graphite nodules in a matrix 
of ferrite with a small amount of pearlite. Iron No. 
2 had a structure very similar to No. 1, but iron No. 3 
had a small amount of flake form of graphite as is 
shown in Fig. 3. The occurrence of this flake graphite 
is accompanied by a marked drop in elongation. 
Irons Nos. 4, 5 and 6 had similar microstructures, 
showing a form oi flake graphite in a matrix of 
pearlite with a little ferrite and a few scattered nod- 
ules. These irons had no measurable elongation. 

The predominantly ferritic structure of nodular 
irons prepared from this Swedish charcoal iron is at- 
tributable partly to the very low manganese content 
(less than 0.02 per cent) and partly to the very low 
content of pearlite stabilizing elements such as tin, 
arsenic, boron, bismuth, etc. The flake graphite struc- 
ture of iron No. 4 is illustrated in Fig. 4. This struc- 
ture is typical also of irons 5 and 6, 


Fig. 2 — Nodular 
iron prepared from 
Swedish charcoal 
iron with no special 
addition other than 
magnesium and ino- 
culant. Etched, pic- 
ric acid. X100. 


Fig. 3 — Small 
amount of flake 
form of graphite 
due to 0.009% lead. 
Etched, picric acid. 
<100. 
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Fig. 4—Flake form 
of graphite in iron 
No. 4 with 0.013% 
lead. Etched, picric 
acid. X100. 





It should be noted that this flake graphite is not 
the normal variety, and this is reflected in the tensile 
strength values of irons 4, 5 and 6 which are some- 
what higher than would be expected in irons having 
normal flake graphite structures with compositions 
as quoted above. The flake graphite shown in Fig. 4 
is similar in many respects to the compacted flake 
graphite which occurs in normal irons having 0.02- 
0.04 per cent magnesium and which has been de- 
scribed in detail on previous occasions.+5 The in- 
crease in the amount of pearlite which accompanied 
the formation of the flake form of graphite in iron 4 
is not easily explained. 

It is not obvious, for instance, whether this is a 
direct effect of lead on the stability of pearlite carbide 
or whether it is a consequence of the change to flake 
graphite. It is perhaps significant that the compacted 
flake graphite formed in normal irons having 0.02- 
0.04 per cent magnesium may also be accompanied 
by pearlite, whereas ferrite occurs with higher mag- 
nesium contents when the structure is nodular.5 

In Tables 1 and 2 iron No. 7 can be compared with 
iron No. 4. The lead additions are the same in each 
case and the residual lead contents are very similar. 
Iron No. 7 was treated with cerium misch metal after 
the magnesium addition, and it can be seen from 
the mechanical properties shown in Table 2 that the 
cerium addition has effectively neutralized the harm- 
ful effect of the lead. This is particularly noticeable 
in the elongation value. The microstructure of iron 
No. 7 was exactly similar to that of iron No. | illus- 
trated in Fig. 2. 

Iron No. 8 had a structure of nodular graphite in 
a matrix of pearlite together with a very small amount 
of an acicular flake form of graphite similar to that 
illustrated in Fig. 28. (This acicular graphite will 
be referred to later, but it occurred in this iron be- 
cause it contained 0.04 per cent titanium.) The 


TABLE 3—CHEMICAL ANALYSES OF IRONS TREATED 
WITH VARIOUS AMOUNTS OF BISMUTH 





Composition, Per Cent 








No. % Bi : — 
Added T.C. Si Mn S P Ni Mg Ce Bi 
11 0.00 3.44 2.07 <0.02 0.023 0.024 0.65 0.049 — 0.0005 
12 0.01 2.08 <0.02 0.012 0.71 0.066 — 0.001 
13 0.03 2.16 <0.02 0.012 0.72 0.072 — 0.003 
14 0.05 2.27 £0.02 0.011 0.70 0.054 — 0.005 
15 0.075 3.40 2.11 <0.02 0.016 0.66 0.053 — 0.012 
16 0.10 2.10 0.02 0.015 0.66 0.056 — 0.017 





“17 0.05 3.39 2.26 <0.02 0.014 0.78 0.096 0.021 0.006 





MAGNESIUM-TREATED NODULAR Cast IRON 


amount of this form of graphite was insufficient to 
have any influence on the tensile strength of the iron. 

Iron No. 9, containing lead, had flake graphite, 
as shown in Fig. 5, in a matrix of pearlite. The 
occurrence of this flake graphite gave a marked drop 
in tensile strength. Iron No. 10, which also contained 
lead, but which had been treated with cerium as 
well as magnesium, had nodular graphite in a matrix 
of pearlite with no flake graphite, as shown in Fig. 6. 
The cerium addition has again neutralized the lead 
and completely restored the mechanical properties 
and microstructure of the material. 

The few results presented so far clearly demonstrate 
the harmful effect of lead in nodular irons and the 
ability of cerium to neutralize the lead. In this series 
of experiments 0.009 per cent lead began to have a 
subversive effect and 0.011 per cent lead completely 
replaced nodular graphite with flake graphite. 

It should be noted, however, that these figures are 
not necessarily applicable to all castings since the 
amount of lead which has a harmful influence ap- 
pears to depend on the cooling rate of the section. 
With rapid cooling larger amounts of lead can be 
tolerated than with slow cooling. Thus a given lead 
content may only give a small amount of flake graph- 
ite in a relatively small section, whereas a completely 
flake graphite structure would be obtained in a rela- 
tively large section. 


Influence of Bismuth 


Table 3 gives the analysis of a series of irons pre- 
pared to illustrate the influence of bismuth. 

These irons were again prepared from Swedish 
charcoal iron, the general procedure being the same 


Fig. 5—Flake form 
of graphite in iron 
No. 9 containing 
0.012% lead. 
Etched, picric acid. 
x<100. 


Fig. 6—Iron No. 10 

with 0.013% lead 

and 0.017% cerium. 

Graphite nodules in 

a matrix of pearlite. 

Etched, picric acid. 
x100. 
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as that for the lead series. The bismuth was added 
before the magnesium addition. The mechanical 
properties for this series are given in Table 4. 


TABLE 4—EFFECT OF ADDITIONS (BISMUTH) ON 
MECHANICAL PROPERTIES 











Maximum Brinell 
Iron Tensile Stress, Elongation, Hardness 

No. psi % No. 

Il 69,850 17 174 

12 61,840 20 162 

13 63,600 10 155 

14 43,720 — 187 

15 37,140 — 191 

16 34,050 — 196 

17 73,020 16 173 





Irons Nos. 1] and 12 had structures very similar 
to that already illustrated in Fig. 2. Iron No. 13 had 
traces of a flake form of graphite as shown in Fig. 7, 
and irons Nos. 14, 15 and 16 had a flake form of 
graphite in a matrix of pearlite with a little ferrite 
and occasional nodules as shown in Fig. 8. Iron No. 
17, treated with cerium and containing 0.006 per cent 
bismuth, had a good nodular structure in a matrix 
of ferrite with a small amount of pearlite, ie., a 
structure very similar to that illustrated in Fig. 2. 

These results indicate that bismuth in amounts of 
the order of 0.003 per cent begin to have a harmful 
effect, and 0.006 per cent bismuth can completely 
inhibit the nodular structure. The mechanical prop- 
erties and microstructure of iron No. 17 clearly illus- 
trate the ability of cerium to neutralize the influence 
of bismuth. 

As is the case with lead, experience suggests that 
the amount of bismuth which can be tolerated de- 
pends upon the cooling rate of the casting—larger 
amounts of bismuth can be tolerated in rapidly cooled 
sections than in slowly cooled sections. 


Influence of Antimony 


Antimony has a harmful effect similar to that of 
lead and bismuth, as is shown by the results given in 
Tables 5 and 6 giving chemical analyses and mech- 
anical properties, respectively. 

Irons Nos. 18-21 are a series with increasing anti- 
mony additions. The first addition of antimony, giv- 
ing a residual antimony content of only 0.004 per 
cent, had a profound effect on the elongation value. 
The structure of iron No. 18 with no antimony ad- 
dition was almost identical with that illustrated in 
Fig. 2, whereas iron No. 19 had a small amount of 


TABLE 5—CHEMICAL ANALYSES OF IRONS TREATED 
WITH VARIOUS AMOUNTS OF ANTIMONY 





Composition, Per Cent 
Iron % Sb - 
No. Added T.C. Si Mn Ss P Ni Mg Ce Sb 


18 0.00 3.42 2.06 <0.02 0.014 0.024 0.72 0.046. 














19 0.01 2.20 <0.02 0.013 0.79 0.055 0.004 
20 0.03 2.16 <0.02 0.013 0.76 0.047 0.012 
21 =0.05 2.19 <0.02 0.015 0.74 0.056 0.026 
22 0.05 3.45 2.32 <0.02 0.012 0.023 0.84 0.075 0.015 0.024 
23 0.05 2.27 <0.02 0.011 0.79 0.081 0.028 0.022 
24 0.05 2.27. <0.02 0.013 0.82 0.077 0.049 0.015 








Fig. 7—Iron No. 13 
with 0.003% bis- 

muth. Etched, pic- 
ric acid. X100. 


Fig. 8—Iron No. 14 
with 0.005% bis- 
muth. Etched, picric 
acid. X100. 





TABLE 6—EFFECT OF ADDITIONS (ANTIMONY) ON 
MECHANICAL PROPERTIES 











Maximum Brinell 

Iron Tensile Stress, Elongation, Hardness 
No. psi % No. 

18 70,560 17 178 

19 66,340 2 212 

20 81,720 ane 232 

21 81,496 — 231 

22 85,324 7 225 

23 76,200 12 207 

24 73,040 15 167 





flake graphite together with spherulitic nodules in a 
matrix containing considerably more pearlite than 
iron No. 18, as is shown in Fig. 9. 

Irons Nos. 20 and 21 had similar structures with 
rather more flake graphite than iron No. 19 but with 
an essentially pearlitic matrix with only a small 
amount of ferrite. The structure of iron No. 20 is 
shown in Fig. 10. 

The first addition of cerium almost completely re- 
stored the nodular structure, only a trace of flake 
graphite being present, but it only restored a little 
of the original ferrite, as is shown in Fig. 11. With 
0.028 per cent cerium in iron No. 23 the nodular 
structure was completely restored, although there was 
still slightly more pearlite than in the original struc- 
ture. This is reflected in the hardness of this iron. 
The structure of this iron is illustrated in Fig. 12. 
Iron No. 24 with 0.049 per cent cerium had a struc- 
ture exactly similar to that of iron No. 18 (Fig. 2). 

These results clearly demonstrate that antimony 
contents as low as 0.004 per cent can have a harm- 
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® Fig. 9—Iron No. 19 

; | with 0.004% anti- 

mony. Etched, pic- 
ric acid. X100. 


Fig. 10—Iron No. 
20 with 0.012% an- 
timony. Etched, pic- 

ric acid. X100. 


ful effect on the production of spherulitic nodular 
structures by magnesium. With increasing amounts 
of antimony the tendency for pearlite formation is 
increased. Cerium is clearly capable of neutralizing 
the harmful effect of antimony, but the extent of 
neutralization depends upon the amount of residual 
cerium. 

Irons Nos. 1-7 (with lead additions), irons 11-17 
(with bismuth additions), and irons Nos, 18-24 (with 
antimony additions) were all prepared from the Swed- 
ish charcoal iron referred to previously. This iron 
was chosen partly because of its known low content 
of residual elements and partly because of its low 
manganese content which facilitates the formation 
of ferritic structures. This makes the material par- 
ticularly useful for observing the effects of the various 
elements being studied upon the tendency to pearlite 
formation. 

It has been found that the elements tin and arsenic 
have a profound effect in encouraging pearlite for- 
mation, but in order to place the results obtained 
with these elements in the correct perspective the 


‘TABLE 7—CHEMICAL ANALYSES OF IRONS WITH 
Various AMOUNTS OF MANGANESE 











Iron Composition, Per Cent 

ie TS 2 we 8 P Ni Mg 
25 3.34 2.13 >0.02 0.012 0.029 0.70 0.048 
26 2.07 0.12 0.011 0.60 0.049 
27 2.11 0.25 0.010 0.65 0.045 
28 2.15 0.44 0.011 0.66 0.044 
29 3.48 2.18 0.72 0.010 0.021 0.84 0.052 


30 2.19 0.95 0.009 0.86 0.068 





MAGNESIUM-TREATED NODULAR CAST IRON 


influence of manganese on the matrix structure of 
nodular irons prepared from the Swedish iron will 
be demonstrated first. 

Table 7 gives the analyses of a series of nodular 
irons prepared from the Swedish iron with increas- 
ing manganese additions, and Table 8 gives the mech- 
anical properties and microstructures of this series. 

It will be seen from these results that even with 
a manganese content of 0.95 per cent an appreciable 
amount of ferrite was present. 


Influence of Tin 


Tables 9 and 10 give the chemical analyses and 
mechanical properties, respectively, of a series of 
nodular irons with various tin additions. These irons 
were all prepared from Swedish charcoal iron. 

In this series there is a progressive increase in the 
amount of pearlite with increasing additions of tin. 
This is accompanied by a progressive increase in 
tensile strength, elongation and hardness. In all cases 
the nodular graphite structure was perfect with no 


TABLE 8—-EFFECT OF MANGANESE ON MECHANICAL 








PROPERTIES 
Maximum 
Tensile Brinell 

Iron Stress, Elongation, Hardness Microstructure 
No. psi %, No. 

25 62,700 18 164 Nodular+90% ferrite 
26 65,230 15 166 Nodular+90% ferrite 
27 72,600 13 173 Nodular+85% ferrite 
28 74,470 5 199 Nodular+40% ferrite 
29 84,920 2 235 Nodular+25% ferrite 
30 94,100 2 239 Nodular+ 15% ferrite 





Fig. 11 — Iron No. 
22 with 0.022% 
antimony and 
0.015% cerium. 
Etched, picric acid. 
x100. 


Fig. 12—Iron No. 
23 with 0.022% an- 
timony and 0.028% 
cerium. Etched, pic- 

ric acid. X100. 
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TABLE 9—CHEMICAL ANALYSES OF IRONS WITH 
Various AMOUNTS OF TIN 





Composition, Per Cent 














Iron % Sn —! a 

No. Added_ T.C. Si Mn S P Ni Mg Sn 
31 0.00 3.49 2.0 <0.02 0.010 0.023 0.66 0.047 
32. 0.01 2.09 0.011 0.73 0.048 0.012 
33 0.03 2.05 0.010 0.69 0.049 0.014 
34 =0.05 2.02 0.009 0.022 0.66 0.052 0.016 
35 0.075 3.34 2.11 0.011 0.66 0.044 0.022 
36 §=6.0.125 2.19 0.008 0.71 0.046 0.041 





TaBLeE 10—ErFFecT oF TIN ON MECHANICAL 








PROPERTIES 
Maximum 
Tensile Brinell 

[ron Stress, Elongation, Hardness Microstructure 
No. psi A No. 

31 62,520 13 156 Nodular+90% ferrite 
32 65,000 15 161 Nodular+90% ferrite 
33 86,520 10 208 Nodular+30% ferrite 
34 91,800 4 239 Nodular+ 5% ferrite 
35 99,496 4 249 Nodular+ 2% ferrite 
36 101,000 $ 253 Nodular. All pearlite 





flake graphite. Irons Nos. 31 and 32 had structures 
very similar to that shown in Fig. 2, but there was 
a sharp increase in the amount of pearlite in iron 
No. 33 with 0.016 per cent tin. The structure of this 
iron is shown in Fig. 13. With 0.041 per cent tin in 
iron No. 36 the metallic matrix became completely 
pearlitic, as is shown in Fig. 14. 

It would seem from these results that, in the ab- 
sence of appreciable amounts of subversive elements, 
up to 0.04 per cent of tin can be tolerated without 
harmful effect on the formation of nodular graphite. 
Tin is shown, however, to have a powerful influence 
on the formation of pearlite and comparing the re- 
sults given in Tables 9 and 10 with those in Tables 
7 and 8, it would appear that 0.04 per cent tin has a 
more powerful effect than 0.9 per cent of manganese. 
Experiments have been carried out with cerium ad- 
ditions to tin-bearing irons, but these have shown 
that cerium is incapable of neutralizing the pearlite 
stabilizing effect of tin. 


Influence of Arsenic 


The influence of arsenic is illustrated by the results 
given in Tables 11 and 12. 

Arsenic is seen to have an effect very similar to 
that of tin, but at least twice as much arsenic is re- 
quired to achieve the same degree of pearlite stabili- 
zation as that of a given amount of tin. It is also 





TABLE 11—-CHEMICAL ANALYSES OF IRONS WITH 
VARIOUS AMOUNTS OF ARSENIC 
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Fig. 13—Iron No. 

33 with 0.016% tin. 

Etched, picric acid. 
x 100. 


Fig. 14—Iron No. 

36 with 0.041% tin. 

Etched, picric acid. 
100. 





TaBLE ]2—EFrrect OF ARSENIC ON MECHANICAL 








Composition, Per Cent 











Iron % As 

No. Added T.C. Si Mn S P Ni Mg Ce As 
37 0.00 3.43 2.10 <0.02 0.011 0.023 0.74 0.047 

38 0.01 1.99 <0.02 0.010 0.79 0.054 0.010 
39 0.03 1.96 <0.02 0.009 0.74 0.052 0.029 
40 0.05 3.51 2.01 <0.02 0.012 0.023 0.62 0.045 0.025 
41 0.075 2.08 <0.02 0.013 0.60 0.045 0.046 
42 0.10 2.11 <0.02 0.010 0.63 0.044 0.080 
43 0.125 2.05 <0.02 0.011 0.62 0.049 0.094 
44 0.125 3.41 2.10 <0.02 0.016 0.025 0.74 0.073 0.017 0.078 
45 0.125 2.03 <0.02 0.011 0.68 0.056 0.028 0.086 
46 0.125 1.95 <0.02 0.009 0.69 0.055 0.037 0.085 














PROPERTIES 
Maximum 
Tensile Brinell 
Iron Stress, Elongation, Hardness Microstructure 
No. psi % No. 
37 68,100 13 177 Nodular+90%, ferrite 
38 68,100 14 179 Nodular+90% ferrite 
39 66,770 4 183 Nodular+440% ferrite 
40 79,970 12 185 Nodular+50% ferrite 
41 93,370 3 266 Nodular+ 5% ferrite 
42 89,600 2 262 Nodular+ 1% ferrite 
43 95,000 2 274 Nodular+ 14% ferrite 
44 93,590 9 239 Nodular+20% ferrite 
45 100,390 9 242 Nodular+20% ferrite 
46 101,000 9 229 Nodular+ 15% ferrite 





clear that at least 0.09 per cent arsenic can be tol- 
erated without harmful effect on the formation of 
nodular graphite. 

Whether arsenic or tin should be considered as 
subversive elements depends on the type of nodular 
iron required. If the aim is to produce a high 
strength iron with a pearlitic matrix these elements 
may be ignored, but if the aim is to produce a rel- 
atively soft iron of good ductility, either in the as- 
cast condition or after heat treatment, then the 
amounts of tin and arsenic must be kept to a mini- 
mum. 

The results given in Tables 11 and 12 for irons 
44-46, which should be compared with irons 42 and 
43, indicate that cerium may slightly offset the pearl- 
ite stabilizing effect of arsenic. The influence of 
cerium is not pronounced, however, and is of doubt- 








Fig. 15—Iron No. 
52 with 0.13% alu- 
minum. Etched, pic- 

ric acid. X100. 


Fig. 16—Iron No. 
53 with 0.34% alu- 
minum. Etched, pic- 

ric acid. X100. 


Fig. 17—Iron No. 
54 with 0.44% alu- 
minum. Etched, pic- 

ric acid. X100. 





ful practical value if large amounts of arsenic are 
encountered. 


Influence of Aluminum 


Aluminum could inhibit the formation of spheru- 
litic nodules and cause the formation of flake graphite 
structures in magnesium-treated irons. It was, how- 
ever, suggested in this earlier work that aluminum 
caused the retention of sulphur, which in turn caused 
the formation of flake graphite. It will be shown, 
however, that aluminum can have a harmful effect 
even when the sulphur contents are normal for nodu- 
lar irons. 

The results given in Tables 13 and 14 illustrate 
the influence of aluminum and the ability of cerium 
to neutralize its harmful influence. 

Irons Nos. 47 and 48 had structures very similar 
to that already illustrated in Fig. 2. Minute traces 
of a flake form of graphite were present in irons Nos. 
49, 50 and 51 containing 0.07, 0.08 and 0.10 per cent 


MAGNESIUM- TREATED NODULAR CAstT IRON 


Fig. 18—Iron No. 
58. Etched, picric 
acid. X100. 


Fig. 19—Iron No. 

59 with 0.02% tit- 

anium. Etched, pic- 
ric acid. 100. 


Fig. 20—Iron No. 

60 with 0.03% tit- 

anium. Etched, pic- 
ric acid. 100. 


Fig. 21—Iron No. 

61 with 0.04% tit- 

anium. Etched, pic- 
ric acid. X100. 





aluminum, respectively, but this did not appear to 
influence the mechanical properties. More of this 
flake graphite occurred in iron No, 52 containing 0.13 
per cent aluminum, and this was accompanied by a 
sharp drop in the elongation value. Figure 15 shows 
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TABLE 13—-CHEMICAL ANALYSES OF IRONS WITH 
VARIOUS AMOUNTS OF ALUMINUM 





Composition, Per Cent 








Iron % Al — 

No. Added T.C. Si Mn Ss P Ni Mg Ce Al 
47 0.00 3.48 2.07 <0.02 0.008 0.019 0.74 0.068 

48 0.052 2.10 <0.02 0.011 0.73 0.070 0.04 
49 0.103 3.36 2.00 <0.02 0.015 0.029 0.89 0.076 0.07 
50 0.130 2.05 <0.02 0.010 0.86 0.076 0.08 
51 0.160 2.01 <0.02 0.011 0.89 0.079 0.10 
52 0.22 2.01 <0.02 0.013 0.90 0.078 0.13 
53 0.33 3.26 2.09 <0.02 0.009 0.024 0.72 0.060 0.34 
54 0.44 2.15 <0.02 0.007 0.71 0,064 0.44 
55 0.55 2.09 <0.02 0.008 0.73 0.057 0.49 





56 0.55 3.34 2.00 <0.02 0.009 0.023 0.61 0.072 0.008 0.54 
57 0.55 1.94 <—0.02 0.009 0.66 0.050 0.024 0.55 





TABLE 14—EFFecr oF ALUMINUM ON MECHANICAL 











PROPERTIES 
Maximum 
Tensile Brinell 
Iron Stress, Elongation, Hardness Microstructure 
No. psi % No. 
47 66,790 20 162 Nodular+10% pearlite 
48 68,540 18 174 Nodular+10% pearlite 
49 69,848 17 170 Nodular+trace flake 
+10% pearlite 
50 67,424 20 158 Nodular+trace flake 
+10% pearlite 
51 67,648 18 160 Nodular-+trace flake 
+10% pearlite 
52 62,290 6 164 Nodular-+-little flake 
+10% pearlite 
53 57,570 9 148 Flake+-nodules+5% 
pearlite 
54 56,000 8 148 Flake+5% pearlite 
55 55,370 6 152 Flake+-nodules+ 
5% pearlite 
56 61,840 19 151 Nodular-+-100% ferrite 
57 63,148 19 152 Nodular+5% pearlite 
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that of the total concentration of subversive element 
only a small fraction appears to contribute to the sub- 
versive effect. . 


Influence of Titanium 


Titanium probably occurs more frequently in 
foundry pig irons in amounts capable of easy de- 
tection than any other subversive element. Its in- 
fluence on microstructure is illustrated in Figs. 18, 
19, 20 and 21, showing the general structures of irons 
Nos. 58, 59, 60 and 61, respectively, the chemical 
analyses and mechanical properties of which are given 
in Table 15. 

Traces of a flake form of graphite can be seen in 
Fig. 19. Figure 20 shows still more flake graphite, and 
Fig. 21 a further increase in this constituent. In this 
series the amount of flake graphite was insufficient to 
have any marked effect on the mechanical properties 
examined. 

The influence of titanium depends very consider- 
ably upon the magnesium content and the section size 
into which the metal is cast. This can be illustrated 
by considering the structures of the samples, the 
analyses of which are given in Table 16. 


TABLE 16—CHEMICAL ANALYSES—TITANIUM AND 











MAGNESIUM 
Composition, Per Cent 

Iron 

No. T.C. Si Mn S P Ni Mg Ti 
62 391 2.16 027 0.022 0.05 0.31 0.043 0.08 
62 3.84 2.18 0.43 0.050 0.08 
64 3.95 2.18 0.59 0.075 0.08 
65 3.87 2.30 1.07 0.117 0.08 








the structure of this iron and the small amount of 
flake graphite can be clearly seen 

Iron No. 53 had a compacted flake form of graph- 
ite together with somewhat imperfectly formed nod- 
ules, as illustrated in Fig. 16. Iron No. 54 with 0.44 
per cent aluminum had no spherulitic nodules and 
all the graphite was in the form of compacted flakes, 
as shown in Fig. 17. Iron No. 55 had a structure very 
similar to that of iron No. 53. 

Irons Nos. 56 and 57 treated with cerium had 
graphite structures consisting entirely of spherulitic 
nodules in a completely ferritic matrix. It should be 
noted that iron No. 56 contained only 0.008 per 
cent cerium, and yet this was sufficient to neutralize 
the harmful effect arising from more than 0.5 per 
cent aluminum. More will be said later on the 
amount of cerium required to neutralize the sub- 
versive elements, but in passing it might be inferred 


Standard 1.2 in., 0.875 in. and 0.6 in. test bars were 
cast from each composition. Such test bars are un- 
suitable for studying the mechanical properties of 
nodular irons, but serve admirably to demonstrate the 
effect of section size. Figures 22, 23, 24 and 25 show 
the structures of the 1.2-in. bars of irons Nos. 62, 63, 
64 and 65, respectively. It can be seen that the amount 
of flake graphite decreases in a uniform manner with 
increasing magnesium content, 

Figure 26 shows the structure of the 0.6-in. bar cast 
from composition No. 64, and should be compared 
with Fig. 24. The decrease in amount of flake graph- 
ite with a decrease in section size is clearly seen. Fig- 
ure 27 shows the structure of 1.6-in. bar from composi- 
tion No. 65 with 0.117 per cent magnesium. Figure 27 
should be compared with Fig. 25. The increase in 
amount of flake graphite with increasing section is 
again apparent. 

The present author® has suggested this structure de- 


TaBLeE 15—-CHEMICAL ANALYSES AND INFLUENCES OF 
TITANIUM ON PHYSICAL PROPERTIES 











Composition, Per Cent Maximum ‘ Brinell 
lron Ir. Stress, Elonga- Hardness 
No. T.C. Si Mn S P Ni Mg Ti psi tion, % No. 

58 3.60 2.06 <0.02 0.012 0.024 0.76 0.056 68,800 19 170 
59 2.11 <0.02 0.012 0.81 0.062 0.02 71,000 12 179 
60 2.12 <0.02 0.013 0.76 0.068 0.03 70,750 15 178 
61 2.07 <0.02 0.010 0.75 0.060 0.04 75,000 15 185 
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pendence on magnesium content and section size to be 
a property of all magnesium-treated hypereutectic 
nodular irons, but it is now known to be a function of 
the subversive element content of the base iron used. 
With very low subversive element contents, nodular 


Fig. 22—Iron No. 
62. 1.2 in. diameter 
bar with 0.043% 
magnesium. Etched, 
picric acid. 100. 


Fig. 23—AIron No. 
63. 1.2 in. diameter 
bar with 0.050% 
magnesium. Etched, 
picric acid. X100. 


Fig. 24—Iron No. 
64. 1.2 in. diameter 
bar with 0.075% 
magnesium. Etched, 
picric acid. 100. 


Fig. 25—Iron No. 
65. 1.2 in. diameter 
bar with 0.117% 
magnesium. Etched, 
picric acid. X100. 
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Fig. 26—Iron No. 
64. 0.6 in. diameter 
bar with 0.075% 
magnesium. Etched, 
picric acid. 100. 


Fig. 27—Iron No. 
65. 0.6 in. diameter 
bar with 0.117% 
magnesium. Etched, 
picric acid. X 100. 





irons can be made in a wide range of section sizes pro- 
vided the magnesium content is in excess of 0.04 per 
cent. 

Cerium is capable of neutralizing the subversive 
effect of titanium, as is shown by the results given in 
Table 17. 

Irons 66-71 were prepared from British pig irons 
and irons 72 and 73 from an American pig iron, In 
each case the addition of a small amount of cerium 
has produced a marked improvement in the tensile 
strength due to the replacement of a mixed flake and 
nodular graphite structure by a completely nodular 
graphite structure. 


Influence of Copper 


The influence of copper in nodular cast irons de- 
pends very considerably upon the subversive element 
content of the materials. The effect of copper on the 
formation of nodular graphite is not completely un- 
derstood and much further work remains to be done. 
Copper appears to make nodular cast irons more sensi- 
tive to the effect of subversive elements. 

In the absence of substantial amounts of subversive 
elements, the present investigator has produced good 
nodular structures with copper contents of up to 3 per 
cent. With relatively high nickel contents, i.e., with 
5-20 per cent nickel, the amount of copper which can 
be tolerated in the presence of subversive elements is 
increased. The harmful effects introduced by copper 
can be neutralized completely by the addition of small 
amounts of cerium. 

Table 18 gives the analyses and mechanical proper- 
ties of a series of nodular cast irons with increasing 
copper contents prepared from the Swedish iron. 
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Maximum 
Compositon, Per Cent Tensile Brinell 
Iron Stress, Hardness 
No. T.C. Si Mn S P Ni Mg Ce Ti psi No. 
66 3.71 2.45 0.69 0.010 0.053 0.86 0.055 0.07 64,000 239 
67 2.40 0.70 1.15 0.095 0.07 78,900 260 
68 3.83 2.34 0.66 0.021 0.78 0.051 0.007 0.08 98,600 263 
69 3.58 2.80 0.70 0.011 0.054 1.15 0.056 0.09 68,500 262 
70 2.75 0.68 1.46 0.090 0.09 75,600 260 
71 3.71 2.94 0.66 0.010 0.85 0.056 0.016 0.08 90,400 241 
72 2.88 2.60 0.25 0.009 0.040 0.75 0.065 —_ 0.15 58,000 168 
73 2.54 0.25 0.013 0.040 0.75 0.050 0.039 0.16 80,000 205 





TABLE 18—-EFFECT OF INCREASING COPPER CONTENTS 





hea Max. Brinell 
Composition, Per Cent Tensile Hard- 


Iron Stress, ness 








No. T.C. Si Mn S P Ni Mg Cu psi No. 

74 3.22 2.12 <0.02 0.012 0.025 0.80 0.10 63,800 152 
75 2.01 < 9.02 0.015 0.79 0.065 0.27 82,900 213 
76 1.95 < 0.02 0.016 0.76 0.062 0.60 110,480 262 
77 3.33 1.96 <0.02 0.014 0.83 0.078 2.35 107,500 278 
78 2.06 <0.02 0.013 0.83 0.071 3.13 116,500 306 





All of these irons had good nodular structures. Iron 
No. 74 without copper had a matrix of 95 per cent 
ferrite and 5 per cent pearlite. Iron No. 75 with 0.27 
per cent copper had about 50 per cent ferrite and 50 
per cent pearlite, and all the other irons of this series 
had completely pearlitic structures. In this series, 3 
per cent copper was without harmful effect on nodu- 
lar graphite formation. 

Table 19 gives the analyses and mechanical proper- 
ties of a series of irons with increasing copper con- 
tents, all prepared from a base iron containing titan- 
ium. 

Iron No. 79 had an almost completely nodular 
graphite structure with traces of a flake form of graph- 
ite in a matrix of pearlite. This structure is shown in 
Fig. 28. The small amount of the flake form of graph- 
ite is caused by the titanium present in this iron. Iron 
No. 80, with 1.15 per cent copper, had a flake form of 
graphite in a matrix of pearlite with a few spherulitic 


Fig. 28—Iron No. 

79 with 0.04% tit- 

anium. Etched, pic- 
ric acid. X100. 


Fig. 29—Iron No. 
80 with 0.04% tit- 
anium and 1.15% 
copper. Etched, pic- 
ric acid. 100X. 


TABLE 19—EFFECT OF COPPER WITH TITANIUM PRESENT 





























Composition, Per Cent Maximum  Brinell 
Iron c Tensile Hardness 
No. T.C. Si Mn S P Ni Mg Cu Ti Stress, psi No. 
79 3.32 2.19 0.45 0.011 0.058 2.09 0.076 = 0.04 103,000 290 
80 2.20 0.44 0.010 2.29 0.094 1.15 79,000 299 
81 2.22 0.42 0.003 2.37 0.131 1.96 57,400 278 
82 2.28 0.44 0.012 2.38 0.148 2.78 48,400 278 
TasBLe 20—EFFEcT OF CERIUM WITH CoPpPER AND TITANIUM PRESENT 
Composition, Per Cent Maximum  Brinell 
Iron Tensile Hardness 
Ne. TG Si Mn S P Ni Mg Cu Ce Ti Stress, psi No. 
83 3.26 2.07 0.43 0.026 0.060 2.03 0.061 — 0.025 0.03 102,800 295 
84 2.24 0.43 0.023 2.20 0.057 1.20 0.024 97,800 $21 
85 2.18 0.42 0.025 2.19 0.069 1.89 0.025 105,000 337 
86 2.20 0.42 0.026 2.27 0.085 2.65 0.027 106,000 331 
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nodules, as is shown in Fig. 29. Iron No. 81, with 1.96 
per cent copper, had still less nodular graphite, and 
iron No. 82, with 2.78 per cent copper, had somewhat 
coarser flake graphite with only a few nodules. This 
series shows that in the presence of 0.04 per cent titan- 
ium even approximately | per cent copper is sufficient 
to seriously interfere with the formation of nodular 
graphite. 

Table 20 gives the analyses and mechanical proper- 
ties of a similar series to that of Table 19, but a small 
addition of cerium was made to each iron. 

All of these irons had good nodular graphite struc- 
tures in matrices of pearlite. The small amount of 
cerium present completely neutralized the combined 
harmful effects of copper and titanium. 

The results given so far demonstrate the danger of 
using copper-magnesium alloys for the introduction of 
magnesium into nodular cast iron melts, particularly 
in the presence of subversive elements such as titan- 
ium. This difficulty can be overcome by the use of 
cerium additions and, in particular, by the use of 
copper-magnesium-cerium alloys. Table 21 gives the 


TABLE 21—Errect or Cu-MG ANp Cu-Mc-CE 











ADDITIONS 

Max. Brinell 

Composition, % Tensile Hard- 

Iron Ses __.._— Stress, ness 
No. T.C. Si Mn S P Cu Mg Ce psi No. 
87 3.38 1.97 0.61 0.009 0.055 0.99 0.042 =: 49,300 245 
88 2.04 0.59 0.005 1.51 0.071 -- 46,700 239 
89 2.05 0.62 0.015 1.37 0.070 0.027 111,200 293 
90 2.01 0.59 0.012 1.46 0.096 0.042 103,900 288 





analyses and mechanical properties of four irons pre- 
pared from an iron containing titanium, The first two 
of these irons were prepared using a copper-magne- 
sium alloy containing 15 per cent magnesium; the 
other two irons were prepared using a copper-mag- 
nesium-cerium alloy containing 14.2 per cent mag- 
nesium and 2.2 per cent cerium. 

These irons contained 0.07 per cent titanium. Irons 
No. 87 and 88 had flake graphite structures in a ma- 
trix of pearlite, whereas irons Nos. 89 and 90 had 
good nodular graphite structures in pearlite. 


Amount of Cerium for Neutralization 


Some interest, both theoretical and practical, at- 
taches to the amount of cerium required to neutralize 
subversive elements. A final statement on this point 
can only be prepared after considerable work, but for 
the present it will suffice to say that very small 
amounts of cerium are capable of neutralizing consid- 
erable quantities of subversive elements. This is illus- 
trated by the results given in Table 22. 

Both of the irons contained lead and titanium in 
substantial amounts. Iron No. 9] was treated with 
magnesium, but not with cerium, and had a structure 
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of flake graphite in a matrix of pearlite. Iron No. 92 
was treated with a very small amount of cerium in 
addition to magnesium, and the residual content of 
less than 0.005 per cent cerium was sufficient to neu- 
tralize the combined subversive effects from 0.019 per 
cent lead and 0.08 per cent titanium. This iron had a 
completely nodular graphite structure in a matrix of 
pearlite. 
Summary and Conclusions 


A very brief account has been given of some of the 
work carried out by the author in the laboratories of 
the British Cast Iron Research Association on the sub- 
ject of the influence of subversive elements on the 
production of nodular graphite structures by the use 
of magnesium. It has been shown that very small 
amounts of lead, antimony, bismuth and titanium in- 
hibit the formation of nodular graphite. Aluminum 
has a similar effect. The influence of copper is com- 
plex and depends upon whether the iron contains sub- 
versive elements such as titanium, in which case even 
as little as 1 per cent copper can cause the formation 
of substantial amounts of flake graphite. 

Arsenic in amounts up to 0.09 per cent and tin in 
amounts up to 0.04 per cent have been studied and 
found to be without harmful effect on the formation 
of nodular graphite. However, these two elements 
have a powerful influence in causing the formation of 
pearlite in irons which would otherwise contain sub- 
stantial amounts of ferrite. 

It has been shown that cerium is capable of neutral- 
izing the harmful effects of titanium, lead, bismuth, 
antimony, aluminum and copper. The amount of 
cerium required appears to be very low. 

It is not expected that all of the possible subversive 
elements have been dealt with, but it is thought that 
those mentioned are the most important from the 
practical point of view. 

It has been found that the cerium used for neutral- 
izing the subversive elements may be added to the 
molten metal prior to, simultaneously with, or subse- 
quent to the addition of the magnesium. The cerium 
may be added as misch metal or as some alloy contain- 
ing misch metal or cerium. The present writer has 
found it convenient to use nickel-magnesium-cerium 
alloys containing 10-18 per cent magnesium and 0.5-3 
per cent cerium. The use of such alloys permits the 
production of nodular cast irons irrespective of the 
subversive element content of the melting stock, and 
thus increases considerably the range of raw materials 
available for the process. 

Subversive elements do not, however, always arise 
from the melting stock, but may be introduced into 
the melt from contaminated refractories. Lead, anti- 
mony and bismuth are quickly absorbed by hot refrac- 
tories such as furnace and ladle linings, and are grad- 
ually transferred from the refractories to molten metal 


TABLE 22—-CERIUM NEUTRALIZING EFFECT ON SUBVERSIVE ELEMENTS 





Composition, Per Cent 


Iron 


Maximum Brinell 
Tensile Hardness 





No, Z.¢ Si Mn S P Ni 





Mg Ce Pb Ti Stress, psi No. 














0.047 


92 2.23 0.70 0.010 0.71 





0.70 











0.051 — 0.020 0.08 22,400 189 
0.056 < 0.005 0.019 0.08 103.000 260 
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on each successive contact. Thus a ladle lining con- 
taminated with lead may continue to introduce. lead 
into several successive taps of molten metal. The addi- 
tion of cerium can completely neutralize the harmful 
effects arising from such refractories. 

There is some desire to avoid the use of nickel as a 
means of adding magnesium to nodular iron melts on 
account of the high cost and present short supply of 
this element. Nevertheless, in the author's experience, 
nickel-base alloys are technically superior to all other 
alloys which have been tried. 

Copper-base alloys have been suggested and used 
for the production of nodular cast irons. The results 
presented in this paper have demonstrated the danger 
of introducing copper into nodular cast irons, but by 
using copper-magnesium-cerium alloys this danger 
would be avoided. Unfortunately, the yield of mag- 
nesium from copper-magnesium alloys having 10-18 
per cent magnesium is not as good as that from the 
corresponding nickel-base alloys. 

It might, however, be practicable to use copper-base 
alloys containing 25-40 per cent magnesium and 1-6 
per cent cerium. With these alloys the yield calcu- 
lated on the basis of the amount of magnesium added 
is very low, but it appears that the yield calculated on 
the total weight of addition used can be as good as 
that when using nickel-base alloys. On account of the 
relatively high cost of cerium one would endeavor to 
use as little of this element as possible, but the results 
available so far indicate that only very small amounts 
are necessary. 
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DISCUSSION 


Chairman: A. P. GAGNEBIN, International Nickel Co., New 
York. . 

Co-Chairman: R. SCHNEIDEWIND, University of Michigan, Ann 
Arbor. 

Recorder: G, A. Timmons, Climax Molybdenum Co., Detroit. 

A. B. Everest:* This paper is of great interest particularly 
to industries in Europe where their pig irons and scrap contains 
greater quantities of subversive or interfering elements than are 
found in the raw materials in the United States. 

Since the cerium process and the magnesium-nickel process are 
both being used for the production of spheroidal graphite irons, 
it is a challenge to try combinations of both. 

W. STEVEN AND R. M. Lams (Written discussion presented by 
Dr. A. B. Everest): We were privileged to see a copy of Mr. 
Morrogh’s excellent paper before this meeting, and welcome the 
opportunity thus provided, of contributing to its discussion. 

As indicated in the introduction to the paper, the effect of 
residual subversive elements on the development of spheroidal 
graphite was clearly indicated in the original Inco-Mond patents 
covering the magnesium process but since then, little has been 
published on this undoubtedly important subject. Considerable 
further work has however, been completed at the Bayonne La- 
boratories of The International Nickel Co. Ltd., and at the 
Birmingham Laboratories of The Mond Nickel Co, Ltd., and it 
is pleasing to see how closely our results agree with those now 
published by Mr. Morrogh. 

We agree with Mr. Morrogh’s list of those elements which 
interfere with the development of spheroidal graphite, but would 
add indium and thallium. Both of these elements exert appre- 
ciable effects in small amounts, but fortunately neither occurs 
in commercial irons to a dangerous extent. They are therefore, 
only of academic interest. 

We also note with interest the evidence for the effects of trace 
elements on pearlite formation. Our experience suggests that 
copper, arsenic, antimony, bismuth, lead, indium, tin and thal- 
lium promote the formation of pearlite in as-cast structures, but 
that titanium has no significant effect. 

Experience has shown that the effects of interfering elements 
are additive. Thus, traces of two or more elements present in 
amounts which individually would have no significant effect, 
may together adversely affect the formation of spheroidal graph- 
ite. This is illustrated by Fig. A, which shows the effect of 
copper on the percentage of spheroidal graphite developed in 
two different base irons, one of relatively high purity (Swedish 
charcoal pig) and the other containing normal amounts of trace 
elements. More direct evidence is provided by Fig. B, which 
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shows, in a similar manner, the effect of lead on the graphite 
of the same base iron with and without an addition of 0.1 per 
cent titanium. These diagrams clearly demonstrate that the 
effect of an individual element can be reliably assessed only from 
tests on irons of the highest purity and that the likely response 
of a commercial iron to magnesium treatment can be judged 
only from a consideration of its contents of each of the inter- 
fering elements. 

The feature of greatest commercial interest in Mr. Morrogh’s 
paper, however, is his report of the results he has obtained with 
combined additions of magnesium and mischmetal. We can 
confirm that mischmetal, whether added before, after or together 
with the magnesium alloy will neutralize the effects of the im- 
portant known interfering elements, and can also offer some in- 
formation on the amount of mischmetal required to exert an 
effective influence. Our tests have shown that an addition of only 
0.005 per cent of mischmetal (1.8 0z/ton), added after the magne- 
sium alloy, is sufficient to neutralize completely the trace elements 
present in a badly contaminated iron and smaller amounts are 
sufficient for most of the contaminated irons encountered com- 
mercially. Positive effects have been observed with additions of 
mischmetal as small as 0.001 per cent. If however, the misch- 
metal is added before the magnesium alloy, or together with the 
magnesium alloy, either as an alloy or as a mixture, a proportion 
of the rare earth metals is lost as sulphides and greater additions 
are required to exert the same improvement. This effect is of 
course, greater the higher the initial sulphur content of the iron 
treated. 

Examples of the effect of mischmetal are provided by the test 
results presented in Table A, which refer to the treatment of an 
izon of low initial sulphur content (0.02 per cent), deliberately 
contaminated with interfering elements. 


TABLE A 





% Spheroidal 


Mg content of graphite in 





No. Additions test bar** test bar 
A 1% Ni-Mg*** alloy 0.067 less than 1% 
B 0.01% mischmetal followed 0.094 90-100 
by 1% Ni-Mg alloy 
Cc 1% Ni-Mg alloy, containing 0.076 90-100 
0.5% mischmetal 
D 1%, Ni-Mg alloy followed by 0.067 90-100 


0.005% mischmetal 


* All melts were finally inoculated with 0.5% silicon added as 
ferro-silicon 
** 20-in. diam bar cast in green sand mold. 
*** 150% Mg, 85% Ni. 





The table shows that when treated in the normal manner 
(treatment A) the iron developed practically no spheroidal 
graphite. When 0.01 per cent of mischmetal was added before 
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the magnesium alloy (treatment B) an almost fully spheroidal 
graphite structure was developed. Tests not included in the 
table showed that smaller additions of mischmetal, added at this 
stage of the treatment, effected an improvement, but were not 
sufficient to neutralize completely the interfering elements pres- 
ent. The iron of test C was treated with a Ni-Mg alloy which 
had previously been alloyed with 0.5 per cent mischmetal. The 
mischmetal added during the treatment was therefore equivalent 
to 0.005 per cent and this was sufficient to restore completely the 
spheroidal graphite structure. Treatments with alloys of lower 
mischmetal content only partially restored the graphite struc- 
ture. in test D, the mischmetal was added after the Ni-Mg alloy 
and although 0.005 per cent developed a fully spheroidal graph- 
ite structure, smaller amounts proved insufficient. 

It is of interest to record here that tests have shown that cerium 
is the most potent of the constituents of mischmetal in neutral- 
izing interfering elements, but that lanthanum and the other 
rare earths also contribute an appreciable effect. 

There is little doubt that the use of the rare earths to neu- 
tralize the effects of trace elements will prove of considerable 
commercial value—particularly in those countries less favored 
with raw materials of high purity than the United States. 

C. K. Donono:? Is calcium beneficial in neutralizing subver- 
sive elements? 

Mr. Morrocu: Calcium is not effective in neutralizing sub- 
versive elements. Although calcium can be used to produce 
spheroidal graphite irons, it is subject to the effects of subversive 
elements as is magnesium-nickel alloy. 

C. F. Watton:* I merely want to confirm Mr. Morrogh’s 
findings concerning the effects of subversive elements. 

Memser: What is the influence of zinc on the formation of 
spheroidal graphite? 

Mr. Morrocu: The original experiments involved the control 
of the graphite formation in nickel-carbon alloys. In this inves- 
tigation we found that a number of different elements caused 
spheroidal graphite formations; zinc and cadmium were among 
these elements. We had experimented with zinc and cadmium 
to produce spheroidal graphite in gray iron. Most of the experi- 
ments were unsuccessful, but one or two of these experiments 
would indicate that zinc “encourages” formation of spheroidal 
graphite. 

T. E. EaGan:* Subversive elements have been found in pig 
irons of the United States. We attribute the inconsistent results 
in the production of spheroidal graphite irons to lack of con- 
sideration for the presence of subversive elements. Mr. Mor- 
rogh’s paper is an unusually valuable and timely contribution 
to the subject of nodular gray iron. Many producers will bene- 
fit by a study of this paper. 

A. P. GAGNEBIN: * I want to point out the importance of trace 
elements on pearlite stability in addition to their effect on the 
formation of spheroidal graphite. 


1 Mond Nickel Co., Birmingham, England. 

* American Cast Iron Pipe Co., Birmingham, Ala. 
* Case Institute of Technology, Cleveland. 

* Cooper-Bessemer Corp., Grove City, Pa. 

5 International Nickel Co., New York. 








HIGH STRENGTH NONHEAT-TREATED ALUMINUM 
CASTING 


By 


ALLOYS 


Walter Bonsack* 


The desire of a Design Engineer is to design a 
casting which will adequately serve the purpose for 
which it is intended. Frequently high strength is a 
very important factor. In designing for aluminum 
alloy castings, the engineer may choose two courses: 
these are (a) make the section of the casting heavy 
and apply a high safety factor or (b) choose the 
strongest alloy. 

Heavy sections, however, mean extra weight and 
usually added cost. Use of high strength aluminum 
alloys, therefore, seems to indicate an attainment of 
the ideal. We must utilize a standard for measure- 
ment and for the discussion of the newer alloys by 
drawing on the older alloys for comparison. This 
discussion by necessity includes data not only on 
the present high strength alloys, but on the older 
alloys as well. 

Up to relatively few years ago, one thought auto- 
matically of heat treated casting alloys when the 
term “high strength” was mentioned. Today other 
alloys must be considered within the same term. 
These modern alloys generally do not require heat 
treatment, but if some of them are heat treated they 
will surpass the properties generally found in the 
older more common alloys by a large margin. The 
newer high strength alloys are mostly of the same 
general type. They are aluminum alloys containing 
magnesium and zinc as major alloying elements. 
Other minor alloying elements are added to enhance 
some special property of the alloy. 

In obtaining a basis of comparison it is important 
to remember that alloy qualities are measured in 
different ways. The design engineer is intererested 
primarily in the mechanical and possibly some of 
the physical properties. He will consider alloy qual- 
ity in terms of strength, ductility, toughness, machin- 
ability and other characteristics. The foundryman 
who produces the casting will think about fluidity or 
castability, shrinkage, melting difficulties and other 
factors which are his primary concern. 

When the design engineer considers high strength, 
he refers to tensile strength, yield strength, compres- 
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sion, shear strength and usually ductility connected 
with this strength. Since fairly high strength can be 
obtained by straight alloying only, ductility also must 
be considered since the combination of the two pro- 
vide a sounder yard-stick. An alloy can be rendered 
stronger by solely increasing alloying elements, but 
ductility is lost rapidly and the resultant strong and 
brittle alloy has but few applications. One finds by 
choosing the composition within a usable property 
area that most common aluminum alloys range in 
strength from 17,000 to 40,000 psi and in ductility 
from 12 to 0 per cent. This spread is caused not only 
by alloying but by the different methods of casting 
and heat treatment. 

Casting methods include sand, permanent mold 
and die casting. Die casting is highly specialized. Its 
application is limited primarily by the amount of 
castings required in production to amortize the die, 
and also by the weight and dimensions of the casting. 
To simplify this discussion, die casting will not be 
discussed. By abstaining, however, the highest strength 
range of aluminum alloys is automatically eliminated 
from the discussion. For the remaining casting meth- 
ods, sand and permanent mold, the tensile strength 
ranges from 17,000 to 35,000 psi in the as-cast state 
and the ductility or elongation varies between 12 and 
0 per cent. Aluminum alloys can be heat treated to 
improve these properties. Such treatment will pro- 
duce either higher strength or ductility depending on 
the alloy and the treatment applied. Heat treatment, 
however, means expense. It is an extra procedure and 
as such calls for equipment, fuel, and handling as 
added costs in making a casting. 


Alloying Elements in Aluminum 


Not all aluminum alloys are heat treated. Some do 
not respond to heat treatment or the gain in prop- 
erties is too small to warrant the expenditure in- 
volved. These facts cause the elimination of a num- 
ber of well-known casting alloys from the list of 
high strength alloys. The remainder are shown in 
Table 1 which gives their nominal composition. It is 
interesting to note that there are only three major 
alloying elements—copper, magnesium and silicon— 
with all others classed either as minor elements or as 








TABLE 1—NOMINAL COMPOSITION* 





Permanent Mold Casting Alloys Sandcasting Alloys 








Cu Mg Si Others Cu Mg Si Others 
1 col 10 02 10 — 10 0.25 1.0 - 
2 cn2]l 4 15 — 2 Ni 4 1.5 — 20 Ni 
3 cst 4 — 20 — Cl 4 - - - 
4 sc8 " r 
5 9 "es = = $5 + 65 — 
6 sc2l 15 05 55 — 15 05 5.5 - 
7 sc4l 15 0.7 12 0.6Mn _ - — - 
8 scl — 0.3 7 - _— 0.3 7 ~~ 
9 sn41 1010 12 2. Ni - _ - — 
10 sc42. 1.5 0.4 8 04Mn IS 4 8 0.4 Mn 
11 G3 - - - - — 10 - ~ 





* See Table 5 in Appendix. 

impurities. As indicated in Table 1, most of the 
alloys can be used for both sand and permanent mold 
casting. Each group nevertheless has a few which 
are used for but one type of casting method, as for 
example alloys Cl and G3 in sand casting, and such 
alloys as SC41 and SN41 in permanent mold. A few 
of the alloys such as CG1, CN21, SC41 and SN21 have 
specific uses. These four alloys are used primarily for 
pistons and cylinder heads. Remaining are about six 
alloys in each casting group which constitute the 
high strength alloys. 

Heat treatment of common aluminum alloys in 
order to gain high strength and increased ductility 
usually consists of a solution treatment, a quench 
and an aging treatment. Depending on the method of 
casting and the wall thickness of the casting, the 
solution treating time may vary from 4 to 24 hr at 
a temperature below the solidus temperature of the 
alloy. Depending on the final result desired, the 
aging treatment may be at room temperature or it 
may be at slightly elevated temperatures between 250 
and 500 F. Most of the alloys are sensitive to sud- 
den temperature changes occurring in quenching. 
This results in quench stresses, which can and may 
have to be removed by an aging treatment before 
machining to avoid or minimize distortion. All of 
these alloys when subjected to these treatments suf- 
fer dimensional changes (growth) which must be pro- 
jected in the design and which must be eliminated 
by aging, particularly when the casting is used at 
somewhat elevated temperatures. Aging treatments of 
this order are either of long duration at compara- 
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tively low temperatures or of shorter time at higher 
aging temperatures. The first condition usually af- 
fects the ductility adversely and in the second case 
the strength. 

Either of the heat treatments are expensive since 
they require costly furnace installations and, of course, 
fuel and time consumption. Therefore, whenever a 
high strength aluminum alloy is required for the job 
it is necessary to consider the heat treating cost in 
addition to the alloy cost. 

The alloys previously tabulated develop various 
properties under heat treatment. Table 2 illustrates 
some typical properties obtained under certain heat 
treatments. In this table only a few heat treatments 
of the more common alloys are cited. There is a con- 
siderably larger number, but most of these produce 
special properties not of immediate interest. However, 
these tables are interesting in a number of respects 
when you observe that: 

(a) Permanent mold castings give higher strength 
and ductility for the same alloy. 

(b) Most casting alloys are used in the artificial 
aged condition. 

(c) Most alloys with the exception of G3 produce 
elongations below 10 per cent. 

The above tabulations represent the status of com- 
mercial aluminum alloys prior to and partially exist- 
tent in World War II. It should be observed that 
the only alloy which produces high strength and 
ductility can be cast only in sand, and because it has 
a 10 per cent Mg content it is hard to handle con- 
sistently in the foundry. It is therefore understand- 
able that a great demand exists for alloys which are 
stronger and more ductile without the added ex- 
pense and time of heat treatment. 

Alloys meeting these requirements were available 
long before World War II. As with most innovations, 
however, it requires not only time and patient re- 
search to develop them to their fullest advantage, but 
the process of introducing the alloys and educating 
users further slows their application. Frequently it 
depends on who develops the alloys, who fosters them 
and how much aggressive effort is spent acquainting 
users with the alloys. 

In the early 1920’s in Germany, Guertler and Sand- 
er! discovered the tremendous hardening and strength- 


TasiLe 2—HIGH STRENGTH ALUMINUM CasTING ALLoys (HEAT TREATED) 
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ening effect of the compound MgZn, on aluminum. 
This compound not only raised the strength, yield 
strength and hardness of aluminum, but did not de- 
crease the ductility in the usual rapid manner as, for 
example, compound Mg,Si did in duralumin. There 
is, however, a shadow on the bright picture painted 
here on their discovery. This development resulted 
during a period of development and introduction of 
the aluminum-silicon and aluminum-silicon-magnes- 
ium alloys. While these alloys did not provide the 
properties which the Al-Zn-Mg alloys indicated, they 
nevertheless gave foundrymen a series of alloys which 
were easier to cast and gave improved, sounder cast- 
ings over any alloy previously used. One cannot, 
therefore, blame the foundryman for reaching pri- 
marily for an alloy group which considerably eased 
his work. Being enthusiastic about these AI-Si alloys, 
they were not interested in alloys which, while giving 
much superior properties, were somewhat more dif- 
ficult to handle in the foundry. If the literature of 
the 20’s and early 30’s is followed closely, one finds 
the Al-Zn-Mg alloys buried among the work then 
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ing alloys found an even more powerful hardening 
and strengthening element in the ternary compound 
Mg;Zn;Al,. Out of this discovery a series of new al- 
loys were develcped.® These alloys generally speak- 
ing have lower zinc content than the above-mentioned 
40E but have a considerably higher Mg content. 

Other investigators either dwelled on the Guertler- 
Sander type alloy or increased the Zn content con- 
siderably and lowered the Mg content. The latter 
alloy is known as Tenzaloy and others as alloys A612 
and C612. These three types of alloys have been 
used to various extents and lately have been added 
to the list of aluminum casting alloys of ASTM. 
Tables 3 and 4 give the composition of these alloys. 
The main variables, as mentioned, are Zn and Mg. In 
the first three alloys Zn ranges from 5.2 to 8.0 per 
cent and Mg from 0.2 to 0.8 per cent. In the last 
two, however, Zn is lower and ranges from 2.6 to 4.5 
per cent while Mg ranges from 1.4 to 2.4 per cent. 
This difference sets these two alloys apart from the 
other three within the same group. 






























































































































ment. MIN.~ REQUIRCIMICNTS 

A few years later in the United States, however, ¥ Es 
one finds that T. S. Fuller and David Basch? redis- =, PO oe 

a 
covered the value of the Al-Zn-Mg alloys. One large saiaciaaiais FN AAcD CAST WOAGKD 
firm has used this type of alloy for many years in a SONAR, AGL AKO CAST MOAGED 
total amount exceeding 15 million pounds? since its 3 3 
incipiency. Such large usage by one company resulted 5 BS 8a yg 48 
. . . iO an mn w- 
from the many advantages it recognized in these al- 8¢ — 3 NASAS t 2h 
loys to be discussed later. Compstock‘ increased the €h55%a255q N Nan N Q 5 ; 
° ° ° ° Q “ 

properties of this type of alloy by adding Cr and Ti as ‘ f N NNWNA aR 
as alloying elements giving the alloys, as he claims, N N N . N NN N N N RR 
increased corrosion resistance due to Cr and fine grain aN A NAA N NN N NN . . 

. . . . ‘ ‘ 4 
due to Ti. This alloy is known to foundrymen as 40E NNNNNANE NINN N KN 
and has been discussed numerous times in the trade PT) N N NNNNA N N NN N 
journals. eg NNARNA N N NNANAA 

; ‘ AY | N Nee. 
In the middle of the 1930’s the present author in SESERS S55. NESS . 
studying the effect of Zn on existing aluminum cast- Fig. 1 
TABLE 3—ComposiTION OF SANDCASTING ALLOYS 

Alloy Cu Fe Si Mn Mg Zn Cr Ti Ni Others 
Each Total 

zc61A 0.3 1.0 0.25 0.3 0.5-0.65 5.2-6.0 0.4-0.6 0.10-0.25 -- 0.05 0.2 

zc81a 0.4-1.0 1.0 0.3 0.6 0.2-0.5 7.0-8.0 0.3 0.2 0.1 0.1 0.2 

zc61B 0.35-0.65 0.5 0.15 0.05 0.60-0.80 6.0-7.0 — 0.20 -- 0.05 0.15 

ZG32A 0.2 0.8 0.2 0.4-0.6 1.4-1.8 2.7-3.3 0.2-0.4 0.2 _ 0.05 ~- 

ZG42A 0.2 0.8 0.2 0.4-0.6 1.8-2.4 4.0-4.5 0.2-0.4 0.2 -- 0.05 — 

TABLE 4—CoMPOSITION OF PERMANENT MoLp ALLoys 

Alloy Cu Fe Si Mn Mg Zn Cr Ti Ni Others 
Each Total 

zc81B 0.4-1.0 1.3 0.3 0.6 0.2-0.5 7.0-8.0 0.3 0.2 0.1 0.1 0.2 

zc60A 0.35—-0.65 1.4 0.3 0.05 0.25—-0.45 6.0-7.0 -- 0.20 — 0.05 0.15 

ZG32A 0.2 0.8 0.2 0.4-0.6 1.4-1.8 2.6-3.3 0.2-0.4 0.2 -—— 0.05 — 


zG42A 0.2 0.8 0.2 0.4-0.6 1.8-2.4 4.04.5 0.2-0.4 0.2 — 0.05 om 
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ALLOYING EFFECT OF AL)MG3ZN3 
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Fig. 2 


For comparison, the properties of a few of the well 
known alloys should be shown. Figure | plainly in- 
dicates these alloys are as good or better than most 
of the heat-treatable casting alloys in this evalua- 
tion. In. fact, considering these minimum figures, 
one finds in general the ductility is higher for the 
same strength figures. In some of these alloys even 
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Fig. 3—Room temperature aging characteristics of sand- 
cast alloys ZG32A and ZG424A. 
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Fig. 4—Room temperature aging characteristics of chill- 
cast alloys ZG32A and ZG42A. 


higher properties can be obtained if one wants to 
utilize solution heat treatments. The discussion to 
this point has been centered generally on a compari- 
son of the older alloys with these new ones. In Fig. 
1 it was shown that these new alloys do not require 
solution heat treatments to be in the same class as 
the older heat-treatable alloys. 

The two alloys ZG32A and ZG42A have been se- 
lected for a detailed discussion as they are two of the 
group of alloys developed by the author and on which 
full data are available. These alloys, as stated before, 
gain their properties by precipitating a ternary Al- 
Mg-Zn complex or compound. As shown in Fig. 2, 
the larger the addition of this phase, the higher the 
strength. It is remarkable, however, how slowly the 
ductility decreases compared to the older known al- 
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Fig. 5—Aging characteristics of ZG32A, chillcast at vari- 
ous temperatures. 
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loys. It should be observed here that Fig. 2 shows the 
alloys in the heat-treated state. This purposely was 
done to illustrate that the alloys are capable of being 
heat treated and that properties unheard of in the 
casting field can be obtained. Tensile strength of 
over 70,000 psi and yield strength of over 60,000 psi 
still with 1 to 2 per cent elongation certainly is re- 
markable. Alloys containing 10 per cent of this tern- 
ary compound are ductile enough to be rolled or 
forged. Sheet rolled of this alloy develops under 
certain heat treatment 88,000 psi tensile strength, 
80,000 psi yield strength and 8 per cent elongation. 
Because these properties are so high in the heat- 
treated state, it is logical to find them also extremely 
high in the as-cast state. 


Being susceptible to heat treatment, it is also logical 
that they age well at room temperatures. Figure 3 
shows the aging curves of two of these alloys when 
sand-cast. These two alloys were chosen by the ASTM 
B-7 Committee because ZG32A represents an alloy 
of good high strength with very high ductility while 
alloy ZG42A has lower ductility but proportionally 
higher yield strength and tensile strength. It should 
be noted the tensile strength of these alloys as sand- 
cast without aging are on a 28,000 to 35,000 psi level 
and the elongation depending on the alloy varies 
from 6 to 12 per cent (Fig. 3). Aging at room tem- 
perature changes these properties quite rapidly but 
after three months they become quite stable, the 
tensile strength level having increased to 36,000 to 
41,000 psi and the elongation having decreased to a 
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Fig. 6—Properties of alloy ZG42A (sandcast) aged at 
100C. 
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2 to 8 per cent level depending on the alloy. The 
same general picture is obtained by chill-casting them, 
but the levels obtained are much higher both in 
strength and ductility. Figure 4 shows the alloys 
when cast in permanent mold. In the freshly cast 
state, the strength level is now 33,000 to 43,000 psi 
and the elongation 12 to 23 per cent depending on 
the alloy. Aging at room temperature increases 
strength to a level of 45,000 to 50,000 psi after three 
month aging and the elongation decreases to a level 
of 6 to 16 per cent. A relation of properties of this 
order should be of considerable interest to the de- 
signer since by simple alloying he can change the 
property relations to his needs and still not change 
at all or only slightly the desirable general charac- 
teristics. 

The high ductility of these alloys right after cast- 
ing also has great advantage because it allows a con- 
siderable amount of cold work to be done to the 
casting without harming it. Bending of the casting 
can be accomplished without cracking. Some found- 
rymen and designers have taken advantage of this 
high ductility characteristic. A striking example of 
this is in a gearshift lever for a large tractor which 
needed two 45-degree offset bends within 6 in. To 
cast this lever with these bends required a complicated 
pattern and parting line arrangement in the mold. 
The lever was cast straight and was then bent into 
final shape without subtracting from its properties. 
This lever had been cast in sand and since the duc- 
tility of chillcasting is nearly double that of sand 
casting, considerable more cold work is possible open- 
ing new avenues for clever designing. 
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CYCLES FAILURE 


Fig. 8 


Aging at Elevated Temperatures 


Although these alloys develop very good properties 
at room temperature, equally good properties can be 
obtained at elevated temperatures. In cases where 
testing or acceptance inspection cannot wait for natur- 
al aging at room temperature, elevated temperatures 
can be used to obtain similar results. Figure 5 shows 
the aging characteristics of alloy ZG32 chillcast when 
aged up to 70 hr at 250 to 400 F. At 250 F the aging 
process is relatively slow but 400 F overaged the alloy 
quite rapidly. In all cases, however, the strength is 
above 34,000 psi and the elongation never lower than 
10 per cent. Even aging at 212 F in boiling water 
promotes faster aging than room temperature. Fig- 
ure 6 illustrates the aging characteristics at this tem- 
perature for alloy ZG42A. Boiling castings for 8 hr in 
water produces almost the same properties that room 
temperature aging produces in three weeks. As it 
can be seen in the diagram, 35,000 psi tensile strength, 
3 per cent elongation, and 26,000 psi yield strength 
can be obtained for sand castings. 

Figure 7 presents the mechanical properties of alloy 
ZG32A when cast in permanent mold and aged for 
various times at 350 F. As mentioned before, 350 F 
is a fairly high aging temperature and tends to age 
the alloys quite rapidly. Still, it is interesting to 
note what properties can be obtained, particularly 
for comparison with common solution heat-treated 
and aged aluminum alloys. Most of these alloys are 
aged between 300 and 400 F. One of the most in- 
teresting curves is that of impact strength. Although 
falling off quite rapidly for the first 8 hr, it begins to 
recover beyond this time. Still, its lowest point 
reached is over 5-ft-lb which is higher than any other 
common commercial heat-treated alloy. The lowest 
elongation level is above 15 per cent and considerably 
higher than for any other alloy. As can be expected 
with this type of heat treatment and with this high 
elongation and impact strength the elastic properties 
are not too high, but compared to many a commer- 
cial alloy they are right in line. The tensile strength 
is competitively between 30,000 and 40,000 psi. 

Figure 8 shows the fatigue strength of an alloy of 
this type when sandcast and aged 4 hr at 350 F. At 





500 million revolutions it shows an endurance limit 
of about 9,500 psi which again is as good or better 
than in most common alloys. 

Figure 9 gives the strength and elongation data of 
ZG42A alloy chillcast and tested at elevated tempera- 
tures. The test used is the standard ASTM short time 
test. The alloy was tested in two conditions: (1) In 
the solution heat-treated and aged state, and (2) in the 
cast and aged state. The aging treatment for both 
was 8 hr at 300 F. It is indicated plainly that the 
solution heat-treated alloy loses its strength propor- 
tionally faster than the non heat-treated alloy. This is 
true for all aluminum alloys. ZG alloys are not 
noticeably affected by heat till the temperatures reach 
250 or even 300 F. Dropping off in strength occurs 
beyond 350 F; the elongation, however, begins to 
climb rapidly beyond 400 F. The relatively fast 
drop of strength at the beginning of the curve in- 
dicates these alloys are not as good as the Al-Cu 
alloys. Therefore, the Al-Mg-Zn alloys do not recom- 
mend themselves for high temperature applications. 


Other Properties 


The specific gravity of alloys ZG32A and ZG42A 
is around 2.75 and the weight per cubic inch 0.096 
lb. The thermal conductivity is about 0.22 (c.g.s. 
units) and the electrical conductivity 26 per cent 
that of Cu. 


Corrosion. The alloys exhibit a very high corro- 
sion resistance and are to be classed with the best. 
The ASTM has these alloys under test in comparison 
with other casting alloys in locations all over the 
country including residential, industrial, seashore and 
subtropical districts. Results on these alloys will not 
be obtained for perhaps a year but short time salt 
solution immersion tests plainly indicated the super- 
iority of these alloy types over the existing ones. 

The color of these alloys is nearly a silvery white 
and their solid solution constitution permits an easy 
high luster polish. Anodic oxidation produces a cast- 
ing of uniform pleasing appearance. 


Brazing. The solidification temperature of these 
alloys is above 1100 F and therefore permits fabri- 
cation of assemblies by brazing. Brazing on alumin- 
um alloys usually is successfully done at temperatures 
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between 1000 and 1100 F. Most common aluminum 
casting alloys will not stand up at these temperatures; 
these alloys, however, will not only stand up but will 
not lose in properties. Brazing of castings to sheet 
or forgings and other types of material therefore is 
possible. 

Machining. Contrary to the case with some alum- 
inum alloys, these alloys because of their composition 
are machined quite freely and milling speeds of 400 
fpm are reported without noticeable wear on the 
cutting tool. 


Heat Treating Affects Dimensions 


Dimensional Stability. Most known aluminum al- 
loys exhibit considerable dimensional changes when 
heat treated or aged. They grow so noticeably in di- 
mensions that this fact has to be considered seriously 
in design and application. The Al-Zn-Mg alloys do 
not grow, in fact to be extremely critical, they never 
indicate but minute shrinkage. Measurements have 
shown a shrinkage of 0.0002 in./in. after 70 hr aging 
at 350 F but only 0.00003 in./in. after 70 hr at 250 F 
aging. After aging 8 hr at 210 F no change in dimen- 
sion could be ascertained. This property alone makes 
the alloys highly desirable for any application where 
dimensional changes, even in a small degree, inter- 
fere with the usefulness of the product. Projectors, 
calculating and business machines, instruments such 
as gyroscopes and others are being made from this 
type of alloy because of its dimensional stability. 

Castability. As mentioned in the beginning of this 
paper, alloys of this type are not as easy to handle 
in the foundry as the AI-Si alloys; however, any good 
foundry will be able to use these alloys to definite 
advantage if they understand their basic nature. Being 
relatively high in Mg content, they must be melted 
with care so that no Mg, or very little is lost. Care- 
ful skimming will give free flowing clean metal. Sec- 
tions as thin as 14 in. can be successfully cast. Feed- 
ing and shrinkage is equivalent to the well know heat- 
treatable 4 per cent Cu alloys and adequate feeding 
and risering will take care of this alleged deficiency. 
It is said that the alloys are apt to crack in permanent 
molds due to hot-shortness. Several ways exist to elim- 
inate this problem. One of the simplest ways is to 
decrease the solidification cycle to prevent any crack- 
ing. Practical experience has shown that castings 
made from this metal must be ejected from the mold 
10 to 20 per cent faster than AlI-Si alloys. This can 
be considered an advantage rather than a drawback 
since proportionally more castings will be produced 
within a given time. Another recommendation is to 
use greater fillet radii; more careful blending of sec- 
tions is desireable for these alloys as for all casting 
manufacture. It will not only make it easier for the 
foundryman to make improved castings but will make 
all castings much stronger. Bean® made this fact very 
clear in his publications and lectures on casting de- 
sign. These alloys are not as sensitive in properties 
in regard to cross-sectional changes as are most com- 
mon alloys. 

A word of caution should be given to the foundry- 
man. The high properties of the alloys depend on the 
Mg-Zn or Al-Mg-Zn complex compounds. These are 
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Fig. 10—Comparison of heat treated casting alloy proper- 
ties non heat-treated Al-Mg-Zn alloys. 


easily destroyed by the addition of silicon. In all 
alloys of this type, it is imperative that the silicon 
content be kept as low as indicated in the specifica- 
tions and, preferably, lower. This means, in addi- 
tion, that contamination with silicon either from sili- 
con alloy scrap or from molding or core sand must 
be avoided. This, of course, is no problem in any 
well kept foundry. 
Summary 


Al-Mg-Zn type alloys are the modern high strength 
alloys. They obtain the same or higher properties 
without heat treatment as provided by the older 
heat-treatable casting alloys. Figure 10 gives a com- 
parison of the typical properties of the older alloys 
with two alloys of the newer type. Typical properties 
of the other three alloys mentioned herein are not 
available, but experience has shown they fall nearly 
within the same range as the two described. Alloys 
of this type require exacting foundry practice and 
are somewhat more expensive than the common al- 
loys due to the high purity metal required by their 
composition. Other important advantages of dimen- 
sional stability, excellent machinability, high luster, 
corrosion resistance and other characteristics make 
them an excellent choice for quality castings. Their 
ability to be brazed make them an exceptional engi- 
neering material. 
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Fig. A—Room Temperature Aging Curve for Sand Cast 
ZG32A. 


Co-Chairman: R. C. BorHM, Wellman Bronze & Aluminum 
Co., Cleveland. 

Recorder: W. J. KLAYER. 

Wo. N. BRaMMER (Written Discussion):* We wish to con- 
gratulate Mr. Bonsack on his excellent paper and to express our 
complete agreement with the points which he brings out. We 
believe the following additional evidence on. the characteristics 
of the ZG32A and ZG42A alloys will supplement his presenta- 
tion. 

The author mentions a milling speed of 400 fpm without 
noticeable wear on cutting tools. One user of ZG32A is milling 
at a surface speed of 2,500 fpm and at times goes up to 4,000 
fpm without lubrication. He has taken cuts up to 1/8 in. at 


1 Apex Smelting Co., Cleveland. 





Fig. C—Street Lighting Pole Plate Castings. 


these speeds, although the metal removed in production is much 
less than this. He also drills a 5/16 in. hole at 3600 rpm drill 
speed and receives excellent finishes at these speeds. 

The remarkable dimensional stability of these alloys is one 
of the most outstanding characteristics, thus it becomes possible 
to obtain optimum results with light weight castings in assem- 
blies of optical systems, binoculars, prism assemblies, gauge 
equipment and many other miscellaneous applications wherein 
precise dimensional accuracy is a prerequisite for ideal opera- 
tion. 

The author, in Figs. 3 and 4 of his paper, offers charts show- 
ing changes in the mechanical properties with aging up to 12 
months. We have considerable data for longer periods as shown 
in Fig. A. This shows changes in mechanical properties with 
three years’ aging of sand cast ZG32A. The properties shown 
after the first few months are representative of the excellent 
ultimate properties developed after long term aging. We are 
confident that the whole story is told in the first few weeks, as 
shown in the author’s charts. 

The author points out that the two alloys ZG32A and ZG42A 
depend on the ternary compound Al,Mg,Zn, for their properties 
and those differ in composition from the other high strength 
alloys which he has listed. The aluminum corner of the ternary 
aluminum-magnesium-zinc equilibrium diagram is given in 
Fig. B. The Al-Mg-Zn alloy ZG61A mentioned by the author 
is in the field designated « + MgZn,. Others which he men- 
tions are far down almost to the binary Al-Zn base line, so that 
their properties are developed from another source rather than 
from the powerful hardening and strengthening compound 
Al.Mg;Zng. 
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Fig. B—AI-Mg-Zn—Distribution of the Phase in the Solid. 
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Fig. D—Pole plate casting. 


The author mentioned the excellent brazing properties of 
these alloys and set their solidification temperatures at above 


Fig. E (Left)—Gasoline pump valves (Right) High- 
pressure oxygen valve. 
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1100 F. However, our latest laboratory tests show the solidifica- 
tion range of ZG32A and ZG42A as being 1030 to 1170 F. We 
would suggest, therefore, some additional investigations on this 
subject inasmuch as present data indicate a solidification tem- 
perature somewhat lower than the 1100 mentioned by the 
author. 

Figure C is an end view of a ZG32A street lighting pole plate 
casting which offers evidence of the high mechanical proper- 
ties combined with exceptional ductility obtainable with this 
alloy in the chill cast technique. The casting is seen on the 
left which by vise action has been press deformed to the position 
on the right. This casting is used on top of conventional street 
lighting poles and holds the elliptical arm which in turn sup- 
ports the lighting fixture. 

The pole plate casting in Fig. D is made in a single-cavity die 
with thin, uniform sections spread over a varying contour with 
three complete holes as-cast and a 4-degree taper on the internal 
core which has a draw of over 314 in. 

Figure E (Left) shows one of a series of sand-cast medium- 
velocity gasoline pump valves being manufactured. Anti-spark 
ing, pressure-tight, easily machined and light weight, it is an 
excellent ZG32A application in a common, every day use. 

Figure E (Right) shows a permanent-mold ZG42A_ high- 
pressure oxygen valve with a machined quadrant showing the 
extensive counterboring, threading and drilling, as well as the 
mass cross-sectional area of this casting. There are over 20,000 
of these units in operation today. 

Figure F illustrates a sand-cast tractor hitch which we feel 
vividly depicts the ease of castability. Here we have a casting 
some 291% in. in lateral diameter with radical cross-sectional 
area changes which was cast with little or no foundry difficulty. 

We hope this additional information will prove enlightening 
and interesting to those who are considering this type of alloy. 





Fig. F—Sand-cast tractor hitch. 


APPENDIX 
Since this paper has been written, the ASTM desig- 
nations used throughout this paper, have been changed 


as shown in Table 5. 


TABLE 5 





Old Alloy No. New Alloy No. 


CGl CG100A 
CN21 CN42A 
CS4 CS42A 
Cl C4A 
SC8 SC64A 


SC9 SCH4B 


Old Alloy No. New Alloy No. 


$C21 SC51A 
SC41 SC122A 
SGI SG70A 
SN41 SN122A 
$C42 SC82A 
G3 GI10A 











THE WHYS AND WHEREFORES OF 
STATISTICAL QUALITY CONTROL 


By 


Wade R. Weaver* 


During the past two years the published material 
on Statistical Quality Control has been increasing at 
an astounding rate. Despite this greatly increased 
dissemination of not only propaganda but of case 
histories, one still hears all too often the bewhiskered 
statement “It’s fine for the other fellow but I can’t 
use it.” An even more disconcerting fact is the wide- 
spread lack of understanding and appreciation of the 
breadth of scope of Quality Control and its kit bag of 
varied tools. All to frequently it is referred to as “an 
Inspection Tool,” rather than a Management tool, 
which means something entirely different. It is the 
purpose of this paper to dispel both these beliefs and 
to bring out a few fundamental reasons why any in- 
dustry, and the Foundry Industry in particular, can 
and should avail itself of the potential advantages 
offered by Quality Control. 

Management in industry is constantly being called 
upon to make decisions. That is one of its primary 
functions. When we say “management’’ we do not 
necessarily imply the top, or near the top level of 
administration. Management extends down through 
the superintendent, the foreman, the inspector, the 
engineer, process chief, even down to the single in- 
dividual performing a special operation or exercising 
supervision over an integral part of a process. It can 
and does mean anyone who is managing anything, 
almost irrespective of his field of endeavor or his 
level in that field. It goes without saying that any- 
thing which will sharpen one’s judgment, present 
facts rather than opinions, and aid in making the 
right decision at the right time must be of valuable 
assistance to management. Statistical Quality Control 
when properly used does exactly that. 


Elements of Quality Control 


Modern Quality Control has been referred to as a 
kit bag of tools. It is not a single tool. When the 
plumber is summoned to repair a disastrous failure 
he surveys the job at hand, opens his tool kit, selects 
the proper tools, and attacks the problem. So, also, 
does the trained Quality Control engineer proceed. It 


* Director, Steel Conservation & Quality Control, Republic 
Steel Corp., Cleveland. 
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is true that some of the tools of his trade are quite 
complicated by comparison to others and, hence, re- 
quire some specialized training to use effectively, but 
some of them are almost childishly simple in this 
respect. Some of the rather basic ones, and certainly 
the most widely used and effective ones, are founded 
on principles which are familiar to all of us, if not 
completely understood. 

One of the basic concepts is that there is variabil- 
ity in all things. Instead of ignoring this fact we 
should recognize it, study it, and profitably use it. 
Closely allied is the behaviorship of numbers, the 
laws of chance—a pair of dice is the most common ex- 
ample. These laws require a little study and they 
have been carefully studied until it is possible to 
calculate just how often a given value will appear, or 
a certain event occur, when that occurrence is due to 
chance causes alone. Further, it is quite simple to 
calculate the odds against such an occurrence of a 
specific value oftener than a given percentage of 
times. Exhaustive study of literally thousands of 
“events” have shown that there are certain predict- 
able patterns to which there is universal conform- 
ance when only chance causes are at work. The math- 
ematicians have worked out very simple ways of pre- 
senting these events pictorially, and two of these pic- 
ture forms are represented by the “frequency distri- 
bution curve,” and the “control chart.” Most of us 
have at least seen both these types of pictures. 

The former shows how often or what percentage 
of the time any specific value occurred, the “frequency 
of occurrence,” or relative frequency. The latter 
shows the relative level which those values had as 
they occurred, or were produced, one after the other, 
or chronologically. An important part of such a 
chart are the limit lines, boundaries within which 
the values would be expected to lie. 

Practically everything we can think of “produces” 
values—measurements of variation. Often we do not 
actually measure them. Perhaps they are difficult to 
measure, but it is possible and usually practical. If 
the study of a set of data—measurements from a pro- 
cess, material or part—indicates the factor we are 
studying behaves normally, is conforming to normal 
distribution and normal relative frequency of occur- 
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rence, then we are entitled to say only normal chance 
causes are at work. On the other hand, if the data 
are definitely non-conforming in nature, we know 
that some extraneous cause or causes, some non- 
normal cause, an assignable cause, is at work. 


The Control Chart 


The Control Chart provides a normal level of 
values as well as top and bottom limits beyond which 
we should only rarely expect to find values fall. If a 
process or any measurable situation is behaving norm- 
ally and only chance causes are at work, it is said 
to be “in control.” Under such conditions values 
will lie within the upper and lower “control limits” 
and be rather evenly dispersed about the normal level 
or average. If there are assignable causes present the 
process is certain to behave abnormally, values will lie 
outside the limit lines, and the process is said to be 
“out of control.” Corrective action is indicated and 
proper action generally results in bringing the pro- 
cess back “in control.” 

There are generally a rather large number of vari- 
ables affecting a given situation, each of which con- 
tributes but a small share to the result. All of these 
vary independently and the combined result varies. 
But, since any given factor usually has but a small 
share of the contribution, it is generally quite costly 
and rather fruitless to try to do very much about it. 
On the other hand, those causes contributing to the 
non-normal behaviorship are generally small in num- 
ber, frequently only one or two, and each of them ex- 
erts a very strong effect on the result. Due attention 
paid’to assignable causes is generally very productive. 


Normal Process Operation 


The properly analyzed past history of a process, 
operation, quality, situation, enables the suitably 
trained individual to construct simple pictures of how 
it should be expected to behave normally. Current 
situations immediately indicate the presence or ab- 
sence of those factors which probably will respond to 
action. These charts are no substitute for experience 
since they do not indicate what action to take. They 
only indicate that action is required. Hence, “operat- 
ing know-how’ is still an essential. The charts tell 
simple stories such as whether today’s level is “sig- 
nificantly” different from what should be expected. 
It may be higher than yesterday’s level, but is this 
merely the result of a combination of several of the 
higher values which occurred by chance alone? If 
so, there has been no “significant” change. But, if 
the process has really and truly changed its level this 
will be reflected in the chart and the different level 
can then be said to be significantly different. The 
charts tell where certain values are occurring more 
frequently than normally, when some “now” cause has 
become operative. 

Sometimes there is a rather long-range trend to the 
process, one which is not easily detected. The charts 
show this condition quite clearly. Whether or not it 
is advisable, worth while, or necessary to take speci- 
fic action is always important, and of even greater 
importance is known when not to take action. The 
charts provide great help in making such decisions. 
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Thus is management's judgment sharpened. Thus is 
management's time saved and energies concentrated 
where they will be most effective. Thus is the neces- 
sity to make a decision and the resultant correctness 
of that decision very greatly aided. 

Virtually, there are an endless number of situations 
in the Foundry Industry where these simple tools 
are almost revolutionary in their effectiveness. From 
the variation in raw materials, tools, individuals, and 
machines down through the sand mixing, coremaking, 
melting, molding, and casting operations the possible 
applications are legion. The chemical and physical 
properties, dimensional characteristics and machin- 
ability, temperatures and times are things we will 
recognize as varying constantly. Control charts are 
ideal tools to study and control such variables. Clear 
down to final inspection, packaging, shipping, cus- 
tomer relationship, sales problems, and finally to 
profits, these simple techniques are most readily ap- 
plicable. They are available to all levels and kinds 
of “management” and there is a type to fit nearly 
every conceivable situation. 


Quality Control and Research 


Behind the functioning of the process as it pres- 
ently exists—and one can be quite elaborate on the 
definition of “process”—lies another comprehensive 
field that may be loosely called research. While it 
may not be recognized as research, may not be so 
designated, all kinds of industries are constantly try- 
ing to improve their process, trying to sharpen their 
control. Things must not necessarily emanate from a 
large department with a heavy door marked “Re- 
search Department” to be truly research. Most of us 
do research and development work every day with- 
out realizing it. Our constant striving to produce 
greater quantities of a better product at lower cost 
is one big research project. 

Accordingly, it seems evident that if there are tech- 
niques to aid in research, tools which will help obtain 
results more quickly and at less cost, means of correct- 
ly evaluating the results of research, methods of ob- 
taining facts rather than personal opinions, such 
techniques should be pursued. Well, there are! The 
Quality Control kit bag is full of them. 

One of the major objectives of research is a new 
level of a certain factor, such as more production, 
greater hardness, closer tolerances, lower costs, etc. 
It, therefore, becomes vital to know with a specified 
degree of certainty whether the “new” level is truly 
differen, from the “old,” or whether the experiment- 
al values just happened to reflect a difference. Re- 
member that variation is always present. How do 
we know the values exhibited by the “new” situation 
are not merely other values from the same identical 
situation as the “old” one? Averages alone have come 
to have but little meaning. What we really want to 
know is whether there is a “significant” difference in 
level. Can the difference in level be merely due to 
chance, did it “just happen,” or can it be counted 
on to exist? If the difference in levels is actually 
significant, what is the probable true value of the 
difference? Between what limits does it lie and how 
often can we be sure that it will be so? Have the 
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decisions drawn been based on a large enough amount 
of data, or “how much is enough?” All these are ex- 
tremely important questions, and the very best and 
most accurate answers we can possibly get are re- 
quired for correct decisions. 

The more probably truly correct answers to: these 
and similar allied questions can be greatly aided by 
a series of Quality Control tools known as “Differ- 
ence” and “Significance” tests. They tell us what re- 
liance we can place upon our interpretations. If the 
proposed change is simple to execute, requires but 
little money and will not importantly affect the prod- 
uct, one needs but little assurance and may readily 
gamble on his decision. If, on the other hand, to 
institute the proposed change involves the expendi- 
ture of many thousands of dollars, one needs a high 
degree of assurance that his interpretations are cor- 
rect, and the exact extent of the expected change 
must be known in order to be properly evaluated. 
The “confidence” tests are a vital part of research, 
for without them personal opinion becomes too great 
a factor. All of us have seen programs which had 
much promise as based on research work fail com- 
pletely to produce the claimed results when tried on 
a production basis. The reason seems quite obvious— 
incorrect interpretation of data. These tools give 
facts. 

In examining any situation, any process, with an 
eye toward improvement, we are constantly tracking 
down variations from standard, unwanted variations. 
It frequently becomes necessary to know whether the 
variations we are finding come “within” lots or “be- 
tween” lots. What is the source of the variations in 
dimensions, for example, in a lot of 100 castings made 
by pouring ten different molds, each having ten 
separate mold cavities? Are the variations truly ran- 
dom throughout the 100 castings so made, or are the 
variations in those ten castings from mold No. 3 sig- 
nificantly different from the variations found to ex- 
ist on the castings made from the other nine molds? 
In the case of hardness variations, are they greater 
within one casting, within the castings made from 
one melt, or is the variation found to exist more im- 
portantly from melt to melt? Again, if such differ- 
ences are found to exist, what is the possibility that 
these are merely chance variations? No ordinary an- 
alysis of complex data of this kind will provide the 
factual answers but there are techniques known as 
“Analysis of Variance” that will provide the answers. 


Variance Analysis Techniques 


Variance analysis techniques are extremely valu- 
able in experimental work for, in addition to re- 
moving personal bias and providing much factual 
analysis of the data obtained, they greatly reduce the 
extent of experimental work. Less than 20 per cent 
of the number of experiments usually necessary with 
the conventional approach to data analysis will suf- 
fice when the program is planned and conducted to 
use the variance analysis approach. Thus, consider- 
able saving of time and, of course, an accompanying 
reduced expense of conducting the research is the 
reward for a scientific and objective approach to our 
problem. 


STATISTICAL QUALITY CONTROL 


Of particular interest to experimenters are the “re- 
lationships” that exist between the several variables 
which are included in our “process” for we are con- 
stantly seeking cause and effect situations. Conven- 
tional practice is to make a chart, plotting such a 
relationship between the variables. We wish to see 
what effect a specific variable has on the results of 
our “process.” The relationship thus depicted would 
be true only if there were no other variables involved. 
If a third variable is involved a chart can still be con- 
structed, although it is not readily drawn and less 
readily interpretable by most of us. When a fourth, 
fifth, and sixth variable is involved, the chart tech- 
nique no longer suffices. Here, again, a specific tool 
in the Quality Control kit bag comes to the rescue 
of those forced to deal with these multi-variate situa- 
tions, and because so many of our present day pro- 
cesses are so highly complex, such a tool becomes in- 
dispensable to the analysis of such complexities. This 
tool] is called “multiple correlation.” 


The Scatter Diagram 


What we are really interested in knowing is the 
true and independent relationship of one variable to 
another, regardless of the effects exerted on the latter 
by other variables present. The conventional ap- 
proach by the “scatter diagram” method gives only 
the apparent relationship of the two variables under 
study, the relationship that exists concurrent with 
variations of all the other variables present. Hence, 
conclusions drawn from its picture are frequently mis- 
leading. The true net effect of the single variable 
under study may be quite different from the appar- 
ent effect. To make an improvement in a process we 
must know just how the variations of one specific 
factor truly affect the process and its product before 
we attempt to alter or control this specific factor. 

The orthodox experimenter tries to hold all vari- 
ables constant but one and controls variations in that 
one. He then proceeds to the second variable and 
controls its variations while trying to hold all others 
constant, etc. Not only is this quite time consuming, 
but it is frequently highly impractical, if not im- 
possible. The fact that amazes so many people is 
that such a procedure is not at all necessary. Let all 
the variables vary at will—multiple correlation will 
sort them out and provide unbelievable amounts of 
information about each and every one of them. Th¢ 
complex operations with which we deal today jus’ 
simply will not stay put, so why waste time and 
energy trying to make them? Use the modern tech- 
nology designed for such occasions and get the facts, 
not opinions. 

Certain of these Quality Control tools are admit- 
tedly a little complex and some special training is 
necessary before they can be used effectively. This is 
no different from many situations with which we are 
familiar. New tools, new equipment, new materials, 
all require some careful training to be used properly 
and profitably. Quality Control engineering is a new 
tool. 

Surely you will agree that the situations described 
above are quite commonplace occurrences in the 
every day life of many of us, regardless of the type 
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of industry with which we are associated. The 
Foundry Industry is doing all of these things con- 
tinually, and would probably like to do more but may 
not know just how. All industries have many un- 
answered problems, many things over which better 
control is desired. Like all other industries the 
Foundry Industry is constantly striving to improve 
quality and lower costs. The rapid infusion of some 
of the techniques mentioned, and there are many 
more useful ones too, into modern industry of almost 
every conceivable type, makes it possible to state with 
assurance and definiteness that Statistical Quality 
Control is proving to be indispensable to a progres- 
sive industrial entity. 

With the constantly rising cost of a unit of material 
and a man-hour of labor, many approaches are eco- 
nomically sound today which a few years ago might 
not have been. Anything which will aid us in con- 
serving man-hours is practically a “must.” Anything 
which will enable us to more effectively utilize the 
efforts of supervision is a boom to our every-day in- 
dustrial life. If we can use our raw materials more 
productively we automatically contribute to the im- 
proved standard of living which is our constant goal. 
Quality Control should not be considered as a drug 
which will cure any disease, but it certainly helps 
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cure many of our common troubles. It is a system of 
analysis which has been accepted by progressive man- 
agement in practically every type of industry. It has 
helped ours; it can help you. 

In summary, it should be stressed that Quality Con- 
trol is a broad collection of useful tools rather than 
a single tool. It might be called “The company sys- 
tem of a scientific and objective approach to any of 
its problems.” Many of these tools are quite simple 
to use and require very little training to operate. 
Others are a little more complex and require some 
fairly careful study for them to be used effectively. 
Their use is in no sense restrictive, but rather it 
should be stressed that there is some tool, perhaps sev- 
eral, for practically any kind of a problem that 
arises. Quality Control does not replace anything. 
It is a sound supplement to the present methods. 
The use of this system will sharpen up judgment by 
providing facts instead of opinions. It aids in ob- 
taining the correct answers to highly complex indus- 
trial problems and, in so doing, saves time, energy, 
and mistakes. One of its strong points is that it tells 
what action is needed and, of even greater import- 
ance, when not to take action. Action on Quality 
Control is needed by all those not familiar with its 
potentialities. 








CORE BOXES FROM CORE PLUGS 


By 


James N. Mathias* 


An ever increasing amount of interest has been 
generated these past few years in the process of de- 
veloping aluminum core boxes from wood or metal 
master core plugs. There are two important and cor- 
related reasons to which this interest may be attri- 
buted. 

1. The advantages to the pattern shop previous to 
obtaining the casting. These advantages are: 

(a) Making a master pattern core plug from the 
pattern layout makes for a greater degree of accuracy 
since the same amount of shrinkage can be allowed 
for both master pattern and master core plug. 

(b) In a large proportion of patterns requiring 
cores, master core plugs can be made in less time than 
a core cavity. 

(c) The master core plug can be proved in a plas- 
ter mold of the master pattern thus eliminating the 
making of plaster plugs from core box cavities. 

(d) The process can eliminate the making of wood 
master drier patterns. 

(e) One master plug will usually suffice for mullti- 
gang boxes. 

2. Since this method of making core boxes and 
drier patterns involves the use of plaster molds as a 
casting medium, the dimensional accuracy and smooth 
surfaces as cast inherent in this process can substan- 
tially reduce the machining time normally required; 
or, in many cases, entirely eliminate it. 

The intent of this paper is to show by actual pho- 
tographs the pattern equipment furnished for use in 
the process as constructed by various pattern shops. 


Single Gang Dump Box 


Figure 1 shows the mahogany master core plug and 
ribbing frame furnished for a single gang dump box. 
It should be noted that the frame placed over the 
plug leaves small clearance around the base of the 
master plug, but that considerable clearance is shown 
between the plug and the cross rib of the backing 
frame. This rib clearance should approximate the 
metal thickness desired. If machine finish should be 
desired then sufficient stock should be added to the 
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master core plug and a like amount to the face of the 
ribbed backing frame. The process then proceeds by 
taking a plaster from the master core. From this cav- 
ity a second plaster is taken to provide a plaster dup- 
licate of the master core (Fig. 2). The ribbed backing 
frame is placed over this plaster duplicate and the 
exposed areas are covered with clay sheets. These 
clay sheets are made to the same thickness as the metal 
wall desired. This step may be clearly seen in Fig. 3. 

Another plaster is taken from this assembly and 
after ribbing and clay sheets have been extracted the 
backing half of the plaster mold is complete as shown 
in Fig. 4. 

After oven drying, the mold may be either gravity 
or pressure cast producing a single cavity dump box 
as shown in Fig. 5. 

Should a multiple gang box be required one master 
core plug would suffice. One plaster cavity is taken 
from the plug and as many plaster duplicates as may 
be indicated are produced from the cavity. These 
duplicates are then assembled to conform to a lay- 
out furnished. The ribbed backing frame should 
then be made up to embrace the entire gang. 


Single Gang Split Box (Open End) 


Figure 6 shows a split mahogany master pattern 
plug which is provided with pins for the proper align- 
ment of the two halves. Also shown are backing ribs 
for both cope and drag halves of the core box. The 
cope backing frame as shown placed over the cope 
half of the master core plug incorporates bosses both 
for blowing and mounting. Pads for pinning the 
halves are also provided as an integral part of the 
ribbing structure. It may also be noted that the back- 
ing frame in this instance forms a rather snug fit 
around the master core plug. On split or booked type 
core boxes this is very important as misalignment of 
the backs after matching the cavities can render a 
box useless. 

It is not necessary for the backing frame to follow 
all contours of any given plug but rather to touch 
the plug in four to six places in order to insure the 
proper mating of both the cavities and the outside 
contours of the core box face. The backing frame for 
the drag half of the box is nearly identical to the cope 
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Core Boxes From Core PiuGs 





Fig. 7 


half minus the blow bosses and mounting lugs. 
Therefore, if this core box were engineered to be 
hand rammed instead of blown it would then only 
be necessary to furnish one backing frame for both 
halves of the core box instead of two. Machining 
stock was not provided on the master pattern plug 
and therefore was not added to the backing frames. 

Obviously, all the expert engineering on this core 
box was accomplished by a pattern shop in close co- 
operation with the sand foundry selected to produce 
the castings. Also, the mahogany master core plug 
and backing frames reflect an awareness of the prob- 
lems encountered in the plaster foundry charged 
with producing a core box. 

The steps taken to produce a core box from the 
pattern material shown is similar to the process fol- 
lowed in making a single cavity dump box. Plaster 
cavities are taken from each of the halves of the 
plug. A plaster duplicate of each half of the master 
pattern plug is taken from the cavities. The backing 
frames are placed over their respective plaster halves 
and open areas are backed out with a sheet of clay 
of a thickness to correspond to the metal wall de- 
sired (Fig. 7). A plaster is taken of each assembly 


Fig. 8 


and the clay and backing frame removed to reveal a 
complete plaster mold of each half of the core box. 
These molds are then dried and poured to produce 
the aluminum castings shown in Fig. 8. 


Single Gang Booked Core Box and Master Drier Pattern 


A solid mahogany master pattern core plug hav- 
ing an irregular parting, a ribbed frame each for the 
cope and drag half of the box, and a ribbed frame 
for the drier pattern (Fig. 9) form the equipment 
necessary to produce the single cavity booked box and 
white metal master drier pattern shown in Fig, 12. 

Master pattern core plugs with irregular partings 
will produce more accurate results if they are made 
solid rather than split. This is true because wood 
split pattern halves seldom match each other perfect- 
ly before the plasters are made. After plaster slurries 
have been poured over the wooden halves it is seldom 
that a perfect mating of the pattern halves can be 
made. 

In the single gang split box (Fig. 6) a split mahog- 
any master pattern core plug was satisfactory and 
properly designed because the core box is, theoretical- 
ly, two dump boxes to be assembled as one unit, 





Fig. 10 
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Fig. 11 


whereas, in the booked box irregular partings must 
match perfectly. Should warpage occur in a split 
pattern plug with a flat or straight parting, it is a 
simple task to secure the halves to wood or metal 
flats, but, master pattern plug halves with irregular 
partings can only be pinned to each other and it is 
dificult to determine whether the warped half is 
being brought back into line, the assumed good half 
brought out of line, or a little bit of compromise by 
both halves. 

The plaster foundry has no way of determining a 
discrepancy at this point and therefore makes a core 
box that may produce faulty cores in the sand found- 
ry. Should this occur in an early experience with 
the process it would only be human to feel that the 
process leaves too much to be desired for general use. 

Returning to the pattern equipment necessary to 
produce a booked core box and drier pattern (Fig. 
9) it can be seen that the solid master pattern core 
plug is contacted and thereby located by both of the 
backing frames in five places. Due to the irregular 
parting only four places were used on the backing 
for the drier master. 

The first operation begins with forming a parting 
or match for the master core plug. This parting con- 
tour must of course conform both to the parting of 
the core plug and to the confines of the backing 
frame. 

The match on the more complicated type of master 
core plug should be constructed by the pattern shop 
as the backing frames can then be constructed on 
the parting block thus eliminating much guesswork. 

A full plaster mold is made from the master plug 
and plaster duplicates of the respective halves of the 


Fig. 12 


master plug are made. Backing ribs are placed on 
their respective halves and clayed up (Fig. 10) as 
previously explained, thus completing the halves of 
the core box mold. 

Since this core will necessarily require a drier, the 
plaster cavity (Fig. 11) taken from the drier half of 
the master core plug is trimmed back or relieved. A 
plaster is taken from this relieved cavity, the drier 
frame is placed thereon, and sheet clay of a specified 
thickness is used to cover all exposed plaster areas 
within the frame. A plaster half is poured on this 
assembly as related heretofore, and after drying, is 
filled with white metal to become a master drier pat- 
tern (Fig. 12). 

Large master drier patterns obviously should not be 
cast of white metal because of excessive weight and 
lack of sufficient rigidity. Sometimes production re- 
quirements necessitate the use of a large quantity of 
driers which may not be produced rapidly or econom- 
ically with a loose master drier. 

Expanding plaster has been developed and is being 
successfully used to solve both aforementioned prob- 
lems. By the proper use of these plasters the shrink- 
age of aluminum can be compensated for, thereby 
permitting the casting of either single aluminum 
master drier patterns or match plates for larger quan- 
tities. 

It is readily apparent to craftsmen engaged in the 
foundry and pattern fields that the past few years 
have indicated but the beginning of vast and un- 
dreamed of progress. Core blowing, mold blowing, 
the shell molding process, dielectric core drying and 
mechanical equipment and devices became a reality. 
It therefore forces upon those so engaged a challenge 
to keep informed, that we may keep pace! 








MALLEABLE IRON ANNEALING TIME REDUCED 


By 


W. G. Wilson and N. F. Tisdale, Jr.* 


ABSTRACT 


The addition of approximately 0.0015 per cent boron to mal- 
leable iron has made it possible to reduce the annealing cycle 
for that iron in comparison to the annealing cycle used for 
the boron-free iron of the same base analysis. In the first stage 
of annealing at 1600 F, the cementite in the iron with boron 
was entirely decomposed in 8 hr whereas it took in excess of 16 
hr to decompose the cementite in the base iron. 

In the second stage of annealing at 1350 F, the sample with 
boron showed almost 100 per cent decomposition of the pearlite 
to ferrite in 8 hr whereas the iron which contained no boron 
had appreciable quantities of pearlite after 24 hr at the same 
temperature. 


Introduction 


A large segment of the malleable industry has ac- 
cepted the fact that boron in amounts ranging from 
0.0010 to 0.0020 per cent makes it possible to anneal 
malleabie irons containing as much as 0.12 per cent 
chromium with little or no difficulty. If there is no 
boron in the iron, chromium in excess of about 0.035 
per cent causes difficulty in the annealing of mal- 
leable iron, and when the chromium content of the 
iron reaches about 0.10 per cent, it becomes uneco- 
nomical in many cases to anneal such irons. There- 
fore, the use of ferroboron has saved producers of 
malleable iron a great deal of time and money in 
annealing chromium-bearing irons. In times like 
these, when scrap which is definitely low in chrom- 
ium is becoming more difficult to obtain, the use of 
ferroboron as an insurance against chromium con- 
tamination has become more common. 

In addition to the ability of boron to enable mal- 
leable founders to anneal irons with high chromium 
content, a number of producers have found that 
boron in percentages ranging from 0.0010 to 0.0015 
per cent promotes the annealability of malleable 
iron with chromium contents of 0.03 per cent and 
under. The effect of boron on annealability has 
been presented in literature on several occasions. 

It seems worthwhile at this time, when most mal- 
leable founders are pressing for maximum output, to 
re-emphasize the benefits gained through the use of 
boron in reducing annealing cycles. 
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Procedure 


The irons used in this project were obtained from 
a 40-ton air furnace on two successive days. A nom- 
inal analysis of these irons was: 


Carbon 2.35 pet 
Silicon =_— 
Manganese = 
Sulphur 0.065 ” 


Phosphorus less than 0.15 
Chromium less than 0.03 


On each day an analysis bar, a tensile bar and a 
set of bars 8 in. x 14 in. square, 8 in, x 34 in. square, 
and 8 in. x | in. square were poured from a ladle of 
untreated iron. The next 300-lb ladle of iron going 
to that section of the foundry was treated with 16.2 
grams of ferroboron containing 12.61 per cent boron, 
which was equivalent to putting 0.0015 per cent bor- 
on in the iron. The next day this procedure was re- 
peated. As a result there were four sets of bars 
poured, two sets with boron additions and two sets 
from the untreated iron. 

This paper will report on the annealing of test 
samples 14 in. x 34 in. square, which were cut from 
the 8 in. x 34 in. square bars. 

The samples, both with and without boron, used 
in the high temperature annealing work were cast 
from the same heat of air furnace iron; this elimin- 
ates, as far as possible, the effect of variations in car- 
bon, silicon, etc. analysis on annealability. The 
samples used in the second stage annealing study 
were all cast from the heat made the next day. 

To determine the effect of boron on the first stage 
of annealing, the samples, both with and without 
boron, which were cut from the bars cast on the first 
day, were placed on a tray and put into an electric- 
ally-heated muffle-type furnace which was controlled 
by thermocouples. After 4 hr at 1600 F a sample con- 
taining boron and a sample without boron were 
taken from the furnace and allowed to air cool. 
After 8 hr another pair of samples were withdrawn 
from the furnace and air cooled, and at 16 hr an- 
other pair were withdrawn and allowed to air cool. 
The samples were then split on the 34 x 34 face and 
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Fig. 1A—Microstructure of white iron which contains no Fig. 1B—Microstructure of white iron containing boron. 
boron. 100x. 100x. 





Fig. 2A—Microstructure of malleable iron without boron, Fig. 2B—Microstructure of malleable iron containing bor- 
annealed 4 hr at 1600 F. 100x. on, annealed 4 hr at 1600 F. 100x. 





Fig. 3A—Microstructure of boron-free malleable iron, an- Fig. 3B—Microstructure of iron containing boron, an- 
nealed 8 hr at 1600 F. 100x. nealed 8 hr at 1600 F. 100x. 








the 14 x 34 face was prepared for metallographic ex- 
amination. The face used for examination was the 
one produced by the saw cut. 

The samples to be used in the determination of 
the effect of boron on the second stage of the an- 
nealing cycle were cut the same size as those used in 
the first stage annealing study. However, the 8-in. x 
34-in. square bars from which these samples were 
cut were cast on the second day the ferroboron was 
added to a ladle of iron. Again the samples were 
placed on a tray in the same muffle-type furnace. 
After 16 hr at 1650 F, two samples, one containing 


boron and one without boron, were taken from the: 


furnace and allowed to air cool. The furnace was 
allowed to drop to 1350 F and 20 min after the 
furnace reached 1350 F the second pair of samples 
were withdrawn. Several other pairs of samples were 
then withdrawn at increasing time intervals. 

This second stage annealing experiment had to be 
repeated because it was found on metallographic 
polishing that the sample representing the comple- 
tion of the high temperature anneal of the iron with- 
out the boron still contained appreciable amounts of 
cementite. Upon repetition of this experiment the 
samples without boron were soaked for 24 hr at 1650 
F and those containing boron were held for only 16 
hr at 1650 F. At the completion of the 16- and 24- 
hr anneal, a pair of samples, one with boron and 
the other untreated, were withdrawn from the fur- 
nace and allowed to air cool. The furnace was then 
allowed to drop to 1350 F and pairs of samples were 
removed from the furnace at successive intervals. 
Again, the specimens were split on the 34 x 34 face 
and the 14 x % face produced by the saw cut on each 
specimen was prepared for metallographic examina- 
tion. 

Results 


The annealing procedure used to evaluate the ef- 
fect of boron on the first stage of annealing was 
given above. By the examination of photomicro- 
graphs prepared from the samples with and without 
boron, which were annealed for various times, as 
well as a comparison of photomicrographs of the 
as-cast structure of the boron-treated and untreated 
irons, it is possible to show the advantages gained 
through the use of ferroboron in the first stage an- 
nealing. 

It has been well established that an iron with a 
small cell size in the as-cast condition and less mas- 
sive carbide particles will anneal more rapidly than 
an iron with a large grain size and massive carbides. 

A comparison of Fig. 1-A (no boron) with Figure 
1-B (with boron) would indicate that the boron- 
treated iron would anneal much more rapidly than 
the iron without boron, because of the finer grain 
size and the slender, well distributed carbide particles. 
This theory will be substantiated by the other photo- 
micrographs in this series. . 

Figure 2-A (no boron) and Fig. 2-B (with boron) 
represent the pair of samples taken from the furnace 
after 4 hr at 1600 F, and even in this short time the 
superior annealing qualities of the boron-treated 
irons are apparent, because: 
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1. Much greater decomposition of carbides. 

2. Greater number of graphite nodules. 

3. Larger size of graphite nodules. 

From inspection of Fig. 3-A (no boron) and Fig 
3-B (with boron) we may again see the marked ef. 
fect of boron on the samples annealed 8 hr at 1600 
F. The photomicrograph of the iron with boron 
shows little, if any, cementite in the structure where- 
as the iron without boron contains appreciable quan- 
tities of large heavy carbides. 

After annealing thé iron without boron for 16 hr it 
still contained objectionable quantities of cementite. 
It may be seen in Fig. 4-A (no boron), which is a 
photomicrograph of the iron annealed for 16 hr, that 
additional time at 1650 F would be required to pro- 
duce a structure which would be equivalent to the 
structure shown in Fig. 3-B, which is a boron-treated 
iron annealed for 8 hr. Therefore, in this laboratory 
study, it has been shown that it takes less than half 
as long to completely anneal boron-treated irons as 
it does to completely anneal irons without boron. 

In the first study of the effect of boron on the low 
temperature annealing properties, both the treated 
and untreated samples were held for 16 hr at 1650 F 
before starting the low temperature portion of the 
annealing cycle. When these samples were examined, 
it was found that the iron without boron, after com- 
pletion of 16 hr at the high temperature, still con- 
tained so much cementite that it was impossible to 
make a comparison of the annealability at the lower 
temperature. 

As mentioned previously, the samples used to study 
the first stage graphitization were poured on one day 
and the irons used to study the second stage of the 
annealing were poured on the succeeding day. There- 
fore, the fact that the iron produced on the second 
day without boron did not anneal as rapidly at the 
high temperature as the iron containing boron fur- 
ther substantiates the work presented above on the 
effect of boron on the first stage annealing of mal- 
leable iron. As a result, in order to have a set of 
samples in which the cementite had been completely 





Fig. 4A—Microstructure of boron-free iron annealed 16 
hr at 1600 F. 100x. 
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Fig. 5A—Microstructure of malleable iron containing no Fig. 5B—Microstructure of malleable iron containing bor- 
boron after 24 hr at 1650 F. 100x. on after 16 hr at 1650 F. 100x. 


Fig. 6A—Microstructure of iron to which no boron was Fig. 6B—Microstructure of iron containing boron after 
added after completion of first stage anneal and 1 hr of completion of first stage anneal and 1 hr of the second 
the second stage. 100x. stage. 100x. 


Fig. 7A—Microstructure of boron-free iron after anneal- Fig. 7B—Microstructure of iron containing boron after 
ing 4 hr in the second stage. 100 x. annealing 4 hr in the second stage. 100x. 
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Fig. 8A—NM<icrostructure of iron containing no boron after 
annealing 8 hr in the second stage. 100x. 


eliminated before starting the second stage of the 
malleabilizing cycle, it was necessary to hold the ones 
without boron for 24 hr at 1650 F as compared to a 
holding time of 16 hr at 1650 F for the ones with 
the boron. 

The photomicrographs representing the samples 
after completion of the first stage annealing are 
shown in Fig. 5-A (no boron) and Fig. 5-B (with 
boron). These photomicrographs show essentially 
complete elimination of carbides in both the treated 
and untreated samples. In addition, it may be noticed 
there are approximately three times as many graphite 
nodules in the iron containing boron as there are in 
the iron which was not treated. 

Referring back to Fig. 3-B and Fig. 4-A, we can 
see that, as far as nodule count is concerned, the 
same condition exists in these samples, poured on 
the first day, as is shown in Fig. 5-A (no boron) and 
Fig. 5-B (with boron). Since this increase in nodule 
count is a qualitative measure of the annealability, 
we have another indication that the boron acted 
similarly in the irons poured on these two successive 
days. The furnace and the remaining samples were 
then allowed to cool to 1350 F after completion of 
first stage graphitization and pairs of samples were 
taken out at | hr, 4 hr, 8 hr and 24 hr from the time 
the furnace first started to drop towards 1350 F. 

Figure 6-A (no boron) and Fig. 6-B (with boron) 
represent the samples taken out after 1 hr. Figure 
7-A (no boron) and Fig. 7-B (with boron) represent 
those taken out after 4 hr. Figure 8-A (no boron) and 
Fig. 8-B (with boron) represent samples taken out 
after 8 hr. Figure 9-A (no boron) represents the 
samples taken out after 24 hr. 

A comparison of these photomicrographs shows a 
pronounced increase in the second stage annealability 
with the use of ferroboron, which is indicated by 
the greater amount of ferrite in the structure of the 
boron-treated iron at all stages of the annealing 
cycle. 

The structure shown in Fig. 8-B (with boron) con- 
tains a small quantity of pearlite; however, there is 


Fig. 8B—Microstructure of iron containing boron after 
annealing 8 hr in the second stage. 100x. 


no more pearlite in Fig. 8-B, which represents a 
sample annealed only 8 hr, than there is in Fig. 9-A 
(no boron), which represents a sample that was an- 
nealed for 24 hr. It would seem worthwhile to men- 
tion that only a portion of the sample containing 
boron which was annealed for 8 hr at 1350 F showed 
any pearlite and that approximately 50 per cent of 
the surface of the sample showed no pearlite what- 
soever. 

With the photomicrographs presented in_ this 
paper, it has been shown that it is possible to com- 
plete the low temperature portion of a laboratory 
annealing cycle of iron with boron in approximately 
one-third the time required to anneal an iron which 
contains no boron. 

Quite a number of photomicrographs have been 
shown in this paper which represent irons containing 
boron. In none of these photomicrographs has there 





Fig. 9A—WMicrostructure of boron-free iron, annealed 24 
hr in the second stage. 100x. 
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beer any indication of primary graphite. Since pri- 
mary graphite in any appreciable amount cannot be 
tolerated in malleable iron, it seems worthwhile to 
emphasize the absence of this constituent in the 
boron-treated irons. 


Conclusions 


The conclusion drawn from this work is that since 
boron in this malleable iron has enabled a much 
more rapid anneal under laboratory conditions, it 
should be possible to reduce the annealing time of 
the iron in the large commercial furnaces in this 
plant. 

Recommendations 


1. Boron has been used extensively to combat the 
harmful effects of chromium on the annealing cycles 
of malleable iron. This work indicates that the boron 
when used in iron with lew chromium content may 
be used to accelerate annealing. However, if boron 
is used to accelerate annealing and then the chrom- 
ium content of the iron goes up, it would be advis- 
able to increase the length of the annealing cycle 
to something approaching that used before the in- 
troduction of boron into the iron. 

2. Since the cost of ferroboron additions to mal- 
leable iron is only about 16¢ per ton, it would seem 
logical to recommend the use of ferroboron in almost 
all malleable foundries operating at the present time 
for several reasons: 

(a) Scrap with low chromium content is becom- 
ing harder to secure. 

(b) The scrap which is obtainable, in many cases, 
has physical characteristics which are highly unde- 
sirable in malleable melting, such as excessive rust 
and small size, which increases the difficulty of an- 
nealing malleable iron produced from such material. 
An addition of ferroboron should alleviate this prob- 
lem. 

(c) Even where scrap conditions are good, in many 
cases the rate of production is so high that the an- 
nealing facilities are a bottle-neck in achieving higher 
production. The use of ferroboron in such instances 
should materially aid in increasing the production in 
high strength, high ductility malleable iron. 
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W. D. McMILLAN (Written Discussion): * The authors of this 
paper are to be complimented for the concise practical manner 
in which they have presented the information concerning the 
use of ferroboron and its effect on annealability of hard iron. 

The amount of boron used in percentages of 0.001 to 0.002 
is practically the same as that concluded to be an optimum 
amount by Miksch, Tabert and Cover (AMERICAN FOUNDRYMAN, 
August 1948). Schneidewind, Reese and Tang (A.F.S. TRANsAc- 
TIONS, vol. 55), pretty well established that the time required 
to decompose carbides varied with section size and cooling 
rate and the basic factor was grain size. 

In this paper, Fig. 1B, the grain size is distinctly smaller 
than in Fig. 1A. The carbide network is also thinner. With a 
finer cell structure, a greater number of graphite nodules 
develop than with a coarser grained metal. 

The mechanism by which boron enhances the anneal may be 
considered mechanical rather than a matter of physical chem- 
istry. Greater rejection of carbon such as effected by silicon 
in increasing amounts is not a factor. The use of boron, 
therefore, does not contribute to the formation of primary 
graphite. 

We have been unable to tie in the use of boron with any 
tendency to give a mottled casting or dark sprue when used in 
metal cupola air furnace duplex melted and a 40 per cent steel 
charge. The paper indicates no primary graphite was in evi- 
dence in the iron used in these tests which was melted from a 
charge very likely containing 30 to 40 per cent pig iron. 

If there is any greater tendency for a given casting to mottle 
when poured from iron melted down from a high pig iron 
charge than from a high steel charge, the iron tested should 
have been at some disadvantage with respect to mottling. 

By outlining the mechanism by which boron enhances the 
anneal, which is a matter of cell structure and nodule count 
rather than being the result of a graphitizing carbon rejecting 
process, the paper should serve to remove the conception that 
boron in the percentage normally used, 0.001 to 0.002, increases 
the tendency to mottle. 


J. E. ReEHDER (Written Discussion):* The authors have ably 
presented clear evidence that the addition of very small quanti- 
ties of ferroboron to a white iron will result in decreased an- 
nealing time, and in view of the agreement with data given pre- 
viously by other authors, it can be accepted that the effect of 
such additions on annealing rate is as described. 

There is a minor slip in the paper where it is stated that with 
ferroboron additions the iron has both more and larger temper 
carbon nodules. Obviously for the same total carbon content the 
nodules cannot be both larger and more numerous, 

Additional data, if available, would be appreciated. Particu- 
larly the writer would like te know the analysis of the boron 
addition agent used, especially its aluminum content; the actual 
boron content by analysis of the treated iron; and the mechani- 
cal properties of the fully-annealed irons with and without ferro- 
boron additions. 

Although it is agreed that ladle additions of ferroboron will 
decrease the annealing time of a white iron under suitable condi- 
tions, there are other considerations which have not been men- 
tioned in the paper and which are of major importance to the 
practical foundryman. The principal of these are control and 
the effect of too high a boron content of the iron. It is well 
known that when the boron content of a white iron approaches 
about 0.005 per cent or more, the powerful carbide stabilizing 
effect of boron becomes dominant, and boron is then a more 
serious retardant of anneal than is chromium. It is questionable 
whether all of the boron in remelt is lost in the melting process, 
and so if beron additions are used on a routine basis, regular 
analysis for boron content must be carried out to ensure that 
the medicine does not become worse than the disease. Analysis 
for boron content of these small orders in iron is not a simple 
procedure, and it will be found that accurate analyses for boron 
content are costly and slow. 

For these reasons the present writer considers that the use of 
ferroboron additions must be approached with caution even in 
foundries with large and well-equipped laboratories. If the 
money and time necessary to obtain adequate control over boron 
content were to be spent instead on better over-all metallurgical 
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control and on control of annealing practice, possibly equal 
benefits in time-saving and in decreased cost of finished product 
would result. 

To summarize, the addition of ferroboron to white iron un- 
doubtedly has the effects on annealing rate described, but a 
small excess of boron content in the iron works strongly in the 
opposite direction and control is not believed to be simple, so 
that malleable foundrymen should proceed with caution in the 
use of ferroboron additions. 

MEssrks. WILSON AND TISDALE (Reply to Mr. Rehder): We 
would like to take the opportunity to reply to the first paragraph 
of Mr. Rehder’s discussion. We believe that this paper gives, 
for the first time, some quantitative data on the effect of ferro- 
boron in malleable iron. The other papers to which we referred 
mention that ferroboron accelerates annealing, but to date this 
is the first attempt made, that we know of, to show how much 
effect boron has upon annealing time. 

In reply to Mr. Rehder’s question on analysis of the boron 
agent used in this work we are pleased to inform him that it was 
an alloy containing 10.00 to 14.00 per cent boron, 4.00 per cent 
max silicon, 2.00 per cent max carbon, and little if any alumi- 
num. This form of ferroboron is manufactured by a carbon sili- 
con reduction process rather than a thermite process so that the 
aluminum will always be considerably below 0.5 per cent. We 
did not determine the boron content of the treated iron nor the 
mechanical properties of the fully annealed iron. 

We fully realize that overdoses of ferroboron are quite harm- 
ful. As a result, the Molybdenum Corp. of America has always 
made boron determinations for the malleable foundries that 
used their products, to enable them to keep in control. By 
making determinations as frequently as once or twice a month, 
many foundries have been able to use ferroboron satisfactorily 
for many years. 

As a general rule we find that roughly two-thirds of the 
boron contained in the sprues is lost on remelting. Many 
foundries who have accepted this rule of thumb have found that 
it will work satisfactorily. 

We know of no one that has gotten enough boron in their 
malleable iron to get to the point where they have started to 
stabilize the carbides. Generally when they get very much in 
excess of 0.0015 per cent, the amount recommended in this 
paper, they find that their physical properties tend to drop off. 
As a result, this gives them adequate warning to reduce the 
amount of their boron addition before any carbide stabiliza- 
tion occurs. The large number of foundries using ferroboron in 
malleable iron today attest to its adaptability in the malleable 
industry. 

F. J. WuRscHER (Written Discussion):* The usage of boron as 
an antidote for chromium-contaminated white iron is an expedi- 
ent for salvaging a defective melt. 

Advocating the introduction of boron to the base metal as a 
standard procedure by pointing to its beneficial effect upon re- 
duction of annealing time should be confined to the production 
of Grade B specification malleable iron owing to the fact that 
boron affects adversely the physical properties of the ultimate 
metal, specifically that of ductility as measured by per cent 
elongation. The reduction of that property is less critical for 
Grade B irons than for those of Grade A specification. 

The photomicrographs of boron-iron show a somewhat smaller 
grain size than is displayed by the base-iron, indicating that the 
tensile properties of the two metals will not differ materially. 

The presence of a numerically greater amount of temper- 
carbon nodules in the B-iron attests to its lower ductility value 
than is to be expected in the untreated, uncontaminated, base 
iron because this larger number of temper-carbon nodules 
break-up more effectively the continuity of the ductile ferrite of 
the matrix. 

Conversely, the B-iron, by reason of the increased nodule 
count, can be expected to machine more readily than the base 
metal. Relative to the structure of the temper-carbon, both 
irons show the same lacy condition. 

Resorting to boron as cure-all for unrestricted acceptance of 
raw materials, specifically that of steel scrap, may lead to failure 
of the ultimate castings in service. The economy of its use versus 
the cost of selected steel scrap is to be questioned. 

MEssrs. WILSON AND TISDALE (Reply to Mr. Wurscher): Ferro- 
boron has been used in a number of shops producing malleable 
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iron using Grade A specification for some time. When the boron 
content of these irons is maintained between 0.0010 and 0.0015 
per cent they find that the physical properties remain essen- 
tially the same as those that may be obtained without the use of 
boron. Naturally our experience with the Grade A malleable is 
not as extensive as with Grade B, because of the smaller tonnage 
of Grade A malleable produced in this country. 

There seems to be some difference of opinion among the 
experts on a malleable iron as to the effect of the size of the 
temper carbon nodules on the ductility of the annealed malle- 
able. One foundryman who has had extensive experience in 
malleable iron and has done considerable research on_ this 
product, was of the opinion that a greater number of temper 
carbon nodules enhanced the ductility which might be obtained 
with malleable iron. 

We certainly agree that the better distribution of graphite in 
the boron treated iron should increase the machinability of these 
irons. 

At the present time there are malleable foundries accepting 
steel scrap of unknown origin and using this scrap in conjunc- 
tion with ferroboron to produce malleable iron castings to both 
Grade A and Grade B specifications. We have seen some of 
these scrap piles in our travels and are sure that some of the 
more conservative malleable foundries would say that no accept- 
able iron could be made with such raw materials. However, 
acceptable castings are made with these materials, and in appre- 
ciable quantity. 

W. D. McMILLAN: Ferroboron is added to the metal leaving 
the cupola. We use 175 grams of 10 per cent ferroboron every 
20 min when melting about 10 tons per hour. This is equivalent 
to 0.0006 per cent boron. Tests for boron on the castings show 
0.001 to 0.0015 per cert boron. 

MEssRs. WILSON AND TISDALE: The matter of mottled struc- 
ture in white cast iron is a rather elusive subject. As mentioned 
in the paper in the paragraph immediately preceding the con- 
clusions, there is no indication of mottled iron in any of the 
photomicrographs presented herein, which presents some evi- 
dence that ferroboron has little or no effect upon mottling. The 
most conclusive evidence of the effect of ferroboron on the 
occurrence of primary graphite is found in the rather large list 
of people who have been using ferroboron in their malleable 
iron for quite some time. If there was any tendency at all to 
produce mottle when using ferroboron, it would seem that these 
people would have noticed that tendency and because mottle has 
such a highly deleterious effect on the properties of malleable 
iron they would have probably abandoned its use years ago. 
Therefore, this acceptance of ferroboron is perhaps the most 
convincing evidence that it has no effect on mottling. 

Mr. Renper: Boron will decrease the required annealing time, 
if chromium enters the iron; however, you can still anneal with 
a longer cycle. Boron may also help annealing due to other 
causes. 

One should not refer to a specific level of chromium as the 
boron effect will also depend upon other properties of a specific 
plants metal. Increase in the superheat of iron will give a 
similar beneficial effect. 

Mr. Witson: Mr. Rehder’s comments are true. However, with 
the continued use of boron you do not run into the problem 
of making hard iron for an hour or so, when the analysis is 
temporarily out of line. 

W. G. Ertincer:* How do you add boron to the molten 
metal? 

Mr. TisDALE: You can make the addition by envelope to the 
bottom of the ladle or while tapping. Plunging is not too prac- 
tical. 

Mr. Witson: In duplex operation, ladle addition is best or a 
syntron feeder between the ladle and the cupola may be used. 
In a straight air furnace operation, addition should be made to 
the furnace after the last skim preceding the tapping. 

FRANK CzApski: * We use a volume addition into the ladle. 

Memser: We do not find that boron builds up. 

Mr. TispaALe: There is a general build-up or recovery of 20-30 
per cent. 

Eric WELANDER:* We find that a spectrographic analysis for 
boron gives. inaccurate results. 


3 Metallurgist, American Brake Shoe Co., Mahwah, N. J. 
* Chief Metallurgist, Chicago Malleable Castings Co., Chicago. 
5 Metallurgist, John Deere Harvester Works, East Moline, II. 








PATTERNMAKING TO COMPENSATE 
FOR SHRINK ALLOWANCE 


By 


M. K. Young* 


Introduction 


Use of high expansion plasters for fabrication of 
expanded patterns, models and molds is an outstand- 
ing tooling development of the last five years. Indus- 
trial tooling and patternmaking materials such as 
high-expansion and medium-high expansion gypsum 
cements have many applications in the aircraft, auto- 
motive and foundry industries. Use of expanding 
plasters has facilitated patternmaking to such a de- 
gree that many pattern shops have adopted these ma- 
terials as standard shop procedure. 

Medium-high and high expansion gypsum cements 
have unusual characteristics. They expand uniformly 
in all directions and have the highest setting expan- 
sion of any known gypsum cements. The amount of 
expansion can be controlled by the quantity of water 
used in the mix. Through the proper water to plaster 
ratio, it is possible to achieve expansion values from 
14, in. to \ in. per ft. 

The end use or application for the expansion plas- 
ters are unlimited wherever patterns, matchplates and 
models are fabricated with shrink allowance. A pat- 
tern shop in Chicago utilized the expansion plasters 
for core dryer patterns by making a cast or impres- 
sion from the pattern. After the cast has expanded 
to the desired oversize dimensions, subsequent pat- 
ternmaking operations were accomplished to complete 
the core dryer pattern. In Milwaukee a matchplate 
firm made use of the expansion plasters to add the 
extra shrink that is necessary where a wood match- 
plate is to be reproduced in aluminum by the pres- 
sure-cast technique. 

In Detroit the medium-expansion and high expan- 
sion gypsum cements have been used to convert con- 
ventional foundry patterns to the metal equipment 
required for the shell molding or Croning process. 
This has been accomplished by pouring a mix of the 
expansion plaster over the existing pattern or found- 
ry equipment. After the plaster has set, it is re- 
moved from the pattern or core box and allowed to 
expand to the dimensions required for the alloy 
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that is to be cast. The expanded pattern is then 
rammed in sand to produce the desired metal equip- 
ment. 

An interesting application of the high-expansion 
gypsum cement was achieved at one of the large pat- 
tern shops in Detroit. An automotive firm ap- 
proached this shop with a request to reproduce three 
wood patterns that they had used in the develop- 
ment of a new type engine. The development being 
successful inspired the automotive engineers to in- 
vestigate the Croning process as a possible means of 
fabrication for the production of the new engine. 
Because of the deadline for the completion of the 
program, the pattern shop was furnished with the 
original wood patterns and requested to complete 
the work in one week. The wood patterns that ori- 
ginally required four weeks to complete were used as 
master models. Through the use of expanding plas- 
ters the new gypsum cement patterns with a double 
shrink were completed in 36 hr. 

While these materials are finding new uses in the 
automotive and foundry industries, several large air- 
craft manufacturers have centered their kirksite tool- 
ing programs around the expansion plasters because 
of accuracy, expediency and economy. 


Material Characteristics and Properties 


High expansion gypsum cement is a general pur- 
pose expansion plaster used in patternmaking to com- 
pensate for shrinkage in kirksite, aluminum and 
bronze. Since the material will expand as much as 
\4 in. per ft it is recommended for the higher shrink- 
ing alloys. This’ product is not highly stable after 
the cast has expanded to the desired dimensions. 
Therefore, the expanded pattern or cast should be 
used as soon as possible. Patterns or casts made from 
high expansion gypsum cement that have been left 
to stand over night have been found to be slightly 
oversize. This is characteristic of any highly expand- 
ing material and provision should be made to use 
the pattern immediately upon attainment of the de- 
sired size. 

The expansion properties of high expansion gyp- 
sum cement are controlled by the water to plaster 
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ratio, and therefore the water and the plaster must 
be accurately proportioned to obtain the desired de- 
gree of expansion. Users of expansion plasters have 
found that they must weigh the plaster and water 
for each mix, as shown in Table 1. 


TABLE | 





Approximate 
Maximum Expansion 
(Inches per foot) 


High Expansion 
Gypsum Cement 
(By Weight) 


Parts Water 
(By Weight) 





100 50-52 % 
100 44-46 34g 
100 38-42 W} 





Casts must be 3 to 4 in. minimum thickness to ob- 
tain these values. 

Higher expansion values can be achieved through 
the use of hot water. Water (120 to 130 F) will in- 
crease the expansion approximately 10 to 15 per cent 
over the values shown on the expansion chart. 
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Medium-high expansion gypsum cement is an ex- 
pansion plaster designed for zinc-base alloys having 
l% in. per ft shrinkage. The material is characterized 
by higher strength, uniform and consistent expansion 
and dimensional stability after the desired expansion 
is achieved. The expanded cast is strong enough 
after setting to be used as the foundry pattern. 

It is also necessary, when using medium-high ex- 
pansion gypsum cement that the water to plaster 
ratio be carefully controlled. The best results can be 
obtained by weighing the plaster and the water for 
each mix. 


TABLE 2—RECOMMENDED PROPORTIONS 





Approximate 
Parts Water Maximum Expansion 
(By Weight) (Inches per foot) 


Medium-High Expansion 
Gypsum Cement 
(By Weight) 





100 50-52 Vig 
100 45-47 Bho 
100 40-42 % 





Casts must be 4 to 5 in. minimum in thickness to 
obtain these values. These expansion values can be 
increased 10 to 15 per cent by using hot water (120- 
130 F). 


Mixing the Cement 


After the expansion plaster and room temperature 
water have been weighed as recommended, the plaster 
is strewn into the water as evenly as possible and left 
to soak 114 to 2 min. When the lower water ratios 
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are used a heavier mix will result and there will not 
be enough water to completely soak the material. 
Therefore, mechanical mixing is recommended for 
the heavier mixes to insure a lump-free slurry. 

When mixing by hand it is necessary to force the 
material into the water and mix vigorously until a 
smooth mass is obtained. For mixes from 10 to 50 
Ib a Y-in. drill motor with a 4-in. disc has been 
found superior to hand mixing and should be used 
to achieve optimum properties. 


Removal of Casts from Patterns 


Removal of the expansion plaster from rigid pat- 
terns has been facilitated when the patterns are 
sealed with one or two coats of a good grade of 
lacquer. This is followed by a coating of plaster 
parting compound such as stearic acid and kerosene 
that will not alter the detail or soften the face of 
the plaster cast. Upon removal of the plaster from 
the pattern, the cast should be placed on a flat sur- 
face that has been lubricated to permit free growth 
of the expanding medium. The surface plate or table 
top on which the cast is placed should be such that 
it will not have a chilling effect on the warm plaster 
during expansion. It has been found that a cold 
surface plate (below room temperature) will retard 
growth of the cast. By the same token cold water 
(below room temperature) will also retard expansion. 
Consequently, the pattern will not grow to the de- 
sired shrink allowance. The water temperature 
should be approximately 70 to 75 F for optimum re- 
sults. Care should be exercised to make sure that 
intricate-shaped patterns are properly supported when 
placed on the surface plate or table to prevent pos- 
sible warpage during ‘and after the expansion period. 


Methods and Techniques for Expanding Patterns 


One of the large aircraft manufacturers utilized 
high expansion plaster for a number of years in his 
drop hammer tooling program. The experience 
gained over the period of years is now reflected in 
their low over-all tooling time for casting kirksite 
dies. The time and effort put forth by their super- 
visory staff resulted in time savings of 40 to 65 per 
cent over the traditional method of pattern shrink al- 
lowance and die finishing for their kirksite drop ham- 
mer dies. 

This company developed a process for determining 
the expansion of the plaster cast as it expands to the 
desired oversize dimensions. This technique is a sup- 
plement to the standard aircraft tooling procedure 
since the mock-up or template setup is constructed 
in the usual manner by filling in the templates with 
a high-strength gypsum cement. As the gypsum cem- 
ent hardens, the surface is splined or screeded to form 
a smooth, accurate full scale model as illustrated by 
Fig. 1. The trim lines of the part are then scribed 
in the plaster and the entire surface given two coats 
of a good grade of clear lacquer. When the lacquer 
has dried the surface is coated with a parting com- 
pound such as stearic acid and kerosene, and then a 
splash cast or impression is made over the master 
original model. The cast is usually made with high 
strength gypsum cement which is approximately 114 
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in. to 2 in, in thickness and reinforced with sisal 
fibre, and a wood frame as illustrated by Fig. 2. The 
metal drill bar is then placed on the splash cast and 
two holes are drilled through the standard dimension 
gauge bushings. These holes will be transferred to 
the expansion plaster cast and then used to measure 
the growth of the cast. Dowel pins and bushings are 
placed in the drilled holes, and sides are built around 
the splash cast as illustrated in Fig. 2. The surface 
of the splash cast and the flask are given the usual 
coating of lacquer and stearic acid before pouring 
the expansion plaster. 


The high expansion or the medium high expan- 
sion gypsum cement is then mixed as outlined in 
Table 1 or 2. The mix is poured as shown in Fig. 
3. The initial set occurs shortly after the material 
loses its water gloss. After this period has been 
reached, close attention should be given to the pro- 
gress of the setting action. The cast will become 
warm when the set occurs. As soon as this heat can 
be felt, the dowel pins should be removed and the 
expanding cast separated from the high strength 
gypsum cement splash. The expanding cast should 
be placed on a flat table that has been greased so 
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that it will be free to expand, as illustrated by Fig. 
4. We have found from experience that table tops 
that have not been lubricated will often restrict the 
growth of the pattern so that the desired expansion 
is not achieved. 

During the growth of the cast or pattern, expansion 
is checked through the use of trammel points which 
have been preset to the shrinkage dimension gauge 
on the drill bar. Use of the drill bar with the stand- 
ard drill dimension and the corresponding shrink 
dimension eliminates the need for shrink scales and 
the possibility of error. The 0.135-in. per ft expan- 
sion is usually accomplished in 2 to 214 hr. The ex- 
panded pattern is lacquered and given a coat of part- 
ing compound. A splash cast is then taken off of the 
oversize pattern from which the plaster foundry pat- 
tern is made, as shown in Fig. 5. This pattern is 
then checked for size and given the customary two 
or three coats of lacquer and sent to the foundry, to 
be reproduced into a zinc-base alloy. 


Gypsum Sand Mold Process 


Field evaluation has indicated pattern shop ac- 
ceptance of the high-expansion and medium-high ex- 
pansion gypsum cements in all parts of the country. 
The removal of the expansion plaster from intricate 
shaped patterns however, presented a problem in the 
shops where employees were not familiar with the 
proper handling techniques for the two materials. 
Immediately, a program was initiated to alleviate the 
parting difficulties that were experienced on the more 
complex designs with thin-walled ribs and intersec- 
tions found on many foundry patterns. It is believed 
that the use of the expanding gypsum cements would 
be simplified if they could be cast into a mold or 
patternmaking medium that would not restrict or 
confine the expansion. The result of the develop- 
ment program concluded that sand molds were the 
answer to expanding intricate-shaped patterns. 

Use of sand molds has facilitated the use of expan- 
sion plasters to such a degree that patterns of almost 
any design can be successfully made with shrink al- 
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lowance. It has been found that the finer grade o} 
sand such as No. 00 Albany sand will produce th: 
best surface detail. Expanded patterns poured in the 
coarse grade of sand often require some finishing t 
give the desired surface smoothness. 

Standard foundry practice is applied to produce the 
sand molds in which the expansion plaster is poured 
When the sand is rammed it should not be tamped 
as hard as the sand mold which is used for kirksite 
or other metal alloys. A standard size pattern exact 
in every dimension should be used as it will later 
serve as the master pattern for checking accuracy 
of the expanded cast. Before the face of the pattern 
is covered with sand, it should be powdered with a 
fine coat of parting as used in standard foundry 
practice. The parting can be pearl parting, lacopod- 
ium or walnut shell flour. When very fine sand is 
used no parting is necessary. Lacopodium hag been 
found to be the best parting medium and when used 
in conjunction with coarse sand, produces an ex- 
panded pattern with a smoother surface. 

After the sand molding is completed the flask is 
inverted and the standard scale pattern extracted or 
drawn from the sand. Caution must be exercised 
during removal of the pattern so that it is not rapped 
or bumped which would enlarge the sand mold cav- 
ity. Medium-high expansion or high expansion gyp- 
sum cement gauged and mixed as recommended for 
the desired expansion is then poured into the sand 
mold as illustrated in Fig. 6. Close observation of 
Fig. 6 will disclose the parting compound on the 
main channel section of the sand mold. Caution 
must also be exercised during the pouring of the 
expansion plaster so that the sand mold surface is 
not washed away. Sand wash can be avoided through 
the use of a baffle, a down gate, or by pouring through 
a spout which is 6 to 8 in. above the sand mold sur- 
face. Once the mold surface is covered with 2 to 3 
in. of plaster there is no danger of washing. A heavy 
mix of plaster will result with the low water ratios 
and will not flow freely, thus, it must be forced or 
tamped into place. Because of the heavy mix, some 





Fig. 6 


Fig. 7 
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oids may occur in the face of the expansion plaster 


ast. The voids can be filled after the cast has 
reached its maximum expansion. The sand mold 
should be filled completely with plaster so that this 
‘thickness is at least 4 to 5 in. See Table 2. 

When the expansion plaster begins to cream or be- 
come plastic, eye-bolts should be inserted in the cast 
as shown in Fig. 4. The bolts will facilitate handling 
of the plaster pattern in subsequent molding opera- 
tions. During this creamy stage, it is also advisable 
to imbed two standard steel scales in the plaster cast 
as shown in Fig. 7. As the plaster sets and expands, 
impressions made by the steel scales will grow pro- 
gressively larger to indicate or show the amount of 
expansion that has taken place. It is advisable to 
leave the expanding cast in the sand until the de- 
sired expansion has taken place and the plaster has 
cooled to room temperature. Upon shake-out a thin 
layer of sand will adhere to the surface of the ex- 
panded pattern and should be removed through the 
use of water and a soft brush or cloth. The pattern 
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is checked for size and then given the customary two 
or three coats of lacquer before being rammed up in 
sand to make the sand mold in which the kirksite is 
poured. : 


Summary 


Application of medium-high and high expansion 
gypsum cements, their characteristics and methods of 
handling have been set forth to illustrate the versa- 
tility of the materials in patternmaking for shrink al- 
lowance. Utilization of these materials will afford 
accuracy, expediency and economy where the tradi- 
tional equipment is being converted for the shell 
molding or Croning process. This and other pattern- 
making applications have been made possible through 
the use of expanding plasters. The material and 
techniques have been tried and proven, and will con- 
tinue to facilitate patternmaking as the patternmaker 
combines his ingenuity and skill in the use of high- 
expansion and medium high expansion gypsum 
cements. 








PATTERN APPRENTICE TRAINING PROGRAM 


By 


F. W. Burgdorfer* 


Those of us who have been associated with the 
foundry industry for the past few decades or so have 
witnessed many changes, particularly within the pat- 
tern division of this industry. There is no doubt that 
if the foundry had shown less ingenuity in meeting 
customers’ demands in past years, a larger portion of 
work would have been diverted to die fabricating, 
welding, etc., than was the case. 

It is well to remember that nothing in this life is 
self-sustaining. The very existence of our customers’ 
business depends upon how well they can meet com- 
petition. If they fail by using our products, then it is 
our entire industry that suffers, for more than likely 
they will turn to other methods of production. With 
a little more ingenuity and a lot more determination 
we can prevent further loss of ground and possibly 
regain some already lost. How? ‘Through proper 
apprenticeship training. 


Support Apprentice Training 


Apprenticeship training discussions are not new 
within the A.F.S. The first discussion on record took 
place at the first A.F.S. meeting in Philadelphia in 
1896, and it can well be said that the Apprentice 
Training Committee is one of the oldest functioning 
committees of A.F.S. However, support of appren- 
ticeship from outside the committee cannot boast of 
such a record. 

A tremendous factor overlooked by management 
today is that apprenticeship in this country is big 
business—one of the biggest. Today there are two 
main types of training in existence. One is the form 
of training students receive in the schools; the other 
is the training of apprentices who work for a wage re- 
ceived on the job. However, a vast difference exists 
between these two types of training. In the schools 
students are thoroughly screened before they are ad- 
mitted. They progress step by step through a planned 
course of study until they acquire the necessary knowl- 
edge. 

The apprentices, in most cases, are hired without 
proper screening and spend 4 or 5 years working in a 
shop without a definite training program. As a result, 
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at the end of 4 or 5 years we have men on our hands 
who are classed as journeymen but who cannot fulfill 
our or our customers’ demands. What are we going 
to do? Produce patterns and castings that lack accu- 
racy, cost more—lose our customers? Or is it our job 
to eliminate this condition by sound apprenticeship 
selection and training? 

Although management has recognized the impor- 
tance of acquiring and training a competent super- 
visory force, for a long time it has overlooked a very 
vital item—apprentice training. Management is to 
be commended for its fine work among university 
and college groups of young people in bringing the 
industry before them, but unless it includes appren- 
tice training it is only doing a halfway job, since 
supervisory personnel being trained in universities 
and colleges can only become a small part of the in- 
dustry’s personnel. If we are to meet outside com- 
petition, skilled tradesmen must always outnumber 
technical experts. 

It is impractical to fill the shops with enough tech- 
nical experts to personally supervise each journeyman. 
From a purely business point of view it is only sound 
logic that management should try to get along with as 
few of these people as possible. Each time a technical 
expert or such has to stop his work to explain a job 
or method, management is losing production. By 
properly training apprentices, journeymen are pro- 
duced who will require less supervision and who, in a 
limited way, will be management hired technical ex- 
perts at a far lower scale. 


Schools Are Source of Supply 


Many of the problems confronting the foundry in- 
dustry today are the same that confronted it 50 years 
ago; namely, the finding of young men who are will- 
ing to invest a few years of their lives in acquiring a 
worthwhile trade. Our source of apprentices at pres- 
ent is from the elementary and high schools but, un- 
fortunately, little effort has been made to date to bring 
our industry to their attention. This is not so with 
the professional and white-collar people. As a result, 
we are gradually losing our source of supply. 

One can ask a group of 25 or even 75 students, 
“What is patternmaking and why is it a desirable 
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rade?” If one gets an answer at all, it no doubt will 
pertain to dress patternmaking and not the foundry. 
The only sound answer to this problem is the formu- 
lation of joint area-wide apprentice training programs 
in every area in which the industry exists, by estab- 
lishing a joint management-labor committee to study 
industry needs and drafting a program that will sup- 
ply those needs. For an example, perhaps the problem 
in one area is that the ratio between apprentices and 
journeymen is too high. As a representative of man- 
agement, the chances of an individual in getting a 
Union to change its ratio rules are very slim, but if 
the problem is handled from a joint management- 
labor committee standpoint, the chances are very good 





Thomas Ross, Instructor at Rankin Trade School, St. 
Louis, about to discuss with students the wood pattern- 
making project in the 1949 A.F.S. Apprentice Contest. 


that the condition can -be corrected. How? Because 
we will have the help of the Labor members of the 
Committee to do the job. 

This particular problem was encountered in St. 
Louis in the metal division of the industry. For years 
individual employers had tried to get additional metal 
apprentices, without success. But once the Joint Com- 
mittee tackled the problem we had all the apprentices 
we could handle, for both wood and metal. 

With the establishment of a committee to super- 
vise established apprenticeship training programs, 
apprentices can be properly screened before entering 
the trade; the Committee can examine the apprentices 
at various times during their terms of apprenticeship 
and if it is found that they are lacking what it takes 
to become journeymen, they can be weeded out long 
before they are classed as such. The committee can 
recommend apprenticeship training changes that will 
benefit the apprentice and at the same time supply 
management with competent journeymen. 

The committee can stage “Certificate of Completion 
Ceremonies” that will bring before the public the 
activities and work of the industry, particularly to the 
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group of elementary and high school students we de- 
sire as future apprentices. Since both management 
and labor take an equal part in such completion cere- 
monies, newspaper coverage is readily available. It is 
this type of publicity that brings the industry before 
the parents of young men and governs the magnitude 
of influence which they will exert over their sons to 
enter the industry. 


Develop Modern Training Methods 


In the early 1940’s the St. Louis Pattern Manufac- 
turers Association met with the U. S. Department of 
Labor Bureau of Apprenticeship and requested assist- 
ance in banishing the antiquated pick-and-shovel tech- 
nique of apprenticeship and developing a modern 
bulldozer method to meet the changing demands of 
the industry in the area. With this assistance, a joint 
management-labor apprenticeship committee was 
formed and named the St. Louis and Vicinity Joint 
Apprenticeship and Training Committee. 

From the start, the committee was mindful of the 
fact that basic and paramount in the complex rela- 
tions of modern patternmaking is the skill with which 
its journeymen can bring to life, in three-dimensional 
models, live perspective drawings in the least time and 
with the greatest accuracy man can obtain. 

The scope of the committee’s activities since its 
formation includes the screening of apprenticeship 
applicants; supervision of related training courses con- 
ducted in vocational schools during off-work hours; 
giving of periodic examinations to apprentices; and 
making training recommendations to employers. 

In order that the apprentices in the St. Louis area 
might be afforded the opportunity of furthering their 
knowledge of patternmaking, the Joint Apprentice- 
ship Committee purchased and maintains a free lend- 
ing library covering the fundamental principles of all 
types of molding, coremaking, and the use of molding 
machinery. Included in this library are books on 
wood, metal and plaster patternmaking, as well as 
books on mathematical principles and fundamentals. 
We have been informed by the Bureau of Appren- 
ticeship that this is the only apprenticeship committee 
having a program registered with them that person- 
ally owns such an apprentice lending library. 


Program Makes Journeymen 


Many of the problems which existed in the begin- 
ning took both the cooperation and patience of labor 
and management to work out satisfactorily. How- 
ever, not only did the committee stay with the basic 
problems and iron them out, but it continued to meet 
periodically until it has developed an established ap- 
prenticeship program which makes journeymen in 
every sense of the word. However, even though we 
have come a long way, we are reluctant to even now 
slacken our efforts to improve our program. 

At the present time, the committee is endeavoring 
to institute a plan whereby the patternmaking ap- 
prentices in the area will be able to rotate from one 
employer to another for 6-month periods after they 
have completed their third year as apprentices. Most 
pattern job shops specialize in one class of work. This 
being the case, it is easy to see why a large percentage 
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of present job-shop apprentices become journeymen 
with a very limited knowledge of the industry. 

The effect of the apprentice’s lack of all-around 
kno-vledge has been made very apparent through our 
system of giving each apprentice a periodic examina- 
tion every 6 months. We find that many of the ap- 
prentices employed in job shops cannot tell how cast 
aluminum match plates are made, how plate thickness 
is obtained, or how a squeezer or any other molding 
machine works. The seriousness of this lack of all- 
around trade knowledge is shown whenever a job-shop 
employer hires a journeyman who has only worked in 
a commercial shop, or when a commercial shop hires 
a job-shop journeyman. The usual result is that some- 
one has to spend the time showing the man foundry 
practices in order that he may perform some simple 
operation—an operation he should have learned as an 
apprentice. 

Training Program Varies With Locality 


Since each area in this country is confronted with 
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different problems as far as apprenticeship training is 
concerned, no one finished program can be adopted. 
The complete program followed in St. Louis might be 
ideal for an area in Michigan, but might be impracti- 
cal for an area in Pennsylvania or New York. How- 
ever, we believe that a basic program such as the one 
we started with should be adopted and used as a blue- 
print or, using a term of the trade, “bottom board,” 
from which practical, sound apprenticeship programs 
can be built in individual areas. Thus, each area, 
although it will start with a basic program, will be 
able to tailor-make a finished program to fit the needs. 

Another policy management should adopt is a pro- 
gram in which each apprentice is placed on a 6-month 
probationary period before final selection as an ap- 
prentice is made. At the end of this period we believe 
every apprentice should be required to read and an- 
swer the questions following the chapter in the article 
by Paul A. Barrett in Readings and Trade Literature 
entitled “Patternmaking.” 
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HOW TO MAINTAIN 


FOUN DRY 


VENTILATION AND 


DUST COLLECTING SYSTEMS 


By 


Kenneth M. Smith* 


Have you ever been troubled by production equip- 
ment shutdowns caused by the failure of dust collect- 
ing or ventilating systems? If you have ever had such 
troubles, you are well aware of how costly such inter- 
ruptions can be! An adequate preventive mainten- 
ance program built upon the design features outlined 
in the following discussion will pay for itself by 
eliminating a large part of the losses incurred when 
production workers and equipment cannot be prop- 
erly utilized while essential service equipment is being 
repaired. 

Effective maintenance of foundry ventilation and 
dust collecting systems consists quite simply of three 
things. First, design rugged systems with the realiza- 
tion that many parts of the systems may require rou- 
tine cleaning and eventual replacement. Second, in- 
stall all parts of the systems with the thought “Be 
sure this part can easily and quickly be replaced or 
cleaned.” Third, establish a routine procedure for 
the observation and care of all existing systems by 
competent persons. 

The first reaction to these requirements frequently 
is “What about systems already built which do not 
fit these requirements?” The best answer to this is 
“Follow the above steps for normal operation and in 
planning for or doing any future maintenance.” If 
given the proper encouragement, competent tinners, 
millwrights and electricians can be of valuable assist- 
ance in determining the necessary changes and addi- 
tions for simplifying and speeding up maintenance 
of the system parts. 

An important rule in system design for good main- 
tenance is “Always provide enough room for the 
convenient installation, cleaning, or removal of any 
system part whether it is a hood, duct, dust collector 
part, fan, or motor.” For example, the intentional 
permanent installation of a simple monorail beam or 
bridge crane will speed up both the original installa- 
tion and maintenance work on the fan and motor of 
any system. Since this hoisting equipment will ordin- 
arily be used at infrequent intervals, it is more eco- 
nomical to have one chain hoist available for use 


* Foundry Engineer, Caterpillar Tractor Co., Peoria, Ill. 
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with a number of bridge cranes or monorails, but a 
hoist dolly should be permanently installed in each 
case. 

Adequate service catwalks and ladders should be 
installed for all equipment to provide worker safety, 
convenient operation, and convenient maintenance. 

The first step in the installation of any ventilation 
or dust collecting system is the making of the neces- 
sary completely dimensioned drawings. Since the 
majority of ventilation and dust collecting systems 
are built from simple schematic drawings or verbal 
instructions, too few dimensional records exist for 
effective use in maintenance work. However, the 
tinners and millwrights of necessity make a variety of 
dimensional sketches on the job in order to construct 
the parts. Rarely is any attempt made to save and 
properly identify these sketches. Why not supply the 
craftsmen with tracing paper sketch pads* and en- 
courage them to use them for their fabrication 
sketches! The set of grid sheets which come with 
these pads will help the craftsmen make more useful 
drawings in less time, and the drawings can be blue- 
printed for future maintenance use. Since these 
sketches will usually be of business letter size, they 
are easy to handle at the job where final changes and 
details can easily be recorded. For those companies 
which make detailed engineering drawings of system 
parts the sketch pad system is a convenient one for 
sending on-the-job changes back to the engineering 
department. 

When a system installation is completed, copies of 
these construction sketches should be made up into a 
booklet which should also include the complete name- 
plate data of all equipment, lists and spare parts refer- 
ence drawings for all equipment, and actual system 
operating data such as air inlet or outlet velocities 
and volumes, suction and pressure readings at various 
points in the system, fan speed, and motor ampere 
loadings. Each booklet should contain an index of its 
contents with a complete description of all drawings 
including those which may be too large to fasten into 


Dietzgen No. 374W, 814 in. x 11 in. size; No. 373B, 11 in. x 14 
in. size: No. 373T, 14 in. x 17 in. size; Post No, 173A, 814 x 11 
in. size; No, 173C, 12 in. x 18 in. size. 
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Fig. 1—Mutltiblade squirrel cage cen- 
trifugal fan impeller. 








Fig. 3—Radial blade paddle wheel 
centrifugal fan impeller. 


Fig. 2—Backward inclined wide 
blade non-overloading centrifugal 
fan impeller. 





the booklet. Many system records have been crippled 
by the loss of improperly recorded drawings. 

A master file of all tracings, parts lists, and related 
drawings should be kept in such a place that they will 
not be lost by maintenance shop use. 


Fans 


Most fan troubles result from four basic causes 
(1) dirt build up on impeller or housing, (2) abrasive 
cutting of impeller and housing, (3) too much heat 
transmitted to bearings in the case of high tempera- 
ture systems for core ovens or cupola hot blasts, and 
(4) indifferent care of fan drive and _ bearings. 
While vibration may also seem to be a primary cause 
of fan failure, the vibration itself is the result of one 
of the above four basic causes unless the fan was 
damaged when installed. 

Prevention of fan troubles logically follows the 
pattern of the four basic troubles. First, study the 
source of any material which may build up on fan 
surfaces. Can any changes be made in the system to 
reduce the solid material carried through the fan? 
Next, consider the type of fan in relation to the type 
of system. Centrifugal fans with multi-blade squirrel 
cage impellers (Fig. 1) are not suitable for foundry 
exhaust systems. The narrow curved blades collect 
dirt too readily for reliable system operation. Dirt 


Fig. 4—Repaired impeller for centrifugal fan. 





build up will not be uniform on all blades, and the 
fan will soon vibrate. These fans should be replaced 
by backward inclined wide blade non-overloading 
centrifugal fans (Fig. 2) or by radial blade paddle 
wheel centrifugal fans (Fig. 3). For the same volume 
of air handled the paddle wheel fan will require more 
power. Consequently, it tends to be used primarily in 
systems handling highly abrasive gases, in core oven 
circulating systems where an accidental fire will not 
damage the fan, and in pattern shop shavings con- 
veyor systems. 

As a means of encouraging more effective removal 
of any dirt build up in any kind of fan, adequate 
service doors should be built into the fan itself or 
into the duct system on both sides of the fan. On 
centrifugal fans a large section of the scroll sheet 


Fig. 5—Worn propeller duct fan. 



















[S 





K. M. SMITH 


487 





FAN DISCHARGE 
FAN IMPELLOR 


ALTERNATE FAN 
DISCHARGE POSITIONS 









































COUNTER CLOCKWISE ROTATION FAN ARRANGEMENT 


Fig. 6—Correct direction of rotation for centrifugal fans. 





























CLOCKWISE ROTATION FAN ARRANGEMENT 











should be made removable for cleaning and inspec- 
tion purposes. The removable section should be pro- 
vided with sturdy clamps and effective seals. While 
this alteration is being made on a centrifugal fan, it 
will sometimes be beneficial to rework the fan hous- 
ing so the fan impeller and also the motor in the 
case of direct mounted fans can be removed as a 
unit for maintenance servicing without disturbing 
the fan duct connections. Replaceable liner plates 
could also be installed at the same time for those 
fans where undue abrasive wear is unavoidable. 

All centrifugal fans should be inspected regularly 
for the effects of abrasive wear or corrosion. On the 
impellers watch carefully for the appearance of eroded 
rivet and bolt heads, and for cutting of the blades 
next to the rear impeller disc. Steel impellers can 
he repaired by welding on wear or patch plates (Fig. 
4) if the impeller is carefully balanced afterwards. 
Balancing is easily done by adding arc weld beads to 
the patches. Make all patches in a uniform pattern 
both radially and lengthwise of the impeller since 
patches at different distances from one end of the im- 
peller may balance on the balancing rolls, but the im- 
peller will try to wobble when the fan is run at oper- 
ating speed. 

For all systems having dust collectors the fan should 
be installed after the dust collector for best fan life. 

Propeller fans should not be used for handling air 
containing large amounts of abrasive dust because 
most of the impellers are made of aluminum which 
will wear away quite rapidly. If your propeller fan 
blades wear like those in Fig. 5, you should consider 
installation of a dust collector in that system. Con- 
venient service doors should be installed above and 
below propeller fans to insure their proper main- 
tenance. 


Large mesh round wire screens should be installed 
below or around propeller fans wherever a flying 
propeller part could cause personal injury. Roof in- 
stallations are frequent violators of this safety pre- 
caution. Propeller fans within ready reaching dis- 
tance of anyone should have a wire guard with open- 
ings small enough to prevent fingers from reaching 
the fan blades. Always avoid the use of expanded 
sheet metal for fan guards because of the undesirable 
resistance to air flow. 

If bearing troubles are encountered on fans hand- 
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Fig. 7—Correct direction of rotation for propeller fans. 
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ling high temperature air, make sure the fan was 
originally built for high temperature service. The 
impeller shaft of high temperature centrifugal fans 
will have some form of heat dissipating device be- 
tween the fan and its bearings. This device may be 
a small fan impeller to circulate cooling air around 
the shaft; it may be circular plate rings, or a slotted 
shaft; or in extreme cases a water cooling system for 
the bearing may be used. Heat radiation from an 
uninsulated fan housing may cause bearing troubles. 

Propeller fans for high temperature service will 
have water-cooled bearings. Pressure and tempera- 
ture limit switches installed on the discharge side of 
any water cooled bearing are desirable protection 
measures. 

All mechanics and electricians should thoroughly 
understand the correct direction of rotation of cen- 
trifugal and propeller fans as shown in Figs. 6 and 
7. Unfortunately most fans will discharge some air 
when running backwards so air movement is not an 
adequate test for correct fan rotation. 

The V-belts on all fan drives should be kept tight, 
and all motors should have take-up bases. When a 
belt in a multiple belt drive breaks, all the belts 
should be changed at the earliest fan shut down 
period. The belts in a multiple V-belt drive should 
have a matching number variation of not more than 
two. These matching numbers are stamped on the 
bolts in addition to the belt size number. When un- 
matched V-belts are used, some of the belts will not 
carry their share of the load thus leading to pre- 
mature failure of the drive. 

Foundry fans should be equipped with heavy duty 
grease lubricated ball or roller bearing units having 
excellent grease seals. Commercial bearing units are 
available for rebuilding or replacement purposes on 
most centrifugal fans. Ring oiled or grease lubricated 
babbit bearings are too easily contaminated with 
abrasive dusts in foundry installations. Ball or roller 
bearing units should be greased on a regular sched- 
ule, but they should not be overgreased. Greasing 
once a month is usually adequate for centrifugal fan 
bearings. Most propeller fan bearings should be 
greased more frequently because the grease may drain 
away from the top bearing of propeller fans mounted 
in a vertical position. 

All foundry motors should be of the totally en- 
closed or totally enclosed fan-cooled type with grease 
lubricated ball bearings. Greasing should be done 
at the regular intervals recommended by the motor 
manufacturer. The air passages through the motor 
housing should be blown out occasionally to prevent 
motor overheating. 


Ducts 

Galvanized iron or black iron can be used for 
foundry duct systems. In the case of black iron the 
inside of the ducts and all other duct parts exposed 
to the weather must be given a heavy duty corro- 
sion resistant coating. Bitumastic type paints are 
excellent for this purpose. Pressure duct leaks can be 
prevented by applying a heavy bitumastic material 
to the flange faces when the ducts are installed. 

All duct systems should be provided with a liberal 
number of cleanout openings. For large ducts these 


openings should be large enough for a man to enter. 
Many overhead ducts can thus be conveniently in- 
spected and cleaned. These openings are especially 
useful on both sides of all fans. Clamp tight seals 
should be provided on all pressure ducts, and close 
fitting covers can be used on suction ducts, 

Where duct dampers are needed use sturdy damp- 
ers and pivot rods, and heavy duty quadrants which 
should be installed with the control arm always par- 
allel to the damper itself. When a system has been 
properly balanced, the damper quadrants should be 
clearly marked with the proper position. Otherwise 
incorrect settings will creep into the system, and over- 
ventilation of some hoods may cause the unwanted 
pick-up of fine materials while other hoods will suf- 
fer from underventilation. 

When altering a dust collecting system, always be 
wary of overhead unused ducts or ducts too large for 
the suction pipes leading into them because they may 
fill up with dust and collapse. 

Mold conveyor pouring, cooling, and break-apart 
ducts should be cleaned regularly to prevent the ac- 
cumulation of combustible materials. Often suff- 
cient core oil fumes and moisture are contained in 
the exhaust gases to cause a sticky deposit inside the 
duct. , These ducts can be cleaned by installing steam 
jets at the duct entrance and drain openings at the 
proper places in the ducts to permit periodical steam- 
ing out of the sticky coating. If ducts plug up dur- 
ing cold weather only, condensation is the trouble, 
and the duct surfaces are too cold. Insulation of the 
duct or heating of the duct should eliminate the 
trouble. 

A dangerous fire hazard frequently exists in core 
oven exhaust systems where a thick resinous coating 
which is difficult to remove often builds up on the 
inside of the ducts. This trouble can be eliminated 
for ducts where the gas temperature is above 250 F 
by installing double wall sheet metal ducts (Fig. 8) 
with a 2-in. dead air space between the inner and 
outer ducts. Conventional insulation of the duct may 
seem to be a more simple answer, but when the ori- 
ginal duct is replaced, as it should be to secure a 
completely safe system, the double wall sheet metal 
duct is the most convenient and economical to install. 
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Fig. 8—Double wall exhaust duct for core ovens. 
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Fig. 9—Heavy duty shake-out side exhaust hood. 


Hoods 


The rules for effective foundry exhaust hood main- 
tenance are (1) build rugged hoods, (2) provide ade- 
quate rugged doors for the maintenance or removal 
of any enclosed equipment and for cleaning the 
hood, (3) make the hood large enough for conven- 
ient maintenance of enclosed equipment, and (4) 
clean regularly all hoods where dirt build up occurs. 

All foundry exhaust hoods should be built to 
withstand vibration, impact, erosion, and corrosion. 
The minimum metal thickness for any hood should 
be 16 gage and 10 gage material can profitably be 
used for hood sections near floor level. Impact ex- 
posure can be expected for most floor level hoods. 
In order to provide flexibility for miscellaneous main- 
tenance operations hoods, as much as possible, should 
be made up of angle iron flanged panels bolted 
together. 

Heavy duty crane serviced shake-out hoods should 
be constructed of 14-in, plate unless a rugged set of 
bumper rails protects the sheet metal hood. Figure 
9 shows a crane serviced shake-out hood constructed 
of 14-in. plate which has withstood many years of 
heavy duty useage. The hood face entrance slots are 
formed by 3-in. steel pipes welded into a substantial 
structural steel frame with cover plates welded to 
pairs of the pipes to allow the hood designer a choice 
of air inlet slot widths. 

This hood also has a sturdy door behind the left 
wing which provides easy entrance for lubricating and 
inspecting the shake-out and for cleaning the under- 
ground exhaust duct entrance screens. This door has 
heavy steel block hinges with 54-in. hinge pins and 
heavy bar steel latches to withstand the vibration and 
impact which the hood receives. This entire exhaust 
hood can be removed in a single piece by the 5-ton 
overhead crane whenever shake-out replacement is 
necessary. The wings at the ends of the hood con- 
trol the effects of strong cross drafts. 

A shake-out exhaust hood which includes many 
desirable features is shown in Fig. 10. This hood has 
two well built doors large enough for convenient re- 
moval of the shake-out by means of the two built in 
monorails and chain hoists.. A service door, adequate 
room inside the hood, and built in lights provide for 
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convenient routine maintenance of the enclosed 
equipment. 

Mold conveyor cooling tunnels should be wide 
enough and high enough for convenient entry for 
cleaning, inspecting, or repairing of the mold con- 
veyor cars, track, and chain. A dislodged mold in a 
close fitting tunnel can cause a wreck which is diff- 
cult to repair. 

Bucket elevator and conveyor belt discharge points 
should be provided with liberally sized hoods with 
the suction connection located in the position to pro- 
vide the greatest gravity settling of the sand fines. 

Exhaust hood faces and interiors, especially those 
serving mold pouring, cooling, and break-apart zones, 
should be cleaned regularly to reduce the fire hazard 
from soot or core oil resin deposits. Sand mixer ex- 
haust systems also need regular cleaning and inspec- 
tion for corroded ducts. 

Wheel hoods for heavy duty stand grinders illustrate 
the application of most of the foregoing rules. The 
hood should be built of heavy plate for safety reasons. 
A heavy hinged door with substantial locks provides 
safety and convenient wheel removal. A well fitted 
cleanout door or dust box is needed for regular clean- 
ing purposes. The hood side plates should fit closely 
to the side of the wheel, and an easily adjustable spark 
guard is needed, to reduce the effects of wheel fan ac- 
tion which may be compared to a cross draft. 


Air Heaters 


The two types of air heaters most used in foundries 
(1) the unit heater with a propeller fan, and (2) the 
multiple centrifugal fan heater have similar mainten- 
ance problems. The air heating coils should be 
cleaned twice a year because most air heater fans are 
also used for air circulation during the summer 
months. For most effective heater cleaning both sides 
of the coils and fans should be conveniently acces- 
sible. Catwalks should be provided for all heaters 
which cannot be safely maintained from a portable 
ladder. 

If only dry dust has deposited in the heater coils, 
an air jet will clean them, but the dislodged dust is 





Fig. 10—Shake-out exhaust hood with built in mainten- 
ance hoists. 
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Fig. 11—Simple U-tube and duct connections for checking system performance. 





a nuisance. If the dirt is hard or at all sticky, a steam 
cleaner will do a much better and quicker job. For 
convenient coil cleaning the bolted on fan mounting 
used on most unit heaters can be changed to a hinged 
mount so the fan can be easily swung aside. A simple 
light weight shield and drip pan can then be hung 
on the heater to catch the dirt and drippings as the 
heater is steam cleaned. More carefully fitted drip 
pans are needed for steam cleaning centrifugal fan 
heaters. 

The centrifugal fan heater impeller will need more 
frequent cleaning than does the propeller fan. 

Wherever possible air heaters should be arranged to 
heat outside air in order to provide make-up air 
for the foundry exhaust systems. Non-freeze type coils 
give greater safety from coil freeze-up in very cold 
weather. A thermostat installed in the hot air side 
of a heater system can be used to operate intake and 
recirculation damper controls as protection against 
both steam trap plugging and extremely low incom- 
ing air temperatures. However, these low tempera- 
ture controls should be periodically checked for prop- 
er operation during cold weather by turning off the 
steam to the heater for a short time. 


Dust Collectors 


Foundry dust collectors can be divided into two 
general classes (1) the dry collector which collects 
dusts in the dry state and (2) the wet collector which 
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Fig. 12—Vertical cloth tube dry dust collector. 

















collects dusts by the use of water. Generally, the 
collected material from the dry collector is removed 
from the collector and disposed of in the dry state. 
The collected material from wet collectors is re- 
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Fig. 13—Felt tube dry dust collector. 
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Fig. 14—Flat cloth envelope dry dust collector. 








Cet 
| 


491 


moved from the bottom of the collector by hand or 
by a chain drag conveyor as a sludge, or it is sluiced 
from the bottom of the collector to settling tanks or 
basins where the water can drain off leaving a damp 
material. 

The types of dry dust collectors are vertical cloth 
tube collector (Fig. 12); heavy felt tube collector (Fig. 
13); flat cloth envelope collector (Fig. 14); cyclone 
collector (Fig. 15); multiple cyclone collector (Fig. 
16); and dry rotary centrifugal collector (Fig. 20). 

The types of wet dust collectors are wet cyclone col- 





Fig. 15—Dry cyclone dust collector. 
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Fig. 16—Multiple cyclone dust collector. 


lector (Figs. 17 and 18) wet rotary centrifugal col- 
lector (Fig. 21) and turbulent water bath collector 
(Figs. 22 and 23). 

There are three general rules for the proper main- 
tenance of all dust collectors (1) remove collected 
material regularly from the collector hoppers, (2) in- 
spect all parts of collector on a definite schedule and 
(3) do not neglect the proper repairs to the. collector. 
Adequate inspection and service doors are a must for 
all dust collectors. 

When the hoppers of dry dust collectors are not 
emptied regularly, the dry dust will frequently build 
up to the point where it will be recirculated, thus 
causing undue localized wear. In the case of the 
dry cyclone the dust will be carried through the 
collector if the hopper is too full of material. 

If the collected material is not removed from wet 
collectors often enough, sludge will build up on the 
collector surfaces. When this build-up reaches the 
moisture eliminator section, dirt will soon cause fan 
trouble as discussed under fan maintenance. 

A most convenient indication of the general operat- 
ing condition of a dust collector is given by the pres- 
sure drop from the inlet to the outlet of the collector. 
If there is much change in the typical pressure drop, 





look for changes in the collector or its attached ex- 
haust system. A permanently installed U-tube is a 
convenient method of measuring pressure drop if the 
U-tube and its connections are properly maintained. 
However, a simple U-tube which can be used for 
checking both dust collectors and other parts of air 
handling systems can easily be made from lengths of 
glass or clear plastic tubing, rubber tubing, and a 
l-hole rubber stopper as shown in Fig. 11. When 
this U-tube is used, the pressure drop across a collec- 
tor is the difference between the individual readings 
taken at the inlet and at the outlet of the collector. 
For collectors with built-in fans these readings must 
be taken across the dust collecting section only. 
This same U-tube is a useful tool for checking duct 
systems once a record has been made of the U-tube 
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Fig. 17—-Wet cyclone dust collector. 
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readings for definite locations with the system operat- 
ing properly. Significant variations from the accept- 
able pressure readings will give warning that a system 
inspection is needed. 


Cloth Type Dust Collectors 


Cloth type dust collectors should not be used in 
exhaust systems where moisture, core oil vapors, or 
gummy materials are present in the air handled. 

All cloth tubes and envelopes for foundry dust 
collectors should be given a flame-proofing treatment 
because of the widespread use of welding for construc- 
tion and maintenance work. All cloth tubes and en- 
velopes should be securely sealed to their inlet header 
or grid. To prevent premature wear or tearing of 
cloth envelopes they should not be stretched too tight- 
ly when assembled into the collector. Cloth tubes 
shoula not be under tension during any part of the 
shaker mechanism stroke. 

Cloth collector fabric leakage checks should first be 
made from the clean air side of the dust collector be- 
cause dust leaks will reveal themselves by staining of 
the tubes and envelopes or by dust accumulations. 
Ordinarily a set of cloth tubes or envelopes will last 
for several years of 24-hr per day service. A worn fan 
impeller indicates gross neglect of fabric mainten- 
ance if the fan is installed on the clean air side of the 
collector as it should be. 

All cloth collectors (Figs. 12 and 14) should be 
rapped or shaken down regularly with the fan turned 
off. An automatic timed relay is very useful for 
operating the rapping device for a set time after the 
fan is turned off. Since a shakedown every 8 hr is 
usually often enough, lunch periods make an ideal 
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Fig. 18—-Wet cyclone dust collector. 
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Fig. 19—-Twin manual sludge dewatering tank. 


time for shakedowns when the collector is used three 
shifts a day. 

If the collector has spark screens, they should also 
be cleaned at regular times. 

The pressure drop through the collector should 
not be more than 4 in. of water just before the shake- 
down cycle. If the pressure drop is greater than 4 in., 
the collector should be shaken down more frequently. 
If the collector pressure drop is more than 4 in, of 
water after a thorough shakedown, the collector is 
handling too much air or the cloth pores are clogged 
by sticky materials or from moisture in the air. The 
usual design volume of air per square foot of collector 
cloth for foundry use is 3 cu ft per min. 

Points to check in a routine inspection of cloth 
type collectors are (1) cloth envelopes or tubes for 
leakage or holes, (2) complete rapping mechanism in- 
cluding the individual rapping hooks or cranks for 
insufficient rapping action, (3) collector shell for 
holes or material build up, (4) collector baffle plates 
for wear, (5) spark screens for plugging or wear, (6) 
hoppers for wear or dirt build up, (7) hopper valves 
whether rotary or dribble type for wear or defective 
operation which could allow air or dust leakage, (8) 
condition of discharge screw conveyor if one is used, 
(9) fan as described under fan maintenance. 


Felt Tube Dust Collectors 


Since the felt tube dust collector (Fig. 13) has air 
jet cleaning rings around each tube which travel 
intermittently up and down the outside of each tube 
as required, the pressure drop across the collector 
should remain almost constant from day to day. Con- 
sequently this type of collector should be equipped 
with a permanently connected U-tube for measuring 
the pressure drop because a change of pressure drop 
can be the signal for possible trouble. A decrease in 
the pressure drop can indicate a hole in the collector 
tubes, an obstruction in the attached exhaust system, 
or plugging of the U-tube piping. An unusual in- 
crease in the pressure drop can indicate a failure of 
the air jet traverse equipment or air supply hose, or 
a failure of the air jet blower or blower intake filter. 
The pressure drop will also change if the inspection 
doors are left open. 
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Fig. 20—Rotary centrifugal dry dust collector. 


Dry Cyclone and Multiple Cyclone 


Cyclone collectors (Fig. 15) for foundry service 
should be built of 14-in. and 3%-in. steel plate because 
of the abrasive nature of foundry dusts. Flanged sec- 
tional construction, wear plates, and in some cases 
rubber liners are useful features for maintenance con- 
venience. Cyclones serving as sawdust collectors need 
not be as heavily built. 

Multiple cyclones (Fig. 16) should have their inlet 
and outlet connections tightly sealed into their re- 
spective header plates to prevent dust from bypassing 
the cyclones. Multiple cyclones using short multi- 
vaned swirl rings should be protected against wood 
pieces, paper, and rags by installing 34-in. mesh round 
wire screens at the duct inlets. When necessary, chains 
suspended in the center of the individual small cy- 
clones will keep them relatively free of deposited 
material. 


Dry Rotary Centrifugal Collectors 


Dry rotary centrifugal collectors (Fig. 20) combine 
the dust separator and fan functions into a single 
unit. For foundry service these units should have 
liners in the back housing at the rear of the scroll 
casting to eliminate wear on this housing. In many 
foundry installations a precleaner, also with wear 
plates, should be installed on the collector inlet. 

Empty the dust hopper regularly so the collected 
dust will not be carried back into the impeller. Be 
sure the dust hopper is vented back to the collector. 
Inspect the impeller and wear liners at 6-month in- 
tervals. If the tips of the impeller blades wear off, 
the entire impeller should be rebladed. 


Wet Type Dust Collectors 


While the wet type dust collector provides a non- 
hazardous collected material discharge, the collector 
and its material handling equipment must be proper- 


MO 


ly maintained to prevent undue wear, corrosion, or 
material build-up. 

All collector surfaces in contact with water or moist 
air should be coated with a high quality water re- 
sistant, abrasion resistant, and rust preventive coat- 
ing. These coatings may be paints, sprayed plastics, 
or bituminous base materials depending upon the 
severity of the exposure. Since a material build-up 
tends to take place slowly on the internal surfaces of 
wet collectors, these surfaces should be carefully 
cleaned and the protective coatings repaired once a 
year. Material which can be dislodged by flushing 
should be removed at more frequent intervals. The 
wet collector should be repainted inside and outside 
at least every 5 years. 

Wet Cyclone Collectors 

The wet cyclone collector (Figs. 17 and 18) must 
be supplied with an adequate flow of clean water. 
A fresh water supply reduces the maintenance clean- 
ing of the collector, but in many localities fresh water 
is too expensive. Where a water recirculation system 
is used adequate settling tanks must be provided in 
keeping with the equipment manufacturers specifica- 
tions. 

The fan of a wet cyclone collector should not be 
run unless water is flowing through the collector. 
When the collector is being shut down, the water 
should be allowed to flow through the collector for a 
half hour after the fan has been turned off in order 
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Fig. 21—Rotary centrifugal wet dust collector. 
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to adequately flush the collector. 

The collector should be checked throughout at 3- 
month intervals for unusual accumulations of mat- 
erials. The collector should be thoroughly cleaned 
at least once a year. 

If spray nozzles are used in the collector, they 
should be checked for plugging at least once a week. 


Sludge Settling Tanks 


Proper operation of sludge settling tanks is essen- 
tial. Do not try to completely fill the settling chamb- 
ers of dewatering tanks (Fig. 19) with sludge. Small 
tanks should not be filled over half full and large 
tanks not over two-thirds full in order to provide a 
very low water velocity across the tank. Silt should be 
removed from the bottom of the clean water chamber 
at regular intervals. Not over 7 in. of sludge should 
be allowed to accumulate in the bottom of wet col- 
lectors with built in sludge settling tanks. 

Sludge settling tanks with drag chain sludge con- 
veyors are built as separate assemblies or as integral 
parts of dust collectors as shown in Figs. 22 and 23. 
These sludge conveyors should be equipped with an 
automatic timer which will run the conveyor for at 
least 45 min after the fan is turned off in order to 
remove sludge which may harden in the bottom of 
the tank during a weekend shut-down. In any case 
the bottom of the tank should be equipped with re- 
placeable wear plates or replaceable guides. 

If a bath of used oil is kept floating on top of the 
water in the section of the tank where the drag chain 
emerges from the water, wear and corrosion of the 


Fig. 22—Turbulent water bath dust collector. 
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Fig. 23—-Turbulent water bath dust collector. 


drag chain will be greatly reduced. Where necessary 
a simple baffle can be installed to prevent the oil 
from flowing out the overflow connection. 

Pumps for handling water from sludge settling 
tanks should be of the type designed for handling 
abrasive materials. 

Wet Rotary Centrifugal Collector 

The wet rotary centrifugal collector (Fig. 21) is 
quite similar to the dry type (Fig. 20) with the addi- 
tion of a wet precleaner and a water spray at the 
impeller inlet. Clean water should be supplied to 
the spray nozzles. The impeller spray nozzle should 
produce a symmetrical pattern to adequately flush 
the impeller. All nozzles should be checked periodic- 
ally for plugging or wear. 

The drain pipe connected to the collector air out- 
let should be checked periodically for plugging. A 
plugged drain may cause the formation of a water 
trap which in turn may reduce the volume of air 
handled by the collector. 

Sludge ejector equipment and collector surfaces’ 
should be maintained as outlined in the sections on 
sludge settling tanks and on wet type dust collectors. 


Turbulent Water Bath Collectors—Turbulent water 
bath collectors (Figs. 22 and 23) use baffles to force 
the air to travel through the water bath. These 
baffles and the moisture eliminator plates should be 
checked regularly for dirt buildup. A high pressure 
water jet with an ample length of hose should be 
provided for periodically washing down most wet 
collectors. 

When baffles are removable for cleaning, they must 
be replaced correctly. When the moisture elimina- 
tors are replaced, the angle lips should face against 
the air flow. 

The water overflow pipe should always be kept 
open to prevent too high a water level which will 
reduce the air capacity of the collector. The water 
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level regulation devices should be kept in good con- 
dition to prevent unnecessary water wastage or in- 
efficient collector operation if the water level is too 
low. 

The power driven rotary turbulence device which 
is used in some collector designs must be kept clean 
to prevent vibration. 


Conclusion 


A well planned and operated preventive mainten- 
ance program for foundry ventilation and dust col- 
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lecting equipment will not only permit full use of 
production equipment, but it will provide cleaner 
more comfortable working conditions in the foundry. 


Acknowledgment 

The writer would like to express appreciation to 
the Sturtevant Div., Westinghouse Electric Co., Amer- 
ican Wheelabrator & Equipment Co., Newcomb De- 
troit Co., Pangborn Corp., Buell Engineering Co., 
Western Precipitation Corp., Claude B. Schneible Co., 
Whiting Corp., American Air Filter Co, and Cater- 
pillar Tractor Co., for illustrations used in this paper. 








REFRACTORY SELECTION APPLIED TO 
BATCH TYPE AIR FURNACES 


By 


C. O. Schopp* and P. F. Ulmer* 


ABSTRACT 


This paper deals with a specific set of conditions represent- 
ing experience in the authors’ plant. 

It is believed that the experience here could be applied to 
similar operating conditions in areas suitably located to sources 
of refractories. Methods of selecting refractories manufactured 
from raw materials by processes that result in a product which 
will perform its intended function for the user are desired. 

For a given locality, the refractory producing the most metal 
per unit, ie., in terms of tapping block, sidewall brick or 
bung brick, will be the best. The chemical and physical make- 
up of the brick may be of secondary importance to proximity 
to the refractory plant, should transportation cost of the 
superior product render it uneconomical. The selection is 
properly made when the most economical refractory that will 
safely withstand the desired cycle of operations is found. 


This paper is designed to outline the experience in 
a specific plant when using refractories selected after 
many years testing by actual operations. During these 
years numerous tests have been suggested by suppliers, 


In this operation white cast iron is produced in 
batch-type furnaces, generally two successive heats per 
furnace per day. After a 5-~<lay cycle of ten heats, 
major repairs generally are found necessary. The 
furnace is rapidly cooled by slowly flowing water on 
the bottom after the last heat of the week. This rath- 
er drastic cooling procedure is necessary in order to 
reduce the temperature sufficiently so that repair 
crews can inspect the sidewalls and either completely 





Fig. 1 (above)—Fifteen-ton air 
furnace ready for operation. 


Fig. 2 (left)—Longitudinal 
cross section of air furnace. 





Fig. 3 (below)—Cross section 
of air furnace through the 











and it is felt that these tests have been evaluated with 
but one thought—that of obtaining a more satisfac- 
tory refractory for the application, from both operat- 
ing and cost standpoints. 

The term “air furnace” is restricted to apply to a 
reverberatory type powdered-coal-fired-furnace, in this 
case of 15-ton capacity, used for melting white cast 
iron. This iron when properly heat-treated results 
in the blackheart malleable iron, which is an im- 
portant engineering construction material of today. 





* Asst. Gen. Supt. and Chief Metallurgist, respectively, Ewart 
Works, Link-Belt Co., Indianapolis, Ind. 
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Fig. 4—Lined air furnace bung ready for use. 





Fig. 5—Metal bung frame for air furnace. 





Fig. 6—Take-up clamp for holding air furnace bung brick 
in metal frame. 


reline or repair the lining. The repair foreman must 
have experience enabling him to determine whether 
the lining must be replaced or whether minor re- 
pairs will permit another cycle of service to be ob- 
tained. 

Repair of the sidewalls consists of replacing such 
sections of the wall that appear to be too thin to 
withstand another operating cycle. 

Bungs used in the roof construction are repaired 
when necessary, and may need to be replaced daily 
or during the heat should the occasion arise. 

The bottom is replaced each time the furnace is 
repaired or relined. 

The tapping block generally is replaced each time 
the furnace is cooled for repairs. 

Construction of the air furnace used for melting 
follows the general plan of published diagrams. Fig- 
ure | shows the general exterior structure. Sectional 
and cutaway views are shown in Figs. 2 and 3. Fig- 
ure 2 shows a longitudinal cross section, while Fig. 3 
shows a cross section through the tapping block area. 


REFRACTORIES IN BATCH-TYPE AIR FURNACE 


The metal shell and outer layer of brick serve to 
maintain the general shape of the furnace and t 
support such accessories as burners, skimming-ba: 
supports and tapping blocks, as well as the refractor 
lining. The lining should be readily removable, 
otherwise the cost of maintenance would be undul 
increased. The inner lining need only support th: 
roof and confine the melt and slag. Forces are either 
down or outward toward the permanent shell, whicli 
has ample strength to back up the refractory. 

The structure of the bungs is shown in Fig. 4, 
which illustrates a completed bung ready to go into 
service. The metal frame is shown separately in Fig. 
5, and a closeup of the bung “shoe” clamping a1 
rangement in Fig. 6. This arrangement holds the 
brick in the arched form. 

Figure 7 shows a bung which has been in service. 
Enough refractory remains in the frame to allow its 
use for limited service such as would be encountered 
in the roof of the furnace near the stack. 

Figure 8 shows a bung in which the brick has 
worn thin. Part of the one side has dropped out, 
rendering replacement imperative. As _ indicated 
above, the bung shoes must be kept tight as the 
bricks may loosen during the heating and cooling 
cycle and the entire lining will fall out of the bung. 

The tapping block used in this operation is a re- 
fractory form with a wedge block which is used to 
hold the block in place. Considerable difficulty was 
encountered in selecting a refractory for this service. 
It is highly desirable that this section perform satis- 
factorily throughout a cycle of heats, in this case ten, 
as it is very difficult to repair or replace this part 
without cooling the furnace to allow access to the 
interior. 

Experience in this plant indicates that a hard- 
burned stiff-mud process brick made of a Missouri 
clay is most satisfactory for sidewall use. In this lo- 





Fig. 7—Bung brick suitable for further limited service. 





Fig. 8—Bung requires relining due to extensive wear on 
bricks. 
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cation the brick must resist penetration by molten 
iron and slag, as well as withstand a high flame tem- 
perature and the fluxing action of the ash. 

Bricks used in the bung sections which form the 
roof of the furnace are of a dry-pressed Kentucky 
clay. This brick must withstand severe heat shock; 
otherwise spalling will cause the loss of refractory. 
Access for charging the furnace is obtained by raising 
sections of the roof immediately after the previous 
heat has been removed. 

The roof is subjected to a wide range of operating 
temperatures. Immediately in front of the burners, 
where the fuel burns intensely and the radiant energy 
of the flame is high, the roof temperature will be 
very high. In other zones, it is quite likely that the 
temperature will be relatively low. Brick suitable for 
general use throughout the roof section must have 
a minimum amount of expansion or contraction un- 
der operating conditions. Otherwise, the bricks are 
likely to fall out of the frame or, if expansion should 
be high, may crack the frame. 

Fluxing action of the ash will vary as the quantity 
and composition of the ash and the roof temperature 
are quite different in various parts of the roof. Bung 
bricks are a very specialized product and are rightly 
used only for this application. 


Sand Bottom Withstands Cooling Stresses 


The furnace bottom is made of silica sand for 
economic reasons. A brick bottom would be de- 
stroyed by the cooling water necessary to reduce the 
temperature for repair purposes. Certain precau- 
tions are necessary to prevent the vitrified layer next 
to the melt becoming damaged so metal will penetrate 
into the sand. Apparently, cooling stresses or cracks 
form under a large mass of metal allowed to freeze 
in the furnace so that sections of the bottom rise with 
the solid metal as the heat is melted. Large portions 
of the bottom can be lost in this manner. Metal fill- 
ing the holes in the bottom cannot be removed since 
the level of these holes is below that of the tapping 
block. A new bottom is covered with boards to pre- 
vent damage when the first charge is dumped in. 

The tapping block is likewise subjected to very se- 
vere service. In reality, the tapping block is expected 
to play a double role. It should prevent the conduc- 
tion of heat to the outside of the furnace while the 
heat is being made, and since refractory is not a per- 
fect insulator, the block should be a high conductor 
while the stream of metal is flowing through it so 
that the stream does not freeze. While the melt is 
being removed from the furnace through the tapping 
block, the temperature can become quite high com- 
pared to the refractory surrounding the block. It is 
obvious that large temperature gradients exist which 
react to cause spalling and cracking of the tapping 
block. The refractory used in construction of this 
block should satisfactorily resist the fluxing action of 
hot metal and slag for a period necessary to produce 


Figs. 9 to 13 (right, top to bottom)—Fig. 9—Air furnace 

before starting repairs. Fig. 10—-View of worn side wall. 

Figs. 11, 12, and 13—Various stages in the repair and 
replacement of the furnace lining. 
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a cycle of operations. Selection of the refractory 
material entering into the construction of these blocks 
is very important because of the difficulty of replace- 
ment should a failure occur during the operation 
cycle. 

Considerable testing of various compositions of re- 
fractory were necessary before a satisfactory block 
was obtained. The block used currently is made of 
Kentucky clay. At present, an occasional failure oc- 
curs befere completion of a ten-heat cycle. 

After the roof has been removed and the furnace 
cooled sufficiently to allow access, the repair foreman 
must decide the extent of repairs necessary. Figures 9 
and 10 show the condition of the lining after a cycle 
of service. Various stages in the repair and replace- 
ment of the lining are shown in Figs. 11 and 12. In 
Fig. 12 one sidewall has been replaced and the other 
patched. Figure 13 shows the same furnace as in Fig. 
11, but looking toward the stack after the bottom has 
been smoothed so that it tapers gradually to the 
bridge wall in the back of the furnace and to the 
tapping hole on both sides. 

A measure of refractory performance is best ex- 
pressed in terms of refractory per ton of metal melted. 
Average costs in this plant, in terms of refractory 
units per ton of metal melted, are as follows: 


eS er ee a 4.0 Bricks/Ton 
0 Eee rrr 7.2 Bricks/Ton 
pp ee ereer errr 0.024 Blocks/Ton 


From a physical standpoint, the refractories used at 
present show maximum resistance to spalling both 
from normal cooling and accelerated cooling, and to 
metal penetration. 

Chemical properties such as melting point and re- 
sistance to fluxing or slagging by ash and slag, are 
not controllable because of the changing conditions 
during production of the heat. It is believed that the 
attack by ash and slag is accelerated as the tempera- 
ture increases, and that fluxing action by the ash will 
vary as the quantity of ash impinged on the brick 
varies. The quantity of ash contacting the refractory 
depends on the location in the furnace and with the 
shape of the charge which will deflect an undeter- 
mined amount of furnace gas toward the refractory. 
Efforts are made to minimize the chemical attack of 
the ash by properly directing the flame on the sur- 
face of the bath. This condition of proper flame 
impingement is only obtainable after the charge is 
melted. Erosion and attack by the slag, which circu- 
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lates because of the action of the flame, are likewis: 
not controllable because of variable quantities anc 
composition, depending upon the make-up of th 
charge. Variations in the composition of the coa 
and the resulting ash, and the completeness of th« 
removal of slag when skimming likewise affect th: 
rate of attack on the refractory. 


Conclusion 


It is recognized that in the foregoing discussion 
certain theoretical aspects have been made secondary 
It is felt that a proper balance between the ideal 
properties desired in the refractory and the delivered 
cost is the happy medium in the selection problem. 

The purpose of this paper is to describe the steps 
necessary to select a suitable refractory for a given 
operation when precise methods are not applicable, 
due to the lack of control of a major number of the 
conditions affecting the life of the refractory. On the 
job tests of sufficient duration to establish the suit- 
ability of carefully selected samples should, in a short 
time, give enough data to intelligently evaluate a 
new sample. Considerable weight should be given to 
suggestions of refractory engineers and experienced 
salesmen. 

It is hoped that the procedure given will be help- 
ful to those faced with the problem of selecting 
materials under similar conditions, whether it be melt- 
ing metal or one of the many problems frequently 
confronting the practical and technical worker alike. 


DISCUSSION 


Chairman: W. G. Ferret, Auto Specialties Manufacturing 
Co., St. Jcseph, Mich. 

Co-Chairman: Eric WELANDER, John Deere Malleable Works, 
East Moline, Ill. 

Recorder: Wm. ZEUNIK, National Malleable & Steel Castings 
Co., Indianapclis. 

J. H. Lanstnc:* This paper shows that brick bottoms are not 
necessary in small tonnage air furnaces. 

H. E. Leickty:? What is the height of the sidewalls? 

Mr. Scuopp: Height of sidewalls is 28 in. 

CHAIRMAN FERRELL: Why do you have difficulty in getting 10- 
day life from tap-out blocks? We used to get 20 heats. 

Mr. ScnHopp: We are pouring small castings. The average 
weight of our castings is less than 14 lb and we do our tapping 
in small hand ladles. Therefore, the hole has to be plugged more 
often. We feel that it is bar erosion that causes our short life. 

R. A. WitscHey:* Are your figures expressed as units or as 
9-in. equivalents? 

Mr. ScHopp: Our figures are expressed as units. 


1 Malleable Founders’ Society, Cleveland. 
? Fanner Manufacturing Co., Cleveland. 
% A. P. Green Fire Brick Co., Chicago. 
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INFLUENCE OF PHOSPHORUS ON 
RESISTANCE OF PLAIN AND 


By 


HOT TEAR 
ALLOY GRAY IRON 


John C. Hamaker, Jr.* and Wm. P. Wood** 


ABSTRACT 


In order to study the properties of gray iron under actual 
hot tearing conditions, a procedure was developed for tensile 
testing on direct cooling from the liquid state in a sand mold. 
Forty-four tests at temperatures of 2050 to 1650 F on a 2.90 
per cent T.C., 2.10 per cent Si base iron containing various 
phosphorus and alloy additions provided hot strength and plas- 
tic deformation data for the determination of the hot tearing 
temperature range in gray iron. Irons containing 0.04 to 0.16 
per cent phosphorus were found to be most susceptible to hot 
tears in the range 1900 to 1800 F, while 0.25 per cent phosphorus 
irons were susceptible over the extended range 1900 to 1700 F. 
it these temperatures, the various compositions possessed ten- 
sile strengths of 1600 to 3500 psi, thus indicating the magnitude 
of hindered contraction stresses necessary for hot tear formation. 

Due to the presence of liquid phosphide eutectic, the ulti- 
mate strength values in the hot tearing range varied consistently 
with phosphorus and alloy content. The hot tearing tendency 
of plain gray irons did not increase appreciably until the phos 
phorus content exceeded 0.16 per cent, while ailoy irons ex- 
hibited marked strength reductions when the phosphorus was 
increased from 0.04 to 0.07 per cent and lost over 30 per cent 
of their base strength at 0.16 per cent P. Molybdenum and 
chromium additions sharply reduced the hot strength of plain 
iron at phosphorus levels as low as 0.10 per cent by segregating 
to the phosphide eutectic to increase its volume. Nickel also 
decreased the hot strength to some extent at phosphorus levels 
above 0.12 per cent. 


In the early days of gray iron founding, hot tears 
or hot cracks were seldom encountered simply because 
the high carbon compositions experienced very little 
net contraction on cooling after solidification. How- 
ever, the present trend toward more complex casting 
designs with high strength specifications has resulted 
in internal contraction stresses approaching those of 
steel. If these stresses are sufficiently concentrated to 
exceed the strength of the iron at some temperature 
after solidification, a hot tear is formed. In many 
cases, small cracks arising from this source are not 
detected until the casting has been completely ma- 
chined, when they may be falsely attributed to hot 
shake-out, rough handling, or residual stresses. 


[his paper is based on a thesis submitted in partial fulfill- 
ment of the requirements for the degree of Doctor of Philosophy 
in the Horace H. Rackham School of Graduate Studies at the 
University of Michigan. 

* Metallurgist, General Iron Works Co., Denver, Colorado. 

** Professor of Metallurgical Engineering, University of Mich- 
igan, Ann Arbor, Mich. 
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This type of defect is a particular problem in the 
production of heavy castings, where very low carbon 
equivalents are necessary to obtain the desired proper- 
ties in a heavy section. Since much of this work is of 
the jobbing type, extensive pattern changes to remove 
points of high stress concentration are frequently out 
of the question. Some reduction in metal contraction 
may be achieved by adjusting the carbon-silicon ratio, 
but this is also limited by practical aspects of cupola 
operation and the efficiency of inoculation treatments. 

The problem of further reducing the hot tearing 
tendency is thus resolved to increasing the strength of 
the iron shortly after solidification. Unfortunately, 
there is little or no data available on the strength of 
gray irons above 1200 F, which is considerably below 
the temperature range in which hot tearing would be 
expected to occur. Due to the low melting point of 
the phosphide eutectic and its tendency to form a 
liquid network around the iron-carbon eutectic cells, 
the phosphorus content would be expected to have 
the most profound influence on the strength of gray 
iron in this range. This has been indicated by indus- 
trial studies in which reductions in base phosphorus 
content have eliminated hot tearing problems. It has 
also been observed in several instances that balanced 
alloy additions may increase the tendency for hot 
tear formation, although the chill and graphitic car- 
bon content remain essentially constant. Another in- 
vestigation of phosphide eutectic properties revealed 
that both molybdenum and chromium segregate 
strongly to the liquid phosphide, increasing its volume 
considerably and, in the case of molybdenum, lower- 
ing its freezing point. 

Based on these observations, an investigation was 
undertaken to determine the influence of phosphorus 
and alloys on the strength of a selected base iron at 
temperatures within a few hundred degrees of the 
iron-carbon eutectic. 

Preliminary Experiments 


In order to determine the reliability of using stand- 
ard high temperature tensile tests to study the prop- 
erties of gray iron under hot tearing conditions, the 
microstructures of test bars quenched direcly from the 
mold were compared with similar specimens slowly 
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cooled in the mold and reheated for various times at 
corresponding temperatures before quenching. In all 
cases, the microstructures were vastly different due to 
the irreversible reactions experienced by the graphite 
flakes and the phosphide eutectic on cooling to room 
temperature. Much of the phosphide eutectic which 
is present as a fairly continuous liquid network above 
1750 F was redissolved in the ferrite on slow cooling 
to room temperature due to a peritectoid gamma- 
alpha transformation, and further reheating resulted 
in a dispersed phase which would have little effect 
on high temperature properties. 

This conclusion was confirmed by the results of 
short time tensile tests at 1850 F shown in Table 1. 


TABLE 1—TENSILE PROPERTIES OF PLAIN AND ALLOY 
GRAY IRON ON REHEATING TO 1850 F 














Tensile Breaking 

Specimen Strength, Load, % Elongation 
Number Composition psi lb in 3 In. 

T-l Plain 2503 500 6.35 

T-2 2.00 Ni 2180 500 4.65 

T-4 1.00 Cr 2715 400 5.00 

T-3 1.00 Mo 2575 500 4.41 

T-9 0.54 Mo 2325 500 5.09 

T-11 1.50 Ni, 0.50 Mo 2303 500 4.52 
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It was apparent from these studies that a procedure 
for testing gray iron on direct cooling from the liquid 
state would be necessary to obtain reliable data on its 
properties under actual hot tearing conditions. In 
addition to providing the same phosphide eutectic 
and graphite structures as those found in a casting 
in the hot tearing temperature range, this method 
would completely eliminate the potential errors pro- 
duced by oxidation and growth in ordinary high 
temperature tensile tests. 


Experimental Procedure 


A direct cooling tensile testing procedure of this 
type was developed by Hall? in an investigation of 
the hot tear resistance of various cast steel composi- 
tions. Using a tensile machine of special design, 1-in. 
specimens cast around bolts placed in the mold cavity 
were pulled at a series of temperatures following 
solidification. In order to limit the cooling range dur- 
ing the tests, it was necessary to.employ extremely 
high rates of strain which probably resulted in abnor- 
mally high strengths, although the relative values were 
valuable for the comparison of various compositions. 

For this investigation, the mold shown in Fig. | 
was designed to provide a very slow cooling rate to a 





For these tests, 1.2-in. bars were poured from Detroit 
indirect arc furnace heats of base composition 3.17- 
3.25 per cent total carbon, 2.22-2.27 per cent silicon, 
0.69 per cent manganese, 0.12 per cent sulphur, and 
0.13 per cent phosphorus, inoculated with 0.50 per 
cent of the total silicon, and alloyed as shown. The 
specimens were machined with a gauge length | in. 
in diameter and 3 in. long, and inserted in an electric 
resistance furnace mounted on a hydraulic testing ma- 
chine. After reaching the test temperature in approx- 
imately 30 min, they were held at temperature | hr, 
and pulled at 1850 + 5 F with a head speed of 0.063 
in./min. 

In every case, the variations in tensile strength 
associated with the different alloy conditions were 
directly related to the graphite configurations they 
produced in the original casting. The 1.00 per cent 
Cr addition produced considerable free carbide and a 
relatively small amount of graphite for the greatest 
increase in strength, while the 2.00 per cent Ni iron 
exhibited long interlocking flakes with a resulting 
strength reduction. The 0.54 per cent and 1.00 per 
cent Mo additions refined the flake structures for cor- 
responding strength increases, while the balanced Ni- 
Mo iron had a graphite structure almost identical to 
that of the plain iron and produced the same tensile 
strength. Although the molybdenum and chromium 
bearing irons contained considerably larger quanti- 
ties of phosphide eutectic, the original network had 
been broken up on initial cooling in the mold and 
the dispersed liquid phase obtained on reheating had 
little or no effect on the tensile strengths. The close 
relationship with graphite configurations indicates 
that alloying elements exert very little influence on 
the strength of the matrix austenite in the hot tear- 
ing temperature range. 
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Fig. 1—Mold design for direct cooling high temperature 
tensile tests. 
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Fig. 2—Mold components. 


specimen for testing in a standard beam-type tensile 
machine at normal rates of strain. Further details of 
the design may be seen in photographs of the mold 
and typical casting, Figs. 2 and 3. The specimen was 
cast in a hollow cylindrical core placed in the center 
of a mass of metal 4 in. in diameter which provided 
the slow cooling rate. The core was drilled on a 
lathe to produce a specimen | in. in diameter, 514 in. 
long, with a gauge section 7% in. in diameter and 2 
in. long. An ingate 5% in. in diameter and a thermo- 
couple hole were drilled below the gauge length on a 
jig, and the core set firmly in place between core 
prints in the drag and top core block. Sandblasted 
l4-in. stainless stee] studbolts inserted 1 in. into each 
end of the mold cavity were fastened to the com- 
ponents of the tensile machine. Three 14-in. copper 
plates were placed around the top bolt to equalize the 
chill produced in the bottom bolt by the base of the 
machine. An alundum-tipped chromel-alumel ther- 
mocouple cemented 4¢ in. into the mold cavity and 
connected to a potentiometer recorder provided tem- 
perature control. 

The complete experimental setup, with the mold 
inserted in the tensile machine, may be seen in Fig. 4. 
After checking the metal temperature with a plati- 
num-platinum rhodium immersion thermocouple, the 
mold was poured at a constant rate from a platform 
set before the machine. A stopwatch, started at the 
instant the mold was filled, provided a basis for all 
further adjustments and readings. The mold clamps, 
weights, and support bar for the bottom bolt were 
removed after 12.0 min to maintain constant cooling 
conditions for successive specimens. Shortly before 
testing, the tare weight was adjusted to balance the 
beam at zero load, and an initial load of 100 Ib was 
set on the beam. In order to remove the play and 
obtain an initial stress at the desired temperature, the 
test was begun at a head speed of 0.351 in. per min 
until the beam deflected at the 100-lb load. The head 
speed was then immediately reduced to the test value 
of 0.038 in. per min and readings were obtained every 
0.05 to 0.10 min until fracture. 

Calibration of the tensile machine with a ring gauge 
revealed that it was accurate within + 25 lb under 
loads up to 3000 lb, with the exception of a short 
range between 800 and 900 Ib. In this range, the re- 
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Fig. 3—Typical casting and specimen. 


moval of play in the threads of the machine produced 
values of 65 to 75 lb above the actual load. The test 
head speed maintained a value of 0.038 + .001 in. 
per min under loads ranging from 500 to 5000 Ib. 

In order to determine the temperature gradients 
in the specimen, a series of molds were made up with 
thermocouples placed at various points in the gauge 
length and poured from the various compositions to 
be studied. In preliminary tensile tests, it had been 
found that a pouring temperature of 2700 F produced 
a sound specimen which cast well around the bolts, 
possessed a smooth surface, and turned the cylindri- 
cal core completely to powder to remove any friction 
from this source. When the pouring temperature was 
maintained constant at this value, the complete range 
of compositions produced nearly identical cooling 
curves at the top, center, and bottom of the gauge 





Fig. 4—Experimental setup for direct cooling tensile test. 
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Fig..5—-Cooling curves at various points in gauge length 
of direct cooling tensile specimen. 


length. At temperatures below 2000 F, these curves, 
shown in Fig. 5, did not vary by more than + 10 F at 
a given time interval from pouring. This constancy 
was produced by the strong cooling influence of the 
bolts which were accurately adjusted to the same posi- 
tion in the mold cavity before each test. It is inter- 
esting to note that their cooling action extended into 
the center of the gauge length, where the surface of 
the specimen was maintained at a higher temperature 
than the center by the mass of metal surrounding the 
core. This reversed temperature gradient was con- 
firmed by a slight increase in the fineness of the 
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Fig. 6—Experimental load curves from direct cooling ten- 
sile tests of plain gray irons. 
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pearlite from surface to center. 

In view of these results, the time from pouring was 
chosen as the criterion for temperature measurement 
during testing, with the thermocouple serving as a 
check on proper cooling conditions. The duration of 
the tensile tests ranged from 0.5 to 2.0 min, depend- 
ing on the ductility of the metal. Referring to Fig. 
5, it can be seen that a maximum interval of 2 min, 
which occurred only at the lower temperatures, is 
accompanied by a temperature drop of only 50 F. 
The temperature of the strength measurement was 
selected as the average between the surface and center 
temperatures in the center of the gauge length at the 
time the specimen reached its ultimate strength, Since 
none of the specimens broke more than 4 in. above 
or below the center of the gauge length, the accuracy 
of the temperature determination should lie within 
+ 25 F. 

For the direct cooling tensile tests, a series of 43 
1814-lb heats of base composition 2.86-2.95 per cent 
T.C., 2.07-2.16 per cent Si, 0.70 per cent Mn, and 0.10 
per cent S were melted in a 30-lb induction furnace 
from charges of wash metal obtained by melting 100 
per cent steel in the cupola, ferro-85-silicon, ferro-88- 
manganese, and coke. The base phosphorus levels 
were adjusted to 0.04 per cent, 0.07 per cent, 0.16 
per cent, and 0.25 per cent, and straight alloy addi- 
tions of 1.85 per cent Ni, 1.00 per cent Cr, and 1.10 
per cent Mo were made to the furnace. The melts 
were superheated to 2850 F, inoculated with 0.50 per 
cent of the total silicon, and poured at 2700 F. 
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Fig. 7—Experimental load curves from direct cooling ten- 
sile tests of 1.85 pct Ni irons. 
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Fig. 8—Experimental load curves from direct cooling ten- 
sile tests of 1.00 pct Cr irons. 


Results 


The experimental load versus time curves at vari- 
ous phosphorus levels for the plain, 1.85 Ni, 1.00 Cr, 
and 1.10 Mo irons are shown in Figs. 6, 7, 8, and 9, 
respectively. The corresponding average temperatures 
at the center of the gauge length are included at the 
top of the plots. In this temperature range from 
2000 to 1700 F, the structure of a 2.90 per cent T.C., 
2.10 per cent Si gray iron consists of 1.55 to 2.00 per 
cent graphitic carbon, saturated austenite containing 
1.35 to 0.90 per cent carbon, and a quantity of liquid 
phosphide eutectic dependent on the phosphorus and 
alloy content. 

A survey of the data for the four irons reveals that 
phosphorus exerts a profound influence on both the 
ultimate strength and the ductility in the hot tearing 
temperature range. As the phosphorus was increased 
from 0.04 to 0.16 and 0.25 per cent, the elongation at 
the point of maximum load and the decrease to a 
breaking load were completely removed, indicating a 
drastic reduction in the ductility of the iron. The 
various alloys also produced a marked change in the 
hot tensile properties. The nickel irons exhibited 
considerably more ductile fractures than plain irons 
at the 0.16 per cent P level, while the chromium and 
molybdenum additions reduced the elongation at 
maximum load to some extent at even 0.04 per cent 
P. It is interesting to note that an increase in phos- 
phorus from 0.04 to 0.07 per cent in the chromium 
and molybdenum irons, as shown by Curves 62 and 64 
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Fig. 9—Experimental load curves from direct cooling ten- 
sile tests of 1.10 pct Mo irons. 


(Figs. 8 and 9) produced a noticeable reduction in 
tensile properties. This corresponds with the results 
of another investigation, in which chromium and 
molybdenum were found to reduce the solubility of 
phosphorus in austenite from about 0.08 per cent to 
0.03-0.04 per cent. In fact, with the exception of the 
increase in ductility by nickel, all of the changes in 
the tensile curves produced by phosphorus and alloy 
additions may be explained by an increase in quan- 
tity or change in the properties of the liquid phos- 
phide eutectic. 

The form of the curves at points below the maxi- 
mum load presents an interesting indication. The 
slight discontinuities between 800 and 1000 Ib must 
first be eliminated from consideration, since calibra- 
tion of the tensile machine showed that some error 
would be introduced in this range due to the removal 
of play in the machine. However, the curves for the 
plain irons (Fig. 6) show a marked change in slope 
with loads of 2000 Ib at 1760 F, 1600 lb at 1800 F, 
and 1200 Ib at 1900 F in the 0.04 per cent P series, and 
also with loads of 1300 Ib at 1820 F in the 0.16 per 
cent P series. This change in slope is probably due 
to a spontaneous recrystallization of the saturated aus- 
tenite, which might be expected to vary with tempera- 
ture and the saturation carbon content in like man- 
ner. Similar discontinuities above 1000 Ib load are 
also indicated in the curves for the alloy irons, al- 
though the influence of the phosphide eutectics re- 
duced their relative intensities considerably. 
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Fig. 10—Tensile strength of plain and alloy irons at 2050- 
1650 F on direct cooling from the liquid state. 


It is also noteworthy that the average slopes of the 
load curves decreased consistently as the test tempera- 
tures approached 1950 to 2000 F. This would indi- 
cate that gray iron can undergo greater plastic de- 
formation under a given load in this temperature 
range, thereby tending to relieve the contraction 
stresses before they can reach sufficient magnitudes 
to produce hot tears. 

A summary plot of the ultimate tensile strengths 
against the temperatures of maximum load, shown in 
Fig. 10, illustrates the strength trends produced by 
phosphorus and alloys at various temperatures in the 
hot tearing range. At 1600 to 1700 F, curves drawn 
through points of the same phosphorus and alloy 
composition tend to concentrate into three distinct 
families based on the phosphorus content alone. At 
still lower temperatures, these families would be ex- 
pected to approach each other and eventually inter- 
sect. 

Above 1700 F, the effect of alloy additions in 
changing the quantity and properties of the phosphide 
eutectic begins to manifest itself. The plain irons 
approach a single point to 2500 psi at 1940 F with all 
phosphorus contents, while the 0.16 per cent and 0.25 
per cent P molybdenum and chromium irons exhibit 
drastic strength reductions to approach a value of 1300 
psi at 1950 F. The curves for the nickel irons fall 
between those of the plain and molybdenum or 
chromium irons at corresponding phosphorus levels. 
As the temperature approaches 2000 F, the strengths 





Hor TEAR RESISTANCE OF GRAY IRON 






of all compositions drop off rapidly to very low valu:s, 
as indicated by the sharp reduction in the strength of 
the 0.04 per cent P irons from over 3000 psi at 1990 
F to less than 500 psi at 2000 F. The curves for the 
higher phosphorus irons would be expected to con- 
verge to a point of zero strength at slightly lower 
temperatures than those for the low phosphorus irons. 

The effect of phosphorus and alloys on the hot 
strength of gray iron may be more clearly seen in Fig. 
11, in which the strength data has been replotted 
against phosphorus content at temperatures of 1900, 
1800, and 1700 F. The values for the 0.07 per cent P 
chromium and molybdenum irons were used to deter- 
mine the slopes of the curves for these alloys between 
0.04 per cent and 0.16 per cent P. 

At the 0.04 per cent P level, there is very little 
phosphide eutectic present in the iron, and the alloy 
additions produce slightly higher tensile strengths by 
solution in the austenite. However, part of the in- 
crease produced by chromium and molybdenum might 
be attributed to the reduction in graphitic carbon 
content of refinement of the graphite structure noted 
in the preliminary tests. The high strength exhibited 
by the nickel irons at this level is notable, since nickel 
tends to increase graphitization and coarsen the flake 
structure to some extent. 

As the phosphorus content is raised above 0.04 per 
cent, the strength increase produced by the alloy addi- 
tions is rapidly removed by the change in phosphide 
eutectic properties, and the strengths of the alloy 
irons fall far below those of the plain iron, particu- 
larly in the higher temperature range. The close cor- 
respondence between the curves for the molybdenum 
and chromium irons agrees with their similar behavior 
in segregating to the phosphide eutectic to increase 
its quantity. The slightly greater strength reduction 
exhibited by the molybdenum irons is probably associ- 
ated with their weaker tendency for carbide stabiliza- 
tion and the low freezing point of the molybdenum 
phosphide which increases its fluidity for a more com- 
plete network around the iron-carbon eutectic cells. 
Although nickel does not increase the quantity of 
phosphide eutectic, it also reduces its freezing point 
to result in appreciable strength reductions at higher 
phosphorus ?evels. The slight strength reduction ex- 
perienced by the plain irons at higher temperatures 
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Fig. 11—Influence of phosphorus on tensile strength of 
plain and alloy irons at 1900, 1800 and 1700 F. 
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corresponds with the well dispersed phosphide phase 
»bserved in similar specimens quenched directly from 
the mold at these temperatures. However, an increas- 
ing network formation is evident as the phosphorus 
is raised to 0.25 per cent, and the strengths of the 
plain irons would be expected to closely approach 
those of the alloy irons at still higher phosphorus 
levels. 

When the temperature is reduced to 1700 F, the 
strength of the austenite has increased appreciably 
and the fiber stresses attain much greater values before 
fracturing. This tends to magnify the effect of liquid 
or recently solidified phosphide eutectic in breaking 
up the continuity of the matrix and providing stress 
concentrations. Consequently, the phosphorus content 
exerts a very strong influence on the properties of all 
irons at this temperature, overshadowing the indi- 
vidual changes in phosphide eutectic properties by 
alloy additions. As the phosphide gains strength at 
still lower temperatures, it would be expected to be- 
come a continuous part of the matrix and have very 
little effect on the properties except for changes in 
the matrix structure due to impoverishment by molyb- 
denum or chromium segregation. 

A comparison of the ductility of the various irons 
could be obtained by computing the per cent elonga- 
tions from the head speed of the tensile machine and 
the duration of the tests. These values are plotted 
against the temperatures of maximum load in Fig. 12, 
with the points for the 0.04 per cent, 0.16 per cent, 
and 0.25 per cent P irons divided into approximate 
regions indicated by their distributions. An increase 
in phosphorus from 0.04 per cent to 0.25 per cent 
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Fig. 12—Ductility of plain and alloy irons at 2050-1650 
F on direct cooling from the liquid state. 









Fig. 13—Photomicrograph of typical direct cooling ten- 
sile fracture. Unetched. Mag. 50x. 


reduced the elongation to approximately one-half its 
original value in most of the irons. The molybdenum 
and chromium irons generally exhibited elongations 
near the bottom of the average regions for their phos- 
phorus content, while nickel irons tended to produce 
elongations on the high side of their regions. These 
variations correspond with the marked changes in 
ductility at the points of maximum load observed in 
the experimental load curves. 

A photomicrograph of a typical direct cooling 
tensile fracture is shown in Fig. 13. In general, there 
were no significant differences in the appearance of 
the fractures from the various direct cooling tensile 
compositions or the preliminary reheated tensile speci- 
mens. The graphite flakes were slightly larger in the 
slowly cooled direct cooling specimens, but the pro- 
portion of carbide in the chromium irons and graph- 
ite distributions in the other irons were nearly identi- 
cal from both types. Consequently, the marked differ- 
ence in the relative strengths of the various alloy 
irons obtained by the two methods of testing could 
be attributed almost entirely to the difference in the 
quantity and distribution of the phosphide eutectic. 
Since the direct cooling tensile test reproduces the 
actual structure of the metal in a casting experiencing 
contraction stresses in the mold, the data obtained by 
this method can be used to compare the hot tearing 
tendencies of various phosphorus and alloy irons. 


Theory of Hot Tear Formation 


The formation of a hot tear can be most readily 
understood by tracing the steps in the cooling of a 
casting. Shortly after solidification, the meta] begins 
to contract in the solid state at a rate dependent on 
its composition. This contraction may be resisted by 
either the sand in the mold or another part of the 
casting at a different temperature and contracting at a 
different rate to produce tensile stresses in the section 
under consideration. At temperatures just below the 
freezing point, the metal is in a semi-plastic condition 
and will deform readily under small loads without 
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fracture. This deformation tends to relieve the stresses 
as rapidly as they form, in a manner similar to the 
relaxation of bolts in high temperature applications. 
However, as the casting cools further, the metal in- 
creases in rigidity (or the plastic deformation/unit 
load decreases) and the stresses begin to build up in 
sections experiencing hindered contraction. If the 
deformation /unit load falls to a low value in a tem- 
perature range in which the metal is still relatively 
weak, the stresses may reach sufficient magnitudes to 
exceed its tensile strength, and a hot tear is formed. 


Hot Tear Formation Factors 


Thus, hot tear formation is a complex phenomenon 
involving the relationship between the following fac- 
tors: 

1. The linear contraction of the metal produced 
by a given decrease in temperature, or its “contrac- 
tion rate.” This varies with the composition and, to 
some extent, with the temperature range under con- 
sideration. 

2. The amount of resistance to normal contraction 
provided by the mold or another part of the casting. 
Mold resistance depends on the hardness of ramming, 
the expanse of sand between two sections of the cast- 
ing, and its compressive strength at high temperatures. 
Resistance arising from another part of the casting is 
produced by thermal gradients which depend on cast- 
ing design, gating and risering, and pouring tempera- 
ture and speed. 

3. The deformation/unit load, which determines 
the rate at which stresses are built up in the casting 
under a given contraction rate and resistance. This 
factor varies considerably with temperature and a 
sharp decrease to a low value would define the tem- 
perature range in which hot tearing would be most 
likely to occur. 

4. The tensile strength of the metal in the hot 
tearing temperature range. 

The factors affecting hot tear formation in steel 
castings have been quite extensively investigated and 
reviewed in considerable detail by Briggs.’ Stee] is 
generally considered to be most susceptible to hot 
tears in the temperature range 2500 to 2300 F, al- 
though some evidence has indicated hot tear forma- 
tion at or near the freezing point. By hindering the 
contraction of solidifying bars with springs and meas- 
uring the resulting stresses, Briggs and Gezelius*® 
obtained relative values representing the combined 
contraction rate and deformation/unit load of various 
cast steel compositions in this range. These studies 
revealed that uniform stresses of up to 1200 Ib could 
form at hot tearing temperatures without fracture, 
and it was concluded that local stress concentrations 
may produce stresses of much greater magnitude for 
hot tear formation. 

By relating this data to the direct cooling tensile 
strengths obtained by Hall,!? the relative hot tearing 
tendencies of various compositions could be evalu- 
ated. Although higher carbon steels exhibited lower 
strengths, they also experienced greater plastic de- 
formation to result in reduced hindered contraction 
stresses, so that no marked change in hot tearing ten- 
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dencies with carbon content was indicated. Nicke.. 
chromium additions, on the other hand, reduced tl 
hot strength appreciably without producing a notic:- 
able change in the hindered contraction stress, thus 
confirming the hot tear susceptibility of these steels 
observed in foundry practice. 


Hot Tear Formation in Gray Iron 


Hot tear formation in gray iron follows a pattern 
similar to that of a very high carbon steel with two 
notable exceptions. First, the precipitation of graph- 
ite from saturated austenite after iron-carbon eutectic 
solidification produces an expansion which would re- 
lieve any external hindered contraction stresses and 
prevent hot tear formation in the temperature range 
immediately after solidification. The volume change 
data of Ash and Saeger*.? reveals that this expansion 
reaches a maximum at 1900 to 1950 F and then drops 
off to a fairly constant linear contraction rate of 0.05 
to 0.06 per cent per 100 F in medium to high carbon 
irons. Experience in foundry practice indicates that 
the contraction rate is considerably higher with lower 
carbon and silicon contents. Secondly, the presence 
of graphite flakes and liquid phosphide eutectic breaks 
up the continuity of the matrix to reduce the hot 
strength appreciably. These phases also provide local 
stress concentrations within the metal itself which 
may act as nuclei for hot tears. 

The data obtained in the present investigation pro- 
vided an excellent indication of the critical tempera- 
ture range for hot tear formation in gray iron. It will 
be recalled that the slopes of the experimental load 
curves (Figs. 6, 7, 8, and 9) indicated a variation in 
deformation/unit load with temperature. The actual 
value of this factor could be obtained from each load 
curve by measuring its average slope from zero load 
to the change in curvature near the point of maximum 
load, and converting this slope to a strain/stress rela- 
tionship from the head speed of the machine and the 
gauge length and diameter of the specimen. On plot- 
ting these values against the average test tempera- 
tures, the points for the various phosphorus and alloy 
compositions followed the single curve in Fig. 14. 
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Fig. 14—Influence of temperature on deformation per 
unit load of gray iron on direct cooling from the liquid 
state. 
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The independence of the deformation/unit load 
to variations in composition may be explained by the 
fact that its reciprocal corresponds with the elastic 
modulus in terms of room temperature tensile prop- 
erties. Since the modulus of a metal is primarily 
dependent on the properties of the matrix, variations 
in the dispersed phosphide and graphite phases pro- 
duced by phosphorus and alloy additions had little 
effect on its magnitude. This curve should be applic- 
able to a wide range of carbon contents in gray iron 
because the matrix austenite is saturated with approxi- 
mately the same amount of carbon at corresponding 
temperatures regardless of the base carbon composi- 
tion. The indicated values for the “modulus” of gray 
iron in this temperature range are 43,000 psi at 2030 
F, 172,000 psi at 1880 F, 156,000 psi at 1820 F, and 
200,000 psi at 1700 F. At lower temperatures, the 
modulus would be expected to increase more rapidly 
in an approach to the room temperature value of 12- 
20,000,000 psi. 


Hot Tearing Temperature Range for Gray Iron 


The sharp reduction in the deformation/unit load 
to a minimum at 1880 F, together with the graphite 
expansion at temperatures above 1900 to 1950 F, de- 
fines the hot tearing temperature range in gray iron 
quite precisely. Above 1880 to 1900 F, plastic flow 
would be expected to relieve the small contraction 
stresses which could form after the completion of 
graphite expansion. Referring to Fig. 10, it can be 
seen that the strengths of the low and medium phos- 
phorus irons approach relatively high values below 
1800 F, while the high phosphorus irons retain rela- 
tively low strengths to 1700 F. Thus, hot tearing in 
the low and medium phosphorus irons might be ex 
pected to occur within the relatively short range o' 
approximately 1900 to 1800 F, while the higher phos- 
phorus irons could be susceptible to hot tears from 
1900 to 1700 F. These temperature ranges, which lie 
150 to 350 F below the solidification temperature, 
correspond with the hot tearing temperature range in 
steel, which lies 150 to 400 F below its solidification 
temperature. The tensile strengths in this range, vary- 
ing from 1600 to 3500 psi, are also of the same magni- 
tude as the stress values which are believed to produce 
hot tears in steel castings. The strengths are some- 
what higher than the values of 1200 to 2500 psi re- 
ported by Hall’? for steel in the hot tearing range 
and this difference, coupled with the lower contrac- 
tion rate of gray iron, accounts for the generally re- 
duced hot tearing tendencies of gray iron in com- 
parison to steel. 

The effect of individual elements on the hot tear 
susceptibility of gray iron may now be seen from an 
examination of Figs. 10 and 11. An increase in phos- 
phorus from 0.04 to 0.25 per cent reduces the strength 
of the alloy irons at 1800 to 1900 F by 30 to 40 per 
cent. It also extends the hot tearing range 100 F, 
thereby permitting the contraction stresses to build 
up to greater magnitudes while the iron is still rela- 
tively weak. In plain irons, a similar increase in 
phosphorus does not materially decrease the strength 
at 1900 F and produces a reduction of only 14 per 
cent at 1800 F. However, the marked strength reduc- 
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tion at 1700 F indicates a considerably greater hot 
tearing tendency for higher phosphorus plain irons 
under high contraction stresses. 

At a phosphorus level frequently encountered in 
high strength gray irons, for example 0.12 per cent, 
the addition of 1.85 per cent nickel to a plain iron 
does not affect its hot tearing tendency, while 1.00 
per cent chromium or 1.10 per cent molybdenum 
additions reduce the strength in the hot tearing range 
by 12 to 30 per cent. At higher phosphorus levels, 
the strength reductions by chromium and molybden- 
um increase considerably, and nickel also shows a ten- 
dency to reduce hot strength. Since balancing nickel 
additions do not materially change the properties of 
the molybdenum or chromium phosphide eutectics, 
the apparent increase in hot tearing tendencies due 
to balanced alloy additions in foundry practice may 
be understood in view of the drastic strength reduc- 
tions produced by these segregated alloys. 

The close correspondence between the strengths of 
the chromium irons, containing relatively small quan- 
tities of graphite, and the fully graphitized molybden- 
um irons indicates that graphitic carbon content as- 
sumes a very minor role in the strength of gray iron 
at hot tearing temperatures. Thus, since the defor- 
mation/unit load and hot strength are both quite 
independent of carbon content, the greater contrac- 
tions experienced by low carbon irons would be ex 
pected to increase their hot tearing tendencies pro- 
portionately. 


Elimination of Hot Tears 


A hot tearing problem can best be solved by con- 
sidering the four factors involved in hot tear forma- 
tion and making the necessary changes in the factor 
which may eliminate the trouble. Since the deforma- 
tion/unit load does not appear to vary with compo- 
sition in gray irons, this factor may be immediately 
eliminated from consideration. When the strength 
specifications permit, hot tearing problems in plain 
irons may be frequently solved by changing to a 
softer grade which exhibits a lower rate of contrac- 
tion. However, if this change involves a marked in- 
crease in the phosphorus content, the decrease in hot 
strength at 1700 F might offset the advantage of re- 
duced contraction rates. 

With fixed strength specifications, a reduction in 
phosphorus content appears to be the only composi- 
tional change of value to hot tear prevention. The 
alloying of softer grades to reduce contraction stresses 
may actually increase hot tearing due to the hot 
strength reduction by alloys and the potential in- 
crease in phosphorus from lower percentages of steel 
in the charge. Conversely, changing to a lower car- 
bon and silicon content and reducing alloy additions 
may produce greater contraction stresses which ex- 
ceed the improved hot strength. In general, the great- 
est security against hot tear formation from a stand- 
point of composition is obtained by keeping the phos- 
phorus content at a minimum in all irons poured. 

Frequently, improvements can also be made on the 
resistances which produce the hindered contraction 
stresses. Mold resistance may be reduced by decreas- 
ing the hot strength of molding or core sands. York® 
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has found that some sand compositions may reach 
compressive strengths of over 1000 psi at 2000 F. In 
extreme cases, relieving blocks inserted behind the 
facing sand and removed during final solidification 
have been successful in preventing hot tears from 
this source. 

Since gray irons exhibit both an expansion and a 
contraction after solidification, they are susceptible to 
very high hindered contraction stresses from thermal 
gradients. It is relatively easy to visualize one section 
of a casting expanding at some temperature above 
1950 F, while another section is attempting to con- 
tract at a slightly lower temperature. Hot tears aris- 
ing from this source are frequently encountered in 
the spokes of flywheels and gear blanks. Occasion- 
ally, cracks may even be obtained on the surface of a 
uniform cylindrical section due to stresses in the 
cooler surface layer produced by an expansion in the 
center. Improvements in casting design to remove 
wide variations in section size are the best solution to 
most thermal gradient stresses. However, the foundry- 
man can often eliminate. hot tears from this source 
by gating into light sections, chilling heavy sections, 
or adjusting pouring’ speeds and temperatures. Hot 
tears are also frequently associated with internal 
shrinkage defects, since they provide local stress con- 
centrations which serve as nuclei for tear formation. 
Heavy feeding of the affected section would be in- 
dicated in such cases. 


Summary 


1. A procedure has been developed for tensile test- 
ing gray iron on direct cooling from the liquid state 
in a sand mold at normal rates of strain. This meth- 
od provides a means of measuring the properties of 
gray iron shortly after solidification under actual hot 
tearing conditions. 

2. Direct cooling tensile tests at 2050 to 1650 F on 
a 2.90 per cent T.C., 2.10 per cent Si iron provided 
hot strength and plastic deformation data for the 
determination of the hot tearing temperature range 
in gray iron. Gray irons containing 0.04 to 0.16 per 
cent phosphorus were found to be most susceptible 
to hot tears in the range 1900 to 1800 F, while 0.25 
per cent phosphorus irons were subject to hot tear- 
ing over the extended range 1900 to 1700 F. 

3. The tensile strength of gray iron in the hot tear- 
ing temperature range varies from 1600 to 3500 psi, 
indicating that stress concentrations must reach val- 
ues of this magnitude for hot tear formation. The 
stress strain “modulus” of gray iron increases from 
approximately 43,000 psi to 2000 F to an average 
value of 170,000 psi in the temperature range 1900 
to 1700 F, with little or no dependence on composi- 
tion. 

4. The liquid phosphide eutectic in gray iron 
greatly increases its hot tearing tendency by reducing 
the strength in the hot tearing temperature range. 
This is particularly true for alloyed irons, in which 
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an increase in phosphorus from 0.04 to 0.16 per cer 
may produce a hot strength reduction of over 30 px 
cent. 

5. Individual or balanced additions containin 
molybdenum or chromium ‘sharply reduce the ho 
strength at phosphorus levels as low as 0.10 per cent 
by segregating to the phosphide eutectic to increas 
its volume. Nickel also decreases the hot strength to 
some extent at phosphorus levels above 0.12 per cen‘. 

6. Low carbon irons would be expected to exhibit 
greater hot tearing tendencies because they produc: 
greater contraction stresses with very little apparent 
change in the tensile or plastic properties in the hor 
tearing range. 

7. With fixed strength specifications, a reduction 
in base phosphorus content appears to be the only 
compositional change of positive value in the pre- 
vention of hot tears. The alloying of softer grades 
will reduce contraction stresses but may also reduce 
hot strength proportionally, while a reduction in al- 
loy requirements obtained by lower carbon and sili- 
con contents may increase contraction stresses beyond 
the improved hot strength. j 
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FOUNDRY MANAGEMENT LOOKS AT STATISTICAL 
QUALITY CONTROL 


By 


E. L. Fay* 


ABSTRACT 


In presenting the case for Statistical Quality Control the 
writer endeavors, first to point out its value to the foundry 
manager in controlling and increasing quality, in the reduction 
of scrap and salvage costs, and in the indirect and secondary 
benefits to be derived from such a program. Second, he dis- 
cusses several of the j;:»damental steps in setting up a success- 
ful quality control program. And third, he points out briefly, 
some of its results. The writer discusses these topics under the 
following headings: 

1. Why Should Management Look at Statistical Quality Con- 

trol? 

. How Can Such a Program Be Set Up? 
What Are the Results? 
Summary and Conclusions 


1. Why Should Management Look at Statistical 
Quality Control? 


Any discussion that could, logically, be offered 
under this subheading must, of necessity, present 
some of the atttributes and advantages of a sound, 
well-functioning Statistical Quality Control program. 
In other words, when we examine this subject in the 
light of management responsibility and management 
activity, does Statistical Quality Control] offer any ad- 
vantages that would, or could, influence its adoption 
in a foundry? 

Some of the broader goals which the foundry man- 
ager is interested in are a reduction in scrap castings, 
reduced salvage costs, increased efficiency, and surely, 
a higher quality casting at a cost that is, at least, com- 
mensurate with existing competitive prices. To the 
foundry manager there are, without question, other 
aims and objectives besides these; but, for the pres- 
ent we are satisfied to enumerate only those things 
that are also the aims and objectives of Statistical 
Quality Control. Hence, to begin with, we find that 
the sights of management and the sights of quality 
control are trained upon the same target. 

Statistical Quality Control is a function used to 
present accurate information about the quality of any 
specific process. It is a function of industry because, 
by its very nature, it is inevitably linked with the 
same ideals and objectives as industry. Not only does 
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it have these things in common, but it is readily ap- 
plicable to foundry processes and, as a matter of fact, 
is being used today on an ever increasing scale. The 
accumulated data and the control charts portray a 
process as it actually is, without the distorting, and 
often inaccurate, influences of personal opinions, or 
what somebody else thinks about a job or process. 
Not only is the control chart a picture of the quality 
of a given process, it presents the information while 
the process is in operation; not at some later time. If 
bad castings are being made, it is much more eco- 
nomical to make a correction during operations rath- 
er than waiting until all of the castings are made, and 
then having the trouble discovered two or three days 
later in the machine shops. 

For the reasons given above, a successful quality 
control program can aid materially in reducing the 
amount of salvage. There is no point in paying out 
good money to produce a run of bad castings, and then 
spending more good money to rework the bad castings 
into mediocre ones. If errors can be stopped before 
they occur, or at the time they begin, we are taking a 
long step toward attaining one of our major objec- 
tives. And Statistical Quality Control contains the 
necessary potential for doing this. 

A second objective of both foundry management 
and Statistical Quality Control is to increase the ef- 
ficiency of the personnel, as well as to increase the 
efficiency of and cooperation between the various de- 
partments. 

First, a reduction in the amount of scrap means a 
corresponding increase in the capacity of existing cu- 
polas, coremaking machines, core ovens, molding 
equipment, etc. It also means a reduction in the cost 
of materials and overhead. A reduction in scrap con- 
tributes toward a better flow of material; which 
means that production schedules can be met more 
easily and with more assurance. 

Second, in foundries where a successful Statistical 
Quality Control program is in operation, there is a 
marked tendency toward a better spirit of coopera- 
tion between foremen, and between employees of dif- 
ferent departments. The writer is not inferring that 
cooperation does not, or cannot, exist where there is 











Fig. 1—Coremaking 


no quality control; but he does mean that increased 
cooperation is certainly a by-product of Statistical 
Quality Control; and there is considerable evidence 
to support this opinion in foundries where quality 
control is now functioning. 

The problems of the molding foreman are many 
times the problems of the coremaker, the sand mul- 
ler, or the pattern shop. Any influence that helps to 
unite these functions for the solution of common prob- 
lems is another step toward this second objective of 
increased efficiency. Accumulated control charts form 
a record of past performances. It is therefore possible 
to go back a few days, a week, or a month, and know 
definitely the conditions of the variables that might 
contribute to a run of bad castings today. The con- 
trol charts are objective evidence as to what actually 
occurred in the past. Therefore, with a precise and 
accurate knowledge of the conditions that may be 
responsible for a run of bad castings, it becomes less 
difficult to locate the causes of existing trouble. 


Charts Beget Quality Consciousness 


When control charts are maintained on the mold- 
ing floor, at coremaking benches, and at other work 
stations, there is a definite predisposition for the em- 
ployees to be more quality conscious, or quality 
minded. And, instead of the word “quality’”’ meaning 
something intangible, a mere expression of some- 
body’s opinion as to whether or not a particular job 
is good enough to get by, it becomes something defin- 
ite and real. Control charts enable employees to 
“see” the quality of the cores and the molds; and, 
hence, they take a certain amount of pride in a chart 
which indicates that they are doing a good job. Im- 
provement, perhaps unconsciously, becomes an aim 
of the individual as well as an aim of management. 

The fourth objective, that of producing a higher 
quality casting at a competitive, or better than com- 
petitive, price, has already been indirectly touched 
upon in some of the previous discussion. That is, we 
know that if the expense items of scrap and salvage 
can show a net reduction, along with the subsequent 
reduction in the items of labor costs, materials, and 
overhead, we are going to be more able to meet, or 
better, existing competitive prices. 
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When Industry is confronted with either the d 
sire to, or the necessity for, improving quality, tl 
challenge is too often met with the defeatist attituc 
that increased quality means increased costs. Th 
writer wishes to go on record as saying that thi; 
axiom is not necessarily true. As a matter of fac 

we can make a better product, and do it for less cos:. 
But, it means work. It means that a complete stud; 
of the process must be made, that a careful analysis 
of all of the variables must be carried out, and that 
all of the accumulated data must be accurate and um- 
biased. When all of the pertinent information has 
been gathered together, assuming now that it is a 

curate; then, and only then, can accurate conclusions 
be drawn, and the correct decisions be made. Thx 
tools of Statistical Quality Control are facilities for 
gathering and presenting accurate information. 


Taking Corrective Action 


Some little time has been spent in pointing out a 
few of the advantages that obtain in a well-func- 
tioning quality control program. At the expense of 
being contradictory and perhaps, for the moment, 
confusing, the writer wishes to say that Statistical 
Quality Control, in itself, has never corrected one 
solitary thing either in the foundry or in the machine 
shops. To repeat, Statistical Quality Control never 
corrects anything. The improvement in quality is 
made by the people directly concerned with the mak- 
ing of that product: operators, foremen, and methods 
and design engineers. Quality Control, when proper- 
ly used, presents a reliable picture of process quality. 
But all of the control charts in existence are valueless 
if corrective action is not taken at the time it is in- 
dicated on the control charts. The taking of correc- 
tive action is the responsibility of those people direct- 
ly concerned with the making of that casting: opera- 
tors, foremen, and engineers. 

The techniques of Statistical Quality Control can 
be used to present management with manufacturing 
information on costs, ratio of costs, ratio of man 
hours to tonnage, overhead, or any other comparable 
items. The methods are concise, and yet comprehen- 
sive enough so that a clear picture of operating ef- 
ficiency can be obtained. 





Fig. 2—Gating castings 
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In summarizing the first part of this paper the 
writer believes that foundry managers who are not 
using Statistical Quality Control at the present time 
should investigate the possibilities and advantages 
that accrue through the proper use of this accurate 
and highly adaptable function. 


2. How Can Such a Program Be Set Up? 


When considering the adoption of a quality con- 
trol program in a foundry, the manager might reason- 
ably ask himself this question: “What am I going to 
let myself in for?” And, certainly, since he is respon- 
sible for maintaining an efficient and well-run organi- 
zation, he has ample justification for making this, or 
some similar inquiry. Statistical texts, control charts, 
histograms, and distribution curves might spell out 
the everyday working tools of a quality control man, 
but to the uninitiated they add up into a very con- 
fusing picture. Without having a simple and clear- 
cut plan in mind for the adoption of a statistical 
quality control program, the foundry manager may 
feel that the results are not worthy of the efforts re- 
quired. Therefore, under the second section of this 
paper, let us discuss some of the elements of just such 
a simple and clear-cut method for installing this ex- 
tremely useful tool. 

It would be an impossible task to write up a plan, 
or plans, for a foundry quality control program that 
would cover all of the specific problems that might 
arise in all of the different foundries that are in 
operation. However, there are a few general funda- 
mentals that form the framework for a successful 
plan; and from this framework, then, one can build 
the details that best fit his own specific needs and 
problems. 

The writer makes no claim to being an authority 
on foundry operations and methods. But from his 
own modest experience, from having spent much time 
in visiting many foundries and in talking with found- 
ry managers and foundry quality control people, 
there are certain ideas that have crystallized and tak- 
en form. Not all of the applications that he has 
witnessed have been successful, by any means. But 
even from the failures one can learn about some of 
the pitfalls to avoid. The following generalities rep- 
resent the essence of these experiences and are, hence, 
representative of the experiences of many people 
under many different conditions. 

One of the first steps, if not the very first, in de- 
veloping a foundry statistical quality control pro- 
gram is to promote and carry through with an edu- 
cational program for management. In using the word 
“management” the author wishes to divide the con- 
cept into two parts; (a) top management consisting 
of the executive group of administrating officers, and; 
(b) operating management consisting of superintend- 
ents, general foremen, foremen, and department heads 
who are responsible for the actual operations. 

Someone may say that the first step should be the 
decision as to whether or: not Statistical Quality Con- 
trol should be used, and whoever voices such an opin- 
ion is absolutely correct. But how can top manage- 
ment make a valid decision unless it is at least 
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partially familiar with the basic fundamentals? Hence, 
in the writer’s opinion, the first step should be an 
educational program designed for top management. 

In getting together the material for such a course 
it need be neither as long nor as extensive as a simil- 
ar course of study designed for operating manage- 
ment. In fact, it very probably should not be. The 
material and its presentation should be in the nature 
of an “introduction” to Statistical Quality Control, 
showing how it operates, illustrating the various tools, 
and working out one or more problems in class. Of 
course, there should be ample time for discussion and 
questions. 


Training Operating Management 


The next step should initiate a training program 
for operating management. These are the people 
who will come in direct contact with quality control, 
the people who will use the charts, and who should 
take the necessary corrective action when the control 
charts so indicate. The course should cover the 
fundamentals of Statistical Quality Control, and the 
training in the making and interpretation of control 
charts. 

It is important that the departmental foremen have 
a good working knowledge of control charts not only 
because they can be used as a guide for heading off 
or correcting trouble, or for improving quality, but 
for a very good psychological reason as well. To the 
coremaker, to the molder, to the iron pourer, to the 
laborer, whoever he is and whatever he may be do- 
ing, his foreman is, in reality, the company. If he 
has a good foreman, it is a good company to work 
for. If he has a bad foreman, then it becomes a bad 
company. The opinions and attitudes of the fore- 
man, regarding company policies, cannot help but 
influence the opinions and attitudes of the worker. 
If the foreman believes in quality control and real- 
izes its advantages, then the worker will more readily 
accept it; and be the quicker to realize how the con- 
trol charts will help him to do a better job. 

The reader has probably surmised by now that the 
basis of a successful quality control program is a sell- 
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ing proposition, a cooperative endeavor. Company 
bulletins or company directives ordering that quality 
contro! be set up on all operations in a certain de- 
partment, or departments, would probably produce a 
lot of nice-looking charts. And to the casual observer 
going through these departments it might look like a 
pretty good set-up. But if everyone from top man- 
agement on down to the fellow on the job is not sold 
on the advantages to be obtained from quality con- 
trol, then the charts have no value whatsoever. Sta- 
tistical Quality Control is a vital and important aid 
to the operator, foreman, general foreman, etc. It is 
this group of people who stand to profit from the 
control charts through an improvement in quality 
and operating efficiency. If they are not sold on it, 
and if they do not take corrective measures when the 
control chart indicates that corrective measures should 
be taken, then the charts are a waste of time, and 
might better be dispensed with entirely. Therefore, 
a training program for supervisory personnel is of 
prime importance since it is upon the shoulders of 
these people that the responsibility for quality falls. 


Training Program for Inspectors 


Of course there must be a training program for 
the inspectors who are going to check the parts, post 
the charts, and carry out many of the other details 
for a successful program. The length of this train- 
ing program for inspectors and inspection supervision 
may vary considerably from one plant to the next. 
The writer has conducted a number of schools in 
various plants and has had some success holding 
classes two hours a day for ten or twelve days. One 
of the advantages in holding classes for only two hours 
per day is that the supervisor or inspector is not taken 
from his job for any protracted periods. Also, by 
spreading the school out over a longer period of 
time he can do a better job of learning than in cases 
where the school would run all day long but for only 
three or four days. However, these details must be 
worked out to fit the conditions and needs as they 
exist in any particular foundry. 

In order that we may continue to the next step of 





Fig. 4—Weekly average of per cent of hard iron scrap 
due to misruns for years 1948-1949 
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our plan for installing a quality control program, |: 
us assume that we have completed this first phase 

our training and educational program. As a matte 

of fact, the training and educational work is neve 
really completed in its entirety. The point is neve 

reached where the quality control director can say, 
“From now on, we will never have occasion to do an 

more training, or to hold any more schools.” 

It is now time in our plan to apply quality con- 
trol to some process or production operation. How 
shall we go about it? Shall we start it on a dozen jobs 
at the same time? Should our beginning activities be 
confined to only one department, or should they start 
in all departments at once? These are some of the 
questions that will arise when a quality control pro- 
gram is initiated. 

Sometime before installing the first application of 
quality control to a process, the question always arises 
as to how much new equipment is going to be re- 
quired to carry out this function. It is easy enough to 
say, “We will need new tools, new measuring de- 
vices, and new this and new that.” As a result, the 
program is either dropped or the equipment is pur- 
chased; and in three months time it is found to be 
inadequate, or, entirely unnecessary. Certainly, in 
some cases, after a thorough investigation has been 
made, and some experience has been gained in qual- 
ity control applications, it will no doubt be necessary 
to obtain some additional equipment in order to do 
a better job, and do it faster and more efficiently. 
But let us not do it until a sufficient study has been 
made on the job, and until we have all of the facts 
pertaining to what is actually needed. We should 
begin with the tools and the equipment that we 
have, building our program around existing facilities, 
and showing management with facts that quality 
control can aid in doing a better job with the same 
tools. If this is carried out, management will be 
much more responsive to requests for additional tools 
when the needs arise. 


Commencing a Quality Control Program 


In making this first application of quality control 
to a process in the foundry, machine shop, or wher- 
ever it is, there is some important ground work to be 
laid. The first thing is to proceed slowly. The qual- 
ity control director, the foreman in whose depart- 
ment the first installation is to be made, the general 
foreman and perhaps the foundry superintendent 
should get together and select one specific job, or one 
process. The details should be carefully reviewed for 
the operator, explaining to him the general plan, 
how often the job will be inspected, what the con- 
trol chart is, how it functions, and other necessary 
information so that he becomes familiar with it. It 
is human nature to shy away from things that are 
strange, and to resist anything that might involve a 
change in habits or custom. If that first operator 
understands how the control chart operates, and how 
it is going to help him, a big step forward has been 
taken. He appreciates being taken into the confi- 
dence of management, and he can go a long way in 
selling quality control to the men he works with. . 
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The type of job that this first application is used 
on is not too important, except that if quality con- 
trol could straighten out a job that has been con- 
sistently causing trouble, it would add a strong sales 
argument. After this first job is definitely on the 
way toward improvement, then apply quality con- 
trol to another process, and another. In every case, 
be sure that the operator knows what this is all 
about, and that he understands how to use the con- 
trol chart, and how the inspector uses it. 

Without further elaboration or additional emphas- 
is, the person who steps into the job as quality con- 
trol director must have a good background of found- 
ry experience, quality control training, and some 
knowledge of statistics and statistical applications. 
This point has not been touched upon previously 
since the writer has slanted his efforts toward the 
foundry manager rather than specific qualifications 
for quality control personnel. 

In concluding the second phase of this paper the 
writer would like to re-emphasize that Statistical 
Quality Control, when correctly used, is a valuable 
production function. If management is interested in 
attaining the goals of costs reduction, increased qual- 
ity, and a more efficient structure through the appli- 
cation of quality control, then it must become an 
established policy that operating management take 
corrective action on a process when the control chart 
indicates that corrective action should be taken. 


3. What Are the Results? 


The results of Statistical Quality Control may be 
measured, first, by the criterion of general acceptance, 
and, second, from personal experience. 

Since this statistical tool, in its simplified form, was 
first introduced to industry about ten years ago, it 
has witnessed a remarkable growth not only in the 
quantity of applications but also in the variety. Ford, 
General Motors, Republic Steel, Bristol-Meyers Lab- 
oratories, Western Electric, and Bell Telephone are 
only several of many of the large industries in this 
country which are using quality control on an ex- 
tensive basis; and which are finding it a necessary 
and important adjunct in solving problems of qual- 
ity. Its expansion has been no less phenomenal in 
the field of smaller industries and business. In the five 
years of its existence, the American Society for Qual- 
ity Control has grown to over 4000 members. Many 
engineering schools have added courses in quality 
control to their curriculum in order to meet the 
demands of industry for professionally trained per- 
sonnel. 

The Department of Military Defense of the United 
States has accepted Statistical Quality Control as a 
means for measuring the quality of purchased mater- 
ial. Many war contracts stipulate that the product 
shall be made using quality control applications on 
the various manufacturing processes. 

The statistical basis for quality control is neither 
of recent origin nor does it involve higher mathe- 
matics. It is based upon old established principles 
that are easily understood and readily adaptable to 
foundry operations. 
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Fig. 5—Ratio of scrap castings to total produced, by 
weight for years 1945 through first 10 months of 1951. 


From the standpoint of personal experience space 
will permit only a couple of illustrations. Figure 4 
is a control chart showing the per cent of hard iron 
scrap due to misruns, for the years 1948 and 1949. 
Each plotting represents a weekly value. It may be 
observed that there are two graphs on the chart; 
and without going into the details of the construc- 
tion of a control chart we shall refer to the top 
graph only. The solid lines through the center of 
each group of plottings represent the average per 
cent of misrun scrap for those particular weeks. For 
example, during the first 4-month period the overall 
average was 3.65 per cent. The average per cent 
scrap for the next 4-month period was 3.54. After 
statistical quality control was installed in the found- 
ry the amount of scrap dropped to 2.26. And by the 
end of 1949, the average was down to 0.7 of one per 
cent. Since that time it has leveled off to a figure 
somewhat below this. 

Figure 5 is a chart showing the ratio of scrap cast- 
ings to total production in a malleable foundry for 
the years 1945 through the first ten months of 1951. 
Each plotting represents a monthly value. Again re- 
ferring to the solid lines which represent the yearly 
average values, we note that in 1946 the average for 
the year was 15.8 per cent. Statistical Quality Con- 
trol was installed in 1947. Since that time the ratio 
of scrap to total production has decreased to 5.35 per 
cent for this past year. And, from an observation 
of the last four plottings there is every indication of 
a further reduction for 1952. So much for the ob- 
jective results. 

These illustrations are only two of the many hun- 
dreds of cases with which the writer is familiar either 
from his own experience or from having studied 
them in other foundries and factories. 


4. Summary and Conclusions 


Statistical Quality Control is becoming an import- 
ant function in industry because it not only has the 
same goals as industry, but because it possesses a 
vital potential for assisting in attaining these goals. 
Its possible economic advantages become active and 
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real when operating management takes the necessary 
action to head off trouble, or to correct it, when the 
control charts indicate that corrective action should 
be taken. 

Not only does quality control give a mathematic- 
ally correct picture of process quality and process var- 


STATISTICAL QUALITY CONTR.) 


iability, but it is easy to understand and simple in 
its application. It can be installed without disruj 
ing current routine and schedules. Statistical Quali y 
Control has been accepted by industry as the practic! 
approach to the related problems of quality, and 
production costs. 

















ZINC IN ALUMINUM CASTING ALLOYS 


By 


Donald L. Colwell* 


ABSTRACT 


Zinc, like silicon, was once considered an undesirable im- 
purity in aluminum casting alloys. Data are presented showing 
that in nominal quantities in excess of most current specifica- 
tions zinc has a beneficial effect on mechanical properties and 
machinability and has no adverse effects on castability, cor- 
rosion resistance, or other physical properties. Emphasis is 
placed on the common copper-silicon casting alloys both in 
the as-cast and heat-treated conditions. Mention is also made 
of the danger in magnesium as an impurity, particularly in 
alloy CS64C and also of the neutral effects of zinc on alloy 
S5C. Numerous examples are given in the accompanying graphs. 


Prior to World War I the general purpose alumin- 
um casting alloy used in this country was known as 
No. 12 aluminum (CS72A+, Table 1). It was used for 
sand, permanent mold, and die castings. Originally 
both silicon and zinc were usually limited, often to 
a maximum of one per cent. With the advent of the 
Alpax and Silumin types of aluminum alloy immedi- 
ately after World War I, foundrymen soon learned 
that silicon was not a harmful impurity, that on the 
contrary it has a highly desirable effect on casting 
properties, particularly in permanent mold and die 
castings. Consequently silicon was deliberately added 
to the alloy, and the amounts increased gradually 
until today the maximum silicon limit specified by 
the ASTM in alloy CS72A (No. 12) is 4.0 per cent. 

Zinc, however, was still considered undesirable. 
The early CS72A ingot was unavoidably contamin- 
ated with zinc, particularly from obsolete scrap, and 
largely for commercial reasons the zinc maximum in 
alloy CS72A was allowed to advance to the present 
2.5 per cent where it stands today. 

During World War II the use of aluminum cast- 
ings expanded tremendously. With shortages of both 
aluminum and copper, the Casting Industry and the 
War Production Board found that alloys with about 
4 per cent copper and with the silicon varying from 





* Director of Laboratories, Apex Smelting Co., Chicago. 


+In the ASTM nomenclature system, the nominal composi- 
tion is indicated by the alloy number. Thus CS72A denotes a 
nominal composition of copper 7 per cent, silicon 2 per cent; 
CS43A denotes copper 4 per cent, silicon 3 per cent; SC84A 
denotes silicon 8 per cent, copper 4 per cent; ZG32A denotes 
zinc 3 per cent, magnesium 2 per cent, etc. (Table 1). 
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3 per cent in sand casting alloys to 6 per cent in 
permanent mold casting alloys and 9 per cent in die 
casting alloys not only were easier to obtain thar 
CS72A, but also had superior casting properties and 
were no more expensive. This trend has continued, 
and the copper-silicon type of alloy is the one most 
widely used today. The popular general purpose 
alloys for all three types of castings are very close to 
a 3 to 4 per cent copper content with varying amounts 
of silicon. 

Popular copper-silicon (or silicon-copper) specifica- 
tions are listed in Table 1. Small amounts of man- 
ganese have been found to be beneficial and even 
when manganese is not present in the scrap it is 
usually added to help in controlling the iron. It 
should not exceed about 0.5 per cent maximum. Mag- 
nesium has been found to be harmful to toughness 
except in certain cases where castings are to be heat 
treated and elongation is not required. It is now re- 
moved by the specification smelters, and, with one 
exception, which will be discussed later, is limited as 
an impurity to a maximum of 0.1 per cent or less 
Zinc limits in many specifications early in the war 
were increased from 0.1 per cent to about 0.3 per 
cent but remained low because zinc was not a facton 
in the duralumin type of scrap and some had doubts 
about its effect. Several investigations were under- 
taken in an endeavor to determine the effects of 
zinc on these popular casting alloys. 

In one of these investigations test bars were cast of 
CS43A of a high purity grade and of a secondary 
grade both in sand and in a permanent mold. The 
results of mechanical tests on these bars are plotted 
in Fig. 1. Increases in iron and manganese and per- 
haps zinc had a slight effect in increasing tensile and 
yield strengths and Brinell hardness and in decreas- 
ing elongation in the chill cast bars (a slight increase 
in elongation in the sand cast bars was probably due 
to testing variables, as normally the elongation de- 
creases with decreasing amounts of aluminum). In 
the absence of appreciable magnesium there was no 
difficulty in obtaining elongation in excess of 2 per 
cent. These results are typical of the properties in 
the as-cast and in the aged condition, and a similar 
relationship was found in cases of exposure and ac- 












TABLE 1—ComposiTION LIMITs OF SELECTED ASTM AtuminuM CastTInG ALLoys? 
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CS72A 









S5C (S4) 












SC64B 














§$.3— 
4.3 0.8 


4.0 


6.0 


1.0— 


45— 


0.3 





0.07 


0.1 


S12A (S5, S9) 0.6 0.8 0.3 0.1 
1.0— 4.5— 0.4— 
SC5IA 1S 0.6* 5.5 0.5* 0.6 


0.1 


3.0— 55— 
SC64C 4.5 1.0 7.0 0.8 05 
SC84A-B $0. : = 
(SC6, 7) 4.0 1.0 9.5 0.5 0.1 
0.35— 0.25— 
ZC60A 0.65 1.3 0.3 0.05 0.45 
G4... 0.2. 
ZC81A-B 1.0 0.9 0.25 0.6 0.5 
64... 1.4— 
7G32A 02 0.6 0.2 0.6 1.8 
. 0.4— 1.8. 
7G42A 0.2 0.6 0.2 0.6 2.4 
0.5— 
ZG61A 0.3 0.8 0.25 0.3 0.65 
0.35— 0.6— 
7ZGOIB 0.65 0.4 0.15 0.05 0.8 


n 
co | 


0.3 


0.2 0.2 


0.3 ~ — 


0.5 0.1 ome 








Other Elements 
Alloy Cu Fe Si Mn Mg Zn Cr Ti Ni Sn Each Total 
be, ee 25— oy 
CS43A 4.5 1.0 3.5 0.5 0.05 1.0 — 0.2 0.3 — — 0.5 


0.5 















1.0 ae 0.2 0.3 _ _ 0.5 
1.0 ~ 0.2 0.5 ~ _ 0.5 
0.9 -_ _ 0.5 0.3 _ 0.5 
6.0— 

7.0 ~ 0.2 — — 0.05 0.15 
7.0— 

8.0 0.3 0.2 0.1 — 0.05 0.2 
s 

3.3 04 0.2 _ — 0.05 ~ 
4.0— 0.2— 

4.5 0.4 0.2 ~ _ 0.05 owe 
52- 04-)SOI— 

6.0 0.6 s...~ - 0.05 0.2 
6.0— 

7.0 - 0.2 _ “ 0.05 0.15 


*If the iron content exceeds 0.4 per cent, it is desirable to have manganese present in an amount equal to one-half of the iron. 
















celerated corrosion. 

As a result of this and numerous other similar tests 
made by many laboratories, the maximum limit on 
zinc in current specifications for most copper-silicon 
casting alloys has been increased to about | per cent. 
The 0.3 per cent limit for zinc in SC51A is discussed 
later. 

There has been a decided post war trend in the 
aircraft industry and even, to some extent, in the 
foundries, to use a new type of aluminum alloy which 
develops unusually high strengths without heat treat- 
ment, and, when heat treated, develops strengths even 
higher than the earlier duralumin types. These alloys 
are of a zinc-magnesium-chromium type and are illus- 
trated in the wrought condition by ZG62A with a 
nominal composition of 5.6 per cent zinc, 2.5 per cent 
magnesium, 1.6 per cent copper, and. 0.3 per cent 
chromium. Six similar compositions used by the 
Foundry Industry are specified in the ZC and ZG 
series listed in Table 1. Scrap from such combina- 
tions is already showing up in supposedly zinc-free 
material, and with increasing aircraft production 
zinc will become even more difficult to hold to low 
limits in casting alloys than it is today. A further 
discussion of the effects of zinc in larger quantities 
on the copper-silicon alloys seems advisable. 

Another typical test concentrated on composition 
CS43A. A base heat of the secondary composition 
previously tested was made; its analysis is shown in 





Taste 2—ANALysis oF Base HEAT oF CS43A UseEp IN 
TrEsTING Errects OF ZINC FROM 0.4 To 2.0% (Fics. 2, 
3, 4, AND 5). 





Element Content, % 


Cu 4.20 
Si 3.30 
Fe 0.77 
Zn 0.43 
Mn 0.31 
Mg 0.01 
Ni 0.29 
Pb 0.09 
Sn 0.07 
Cr 0.04 
Ti 0.02 
Al Balance 





Table 2. Zinc was added to this base to produce 
heats containing 1.0, 1.5, 1.75, and 2.0 per cent. Mech- 
anicai property tests in the as-cast and aged condi- 
tions were made and results are plotted in Figs. 2 
and 3, sand cast and chill cast. 

The sand cast and chill cast test bars were also 
given T5, T6, and T7 heat treatments and _ sub- 
jected to the same tests, the results of which are 
plotted in Figs. 4 and 5. The T5 treatment consisted 
of heating at 450 F for 8 hr; the T6 treatment con- 
sisted of heating at 940 F for 12 hr followed by a 
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Fig. 5—Effect of Zinc on Mechani- 
cal Properties of Chill Cast CS43A 
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Fig. 6B—Effect of High Zinc on 
Mechanical Properties of Sand 
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TABLE 3—COMPOSITION RANGE OF BASE HEATS OF 
CS43A Usep 1n TESTING EFFECTS OF ZINC FROM 
1.5% to 6.5% (Fics. 6A-B) 











Element Content, % 
Cu $3.95 -— 4.35 
Si 2.95 -— 3.15 
Mn 0.35 -— 0.45 
Fe 06 - 10 
Ni 0.15 - 0.25 
Sn 0.01 maximum 
Pb 0.05 
Mg 0.03 ~ 
Ti 0.04 ° 
Cr 0.05 ” 
Al Balance 





TaB_Le 4—ANALYsiIs OF BASE Heat or SC84A-B (SC6, 7) 
Usep IN TESTING EFFECTS OF ZINC ON Dike CASTINGS 
(Fic. 7) 





Element 


Content, % 


Cu 3.50 
Si 8.20 
Fe 0.45 
Mn 0.40 
Mg 0.02 
Ni 0.20 
Sn 0.01 
Zn 0.20 
Al Balance 





hot water quench and a 3-hr aging at 300 F, and the 
T7 treatment consisted of the same quench followed 
by stabilizing 8 hr at 440 F. It is apparent from the 
data plotted in Figs. 2, 3, 4, and 5 that the mechanical 
properties, if changed at all, were changed for the 
better as zinc was increased up to 2 per cent; and 
this was true whether or not the castings were heat 
treated and also before and after any usual age hard- 
ening. 

In this test also the various compositions were 
checked for electrical conductivity, thermal conduc- 
tivity, specific gravity, and thermal expansion, and 
no significant difference could be found between the 
low zinc and the high zinc compositions. Even the 
specific gravity varied only from 2.82 to 2.84. The 
solidification range in all cases was between 1140 to 
1145 F and 945 to 955 F which would point to no 
difference in “setting up” properties in casting. 

A further test was made on the same alloy with 
varying zinc contents up to 6.5 per cent with the 
same results. The compositions of the base alloys 
used in this test are shown in Table 3. Bars had 
two different iron contents, one with nominally 0.6 
per cent and the other 1.0 per cent. Zinc was added 
to produce 1.5, 2.5, 3.5, 4.5, 5.5, and 6.5 per cent 
alloys, and again mechanical tests were made at each 
zinc level. The bars were cast in sand and tested after 
30 days’ room temperature aging and in the T4 and 
T6 conditions, also after a thirty-day corrosion test. 
The T4 heat treatment consisting of heating 16 hr 
at 940 F, followed by a hot water quench and tested 
within 24 hr. The T6 condition consisted of the 
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same quench followed by aging for 3 hr at 310 F. The 
corrosion test consisted of total immersion for 10 sec 
in a solution containing 5 per cent hydrogen per- 
oxide and 3 per cent sodium chloride, repeated every 
15 min for 30 days. 

The changes in tensile strength, yield strength, 
Charpy impact, and elongation are plotted in Figs. 
6A and 6B with indications of the two iron composi- 
tions. The tensile and yield strengths increased sharp- 
ly as the zinc exceeded 2.5 per cent, but the elonga- 
tion and Charpy impact strength fell very slightly. 
This was true in both the as-cast and heat-treated 
conditions. It seems evident that even with a zinc 
content in this alloy as high as 6.5 per cent the 
mechanical properties do not suffer. 

It has often been said that the presence of zinc in 
copper-silicon alloys of aluminum decreases their re- 
sistance to corrosion. In the corrosion test on these 
bars of varying zinc content the ultimate tensile 
strength dropped when corroded, but the yield 
strength did not, and they both were apparently im- 
proved with the higher zinc. The Charpy impact 
strength and elongation were lowered considerably by 
the severe corrosion as would be expected from such 
a severe test, but the bars with the higher zinc were 
corroded no worse and suffered no more than the 
bars with the lower zinc. 

A further measurement of corrosion effects on 
CS43A with zinc contents from 1.5 to 6.5 per cent 
was made in the same intermittent salt and hydrogen 
peroxide test. The weight losses of sand-cast test bars 
and of chill-cast discs in the alternate immersion test 
are shown in Table 5, the composition of the bars 
being within the range shown in Table 3. The higher 
percentage losses of the chill-cast discs are believed to 
be due to the greater surface-weight ratio of that 
shape, and not to the chill of the casting. It is evi- 
dent, therefore, that instead of decreasing the cor- 
rosion resistance of this alloy, the effect of zinc is 
either negligible or it slightly increases the resistance 
to corrosion of this type, and it throws doubt on the 
possibility of any significantly different reaction with 
other corrosive agents. 

The corresponding alloy for die casting was origin- 
ally developed during the war by the Ordnance De- 
partment and the War Production Board in coopera- 
tion with the Die Casting Industry Advisory Com- 
mittee. It was known as AXS-679-Rev. 3, although 
this specification has now been superseded by Fed- 
eral Specification QQ-A-59la, Composition 10. The 
corresponding ASTM specification is shown in Table 


TABLE 5—WEIGHT Loss AFTER ALTERNATE IMMERSION 
or SC43A witH HicH ZINC IN HyDROGEN PEROXIDE- 
SALT WATER FoR 30 Days 





Zinc Loss on Sand Loss-on-Chill 
Content, % Cast Test Bars, % Cast Discs, % 
1.5 2.3 4.65 
2.5 1.7 3.45 
3.5 1.85 3.55 
4.5 2.35 4.0 
5.5 2.35 3.8 
6.5 2.0 3.4 
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Fig. 7—Effect of Zinc on Alloy SC6(SC84A) Die Cast- 
ings.* 


1 as alloy SC84A-B (SC6, SC7).!. The zinc allow- 
ance shown is 0.9 per cent as this is an ingot speci- 
fication, but the casting limit for zinc in SC6 and 
SC7 is 1.0 per cent. This zinc limit was approved 
only after a cooperative test had been run by Com- 
mittee B-6 of the ASTM, and die-cast specimens of 
this alloy with zinc contents of 0.25, 0.5, 1.0, 1.5, and 
2.0 per cent had been tested.2, The composition of 
the test metal is shown in Table 4, and the results of 
the test are shown in Fig. 7. Each point on the 
curves on Fig. 7 is an average of results on five test 
bars made by each of three die casting companies 
tested by each of three laboratories, or a total of 45 
individual tests. The conclusion is the same—that 
the only effect of the increased zinc seems to be a 
slight improvement in elongation. 

In the evaluation of the effect of zinc on these 
copper-silicon type alloys care must be taken to guard 
against magnesium contamination. In all of the above 
tests the magnesium contents were below 0.1 per cent, 
as these alloys are somewhat susceptible to age hard- 
ening and this susceptibility is tremendously magni- 
fied when the magnesium content exceeds about 0.1 
per cent. This effect is graphically illustrated in Fig. 
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8 where the increase in tensile strength, yie!| 
strength, and hardness and the sharp decrease i) 
elongation are demonstrated when magnesium in 
SC64B is increased from zero to 0.51 per cent. 

A modification of SC64B is shown in Table | a; 
SC64C, the only difference being the wider range «| 
copper and the higher limits of impurities in SC64(. 
It is generally believed that the limits shown for SC- 
64C are unnecessarily wide and that in the case of 
the maximum magnesium content particularly, this 
specification can result in material that tends to be 
brittle. Examination of the effect of zinc must be 
done in a manner to guard against the harmful el- 
fects of magnesium when it is allowed as high as 0.5 
per cent. 

The same is true of SC51A as this composition re 
quires a magnesium content of 0.4 to 0.6 per cent to 
develop maximum properties when heat treated. It is 
usually not used in the as-cast condition, therefore, 
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Fig. 8—Effect of Magnesium on Sand Cast SC64B. 
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as the higher magnesium is likely to have the same 
effect as in SC64C and cause loss of elongation as 
the castings age. In this alloy, too, zinc is still lim- 
ited to 0.3 per cent and iron to 0.6 per cent for heat 
treating purposes. For this reason it can be more 
expensive than the ordinary silicon-copper alloys and 
the question of higher zinc is of less importance. It 
seems proper to continue close specification limits on 
SC51A and to use it only when heat treatment is re- 
quired. 

Because of the purer grades of scrap necessarily 
used in the copper-free aluminum alloys, the need 
for wider zinc limits in them is not as acute as in the 
copper-silicon alloys. Several years ago an investiga- 
tion was made by Committee B-6 of the ASTM in 
which die cast test bars were made of both high 
purity and of secondary silicon-aluminum alloy $12A- 
(S5) and exposed for ten years at three outdoor lo- 
cations: Sandy Hook, New Jersey; New York, New 
York; and Altoona, Pennsylvania. Accelerated cor- 
rosion tests also were made.* The high purity grade 
contained no zinc and the secondary grade 0.52 per 
cent zinc with higher amounts of other impurities as 
well. Conclusions from the several committee reports 
during the progress and at the conclusion of the test 
showed ‘no significant difference in the effects of cor- 
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Fig. 9—Effect of Zinc on Sand Cast S5A. (Fe, 0.30; Si, 
5.00; Mn, 0.02; Cu, 0.05). 
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rosion and exposure between the bars from the pure 
$12A and the bars from the secondary $12A.* 

Subsequently.an individual investigation was made 
of the effect of a small amount of zinc on alloy S5A- 
(S4), and mechanical tests were made on test bars of 
this alloy with zinc contents ranging up to 0.40 per 
cent. Test results are plotted in Fig. 9. In the as-cast 
condition tests were made initially and after 30 days, 
and are so indicated in Fig. 9, although only one 
curve was drawn because the two sets of values were 
very close. These bars were also subjected to the 
intermittent immersion test in the hydrogen peroxide- 
sodium chloride mixture, and mechanical test results 
on the corroded test bars are also plotted in Fig. 9. 
All of these curves are substantially horizontal, in- 
dicating again that these nominal quantities of zinc 
have no effect on the material. 


Allowable Zinc Content 


It can be concluded, therefore, that zinc in these 
copper-free silicon alloys can be safely allowed up to 
about one-half per cent with no harmful effects on 
the mechanical properties or the resistance to cor- 
rosion. Years of experience with castings of silicon- 
aluminum alloys lead to the same conclusion. 

Mention should be made of the effect of these 
higher zinc contents on other properties of aluminum 
casting alloys. The following items were gained more 
from experience with hundreds of foundries and die 
casting companies than with specific laboratory tests, 
and are difficult to present in tabular form. It can be 
said, generally speaking, that in the copper-silicon 
type of alloy zinc contents up to 2 or 2.5 per cent, 
and in the silicon type zinc contents up to 0.5 per 
cent differ from their counterparts with the present 
lower zinc limits only as follows: 

Any variation in casting properties is hardly notice- 
able. In certain heavy-sectioned die castings it has 
been found that the setup time with the higher zinc 
is slightly longer, but the slight increase in fluidity 
usually compensates production-wise. Close contact 
with many foundries who cast in sand and permanent 
molds has shown no apparent difference between cast- 
ability with 1 per cent zinc and with 2 per cent zinc; 
other things being equal. Many foundrymen accus- 
tomed to casting No. 12 with 2 to 2.5 per cent zinc 
prefer the higher zinc content. 

Machinability is greatly improved with higher zinc. 
In the author’s experience with one particular perm- 
anent mold job made of an alloy containing 6 per 
cent copper and 4 per cent silicon the smooth facing 
of a flange with tools of high speed steel was prac- 
tically impossible until the zinc content was raised to 
2 per cent. 

The cost of copper-silicon alloys and of pure silicon 
alloys is usually lowered when zinc limits are raised. 
The ZC and ZG alloys shown in Table 1, however, 
are necessarily more expensive because of the neces- 
sity for low limits on copper, iron, and silicon to 
secure the high strength; consequently their cost is 
not affected by their zinc content. 

Further mention should be made of the ZC and ZG 
high strength alloys. Their increasing popularity 
where strength is important and heat treatment un- 
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desirable, is certainly evidence that the presence ol 
zinc in aluminum castings is not in itself dangerous. 
Composition ZG32A, for example, has met with great 
success in high strength castings where high elonga- 
tion is desired and where heat treatment is unneces- 
sary. The ternary combination of aluminum with 
zinc and magnesium is not as readily castable as are 
the alloys with silicon, but the high strength together 
with superior corrosion resistance, greater stability, 
and much better machinability have in many in- 
stances more than compensated for the extra pre- 
cautions required in the foundry. These combina- 
tions, like the wrought ZG62A, will no doubt become 
more and more popular where high strength and high 
elongation are desired. It should be pointed out 
that ZG32A, chill cast, develops a typical tensile 
strength of 33,000 psi with an elongation of 22 per 
cent without heat treatment, and the other combina- 
tions develop properties corresponding. 


Conclusion 


In conclusion, it is felt that a definite statement 
can be made that most of the common copper-silicon 
casting alloys will be improved with a zinc content 
approaching double the present allowable amounts. 
It has even been thought that like silicon, which was 
once considered an undesirable impurity, zinc may 
prove to be a highly desirable addition to these alloys 
when present in controlled quantities to definite spe- 
cifications. 

The author wishes to acknowledge gratefully the 
assistance of the following members of his organiza- 
tion. Mr. Robert Raisig in preparation of the graphs, 
and Mr. O. Tichy, Mr. Howard R. Youngkrantz, and 
Mr. John J. Stobie in the experimental work. 


Recognition should also be given to the work of 


Mr. Walter Bonsack, some of which is represented in 
this paper, and which is so well summarized in his 
Dudley Award paper in 1943.4 
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DISCUSSION 


Chairman: W. J. Kiayer, Aluminum Industries, Inc., Cincin 
nati. 

HikAM BROwN (IVritien Discussicn):' For years it was the 
impression that alloys of aluminum and zinc were very bad from 
the corrosion standpoint. Work in recent years, particularly that 
dene on the aluminum-zinc-magnesium type of alloys, has very 
thoroughly disproved this point. I am happy to see that some 
one is also working on the effects of zinc on castability, fluidity. 

I note that the author mentions that in heavy section die cast- 
ings, set up time with higher zinc content is slightly longer. Is 
this believed to be due to the solubility of zinc and the tendency 
of zinc alloys to have a long freezing range of the solid solution 
type? If so, this brings to my mind the question of what effect 
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the increased zinc would have in reducing the tendency of th« 
normal copper and copper-silicon alloys to have pin hole porosi 

due to the presence of hydrogen in view of the relative freedo:) 
from pin hole porosity of the aluminum-zinc-magnesium alloy .. 

In view of the fact that many of the aluminum-zinc-magn 
sium alloys are quite sensitive to the presence of silicon, copper, 
and manganese, I wonder what effect increased zinc would have 
on the normal copper or copper-silicon alloys if the copper, 
manganese, and silicon are on the high side of the residual range 
or alloying range, as the case may be. If any heats were mace 
up approximating these conditions, was there any tendency 
toward embrittlement as zinc increased? 

WALTER Bonsack (Written Discussion):* The author of this 
paper should be congratulated for his fine presentation of fur- 
ther evidence that zinc is a useful alloying element in aluminum 
alloys. It is especially commendable that he had enough pers« 
verance to bring up a subject which seems to be tabu to talk 
about, and further that he has proven again that this element is 
harmless or even beneficial in aluminum alloys. I have observed 
this struggle of pro and con for the last 20 years. It is still 
going on. I will not say that it is a losing battle, but it is cer 
tainly a war of nerves, i.e., the “cold zinc war.” 

About 20 years ago I attended a meeting of a specification 
writing body in which the question of zinc was discussed at 
length. Poor zinc lost because not enough figures or facts were 
presented to prove the good effect of zinc. 

After this meeting I set out to prove to myself and the metal 
lurgical world what zine actually would do in aluminum alloys. 
All possible tests were used to study its behavior. Because one 
of the contentions stated that zinc makes aluminum alloys hot 
short, tests at elevated temperatures also were included during 
all testing. 

The zinc content of standard foundry alloys were increased to 
many times their top limits. Still no harmful effect was found. 
The results of these tests and the analysis of test results of other 
people were published by me in 1942.‘ 

In addition many very interesting facts were found. For 
example, adding zinc to CN42A alloy increased not only the 
sivength and yield strength and hardness without diminishing 
the elongation noticeably, but this study also led to a series of 
allovs ZG32A and 42A and others.* 

Additions of zinc to silicon alloys not only improves castability 
but also increases many times their machineability. These facts 
were used during World War II to great advantages in our 
emergency. In fact, alloys of 7 Cu, 3 Si with additions of zinc up 
to 5 per cent performed very useful purposes without any report 
to the contrary. 

Shortly after the war when a conglomerate of aluminum alloys 
came back in the form of war scrap, compositions of aluminum 
alloys sprang up with such wide limits in all elements—includ 
ing the harmful ones—that even the proponents of the harmless 
clement zinc were flabbergasted. 

One of the alloys coming back is the strongest wrought alumi 
num alloy which contains 5-6 per cent zinc. This alloy was used 
extensively in aircraft construction at home and abroad. It is of 
the same family discussed in the paper by me.* Nevertheless, 
the “cold war” against zinc generally continued. 

In summary, the findings of the author and myself show that 
additions of zinc to present aluminum alloys do increase cast- 
ability, machineability, and color in anodic oxidation. They do 
not harm physical or mechanical properties or corrosion resist- 
ance. They do not increase hotshortness. 

Still the objection against zinc addition in sensible amounts to 
aluminum alloys continues. The critics have not produced facts 
to prove their case, nor have they been able to disprove the 
facts brought forth by the proponents. What then is the reason 
for this antagonism? Is it to be concluded that some kind of 
business politics is blocking the way of progress? I do not want 
to believe that such a thing is possible in an age where we are 
speaking of “pure” science. 

Science has proven so far that zinc up to 3 per cent or so in 
aluminum alloys is either harmless or beneficial. Practice and 
use has borne this out. 


*W. Bonsack, “High Strength Non Heat-Treated Aluminum Casting 
Alloys,”” pp. 453-461 in this volume. 

1Company Chief Metallurgist, Solar Aircraft Co., Des Moines, Iowa. 

* Director of Research, Christiansen Corp., Chicago. 
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EFFECT OF SLAG ON FURNACE LININGS 


By 


L. B. Wyckoft* 


ABSTRACT 


The following paper deals primarily with the chemical reac- 
tions of the slag on furnace linings. The course of the slag 
forming materials is followed from the charge to the slag tap 
hole showing calcining, preheating, random distribution and 
finally imperfect blending that may leave active slags in con- 
tact with the lining in spite of an overail balanced slag-lining 
combination. 

Constitutional diagrams of some of the more common slag- 
forming combinations are shown as a visual aid and a reason- 
ably simple lesson on the use of such diagrams is offered. Four 
binary systems, two ternary systems and one diagram showing 
how to develop a cross-section of a ternary system are shown. 

The saturation of the slag with respect to the lining material 
and the maximum furnace temperature is given as the basis 
of preventing lining erosion. 


The erosion of furnace linings is the result of fric- 
tion, heat and chemical activity. The effect of a 
solid charge sliding past a lining creates friction 
which is easy to visualize and needs no further dis- 
cussion. The effect of heat is a litthke more compli- 
cated. Heat softens certain combinations within the 
refractory material at temperatures often much lower 
than the final melting point of the refractory. This 
softening may loosen the bond between the higher 
melting particles and allow friction to scour them off. 
Heat may also melt enough of the refractory to make 
it actually flow, or sag and drop like a silica brick 
in the roof of an open hearth furnace when it be- 
comes too hot. 

The chemical activity, however, is probably the 
greatest of all because it contributes to the other two 
actions. In considering slags and refractories we will 
be dealing mostly with metallic oxides, flourides or 
sulphides. In general, silica, SiO., is the principal 
acid oxide, lime (CaO), magnesia (MgO), mangan- 
ese-oxide (MnO), iron oxide (FeO), are the prin- 
cipal basic oxides. Alumina (Al,O3) may act as an 
acid, a base or a neutral, depending on the balance 
or lack of balance of other acids and bases. Calcium 
fluoride (CaF.), fluorspar, is very active in combining 
or reacting with both acids and bases. It acts rapidly 
to make slags more fluid and requires only about 5 


* Electro Metalluigical Co., Retired, Lewiston, N.Y. 
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per cent. Unfortunately one of its compounds is 
volatile at furnace temperatures and rapidly escapes 
from some slags, so its effect is only temporary. 

Slags and refractories are usually composed of some 
combination of the above oxides with some minor 
constituents which are carried in or on the pig, scrap, 
coke and fluxes. Since slag and refractories are often 
only different proportions of the same ingredients, it 
is possible for the two to react to give some different 
combination which would produce undesirable re- 
sults. For instance, the ordinary fire brick is an alum- 
inum silicate. The higher the Al,O, the higher the 
melting point. 


Cupola Slags 


Cupola slags are aluminum silicates with some bascs 
such as lime, magnesia, or iron oxides in addition. 
The limestone is calcined in the upper part of the 
cupola, driving off carbon and oxygen (CO,) and 
converting it to lime in lump form. The ash of the 
coke is partly in the form of chips of slate or shale 
and partly dispersed finer particles deeply imbedded 
in the coke. These materials individually may have 
higher melting points than the final slags and do not 
readily blend until much of the coke has been 
burned away. Thus they reach the reaction zone not 
far above the tuyeres and only then do they begin to 
blend to form the slag which is tapped out. Since 
the various components of the final slag reach the 
hot zone uncombined, it is inescapable that some of 
these ingredients will contact the lining and react 
with it before they are neutralized by other compon- 
ents of the charge. 

The stability: of lining from a chemical standpoint 
depends on the slag being combined in such propor- 
tion that reaction with the lining material would 
require higher temperatures than is obtained in the 
furnace. 

In practice slags are seldom entirely uniform. They 
form in a bed of coke which has not given up all of 
its ash yet. Free blending is restricted by the physical 
difficulty of excesses of one element moving to a 
point where excesses of the balancing element exist. 
Slags which will no longer dissolve lime at the fur- 
nace temperatures may still carry it along as solids 
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when it taps from the furnace, while some other por- 
tion of the slag may be lacking in lime. Slags may 
carry a considerable proportion of solids without 
greatly reducing their fluidity. A small excess of lime 
above the saturation point is permissible and should 
be a good deterrent against corrosion of basic linings. 
Lime being a stronger base than MgO would tie up 
the acid oxides and thus protect magnesia linings. 

Magnesia (MgO) has considerable fluxing action 
on acid slags but relatively small fluxing action on 
basic slags. Additions of MgO in small amounts, pos- 
sibly 5 to 10 per cent, could replace CaO for the sake 
of producing a saturation with respect to the MgO 
lining. From a straight fluxing standpoint Al,O;, 
CaF., FeO oi: MnO would be more effective. Korber 
and Oelsen* have discussed fluxing values of the 
various oxides along these lines. 


Acid Linings 


In the case of acid linings with basic slags, the 
acids from the lining would tend to lower the melt- 
ing point of the basic slag and the bases from the 
slag would blend with the brick to give the brick a 
lower melting point. This, of course, would lead to 
heavy scouring of the brick. 

Acid linings with acid slags may be considered as 
the normal conditions which are well known to all 
operators. In this case slags with less than 15 per 
cent Al,O; would be fluxed to a slightly lower melt- 
ing point by absorbing some of the brick. However, 
acid slags have lower heat conductivity and reactions 
are more sluggish than basic slags, so it is likely that 
the random distribution of the lime bringing some 
particles in contact with the brick is the major chem- 
ical factor leading to corrosion of acid linings with 
acid slags. 

Scientists have studied the interaction of many of 
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Fig. 1—CaO-SiO, System. (Adapted from G. A. Rankin 

and F. E. Wright, American Journal of Science, 4th Series, 

vol 39, p. 5, 1915, modified by J. W. Grieg, ibid. 5th 
series, vol. 13, pp. 1-44, 1927). 





* F. Korber and W. Oelsen, Stahl and Eisen, vol. 60, pp. 924-9 
(1940). 


EFFECT OF SLAG ON FURNACE LININ« 





















A. 5072 
> 
4800 F- \e M90 
4658 
sil SYSTEMS 
4400 |—-cao 1190 Side as 
Ca0 $102 —| 240 
-— /1n0 $102 4 
Fed $102 
4000 }- 4 220 
3600 |} 200: 
“32495 1800 
3200 “— Slo 
Mno >, 
a 3 1710 
: te 1600 
2800 . 
* 2 
a : - "2651 J 
[2507 %, Pr *26/7 — /400 
Ls FeO 2444 7 d 
2400 el inte \3 Riis 
‘o 1 “Ko2209 “al 
eS /200 
son i. ae a 
2000 
£5010 20 30 40 50 60 70 80 90 1wox 
S102 


Fig. 2—-Composite diagram of four systems adapted from 
the following works: MgO-SiO,, N. L. Bowen and O. And- 
erson, American Journal of Science, 4th Series, vol. 37, 
p. 488, 1914; CaO-SiO,, G. A. Rankin and F. E. Wright, 
American Journal of Science, 4th Series, vol. 39, p. 5, 
1950; MnO-SiO,, J. White, D. Howat and R. Hay, Journ- 
al, Royal Technical College, Glasgow, vol. 3, p. 239, 
1933-36; FeO-SiO,, N. L. Bowen and J. F. Schairer, 
American Journal of Science, 5th Series, vol. 24, p. 200, 
1932). 


the slag-forming elements systematically in groups of 
two or three components. Such studies have been set 
off in diagrams which give a visual impression of the 
general trends and for the advanced student give 
considerable detail. 

First consider the system lime silica (CaO-SiO,), 
Fig. 1. This diagram indicates a series of melts com- 
posed of lime and silica in all proportions from 100 
per cent lime to 100 per cent silica. The percentage 
of SiO. is set off on the base line. The balance in 
each case is CaO. For a composition represented by 
any point on the base line the point on the top line 
in the graph above that point represents the liquidus 
temperature, which is the temperature required to 
make that particular composition entirely liquid. 
The first horizontal line below the liquidus repre- 
sents the solidus, which is the temperature below 
which no liquid is found when the melts have had 
time to reach equilibrium. Between these two lines 
there will be a mixture of liquid and solids. For 
example, assume point P at 50 per cent SiO.. The 
liquidus would be 2740 F while the solidus would be 
2651 F. Likewise, for any other ratio of CaO to SiO. 
corresponding values may be determined from the 
curve. From this diagram we can see that only the 
central section of the diagram shows melting ranges 
within the scope of the cupola practice. Ii is also 
apparent that it is not safe to generalize in saying 
either of the components raises or lowers the melting 
point without tying it in with some specific range of 
the diagram. 

Figure 2 shows a composite diagram comparing 
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Fig. 3—CaO-Al,O,-SiO, System. (G. A. Rankin and F. E. 


Wright, American Journal of Science, 4th Series, vol. 39, 
p. 52, 1915; J. W. Greig, ibid. 5th Series, vol. 13, p. 41, 
1923). 


four systems which have significance in the studies 
of slag properties. These superimposed diagrams show 
that in binary composition with SiO,, MgO gives no 
melting at all below 2810 F which temperature occurs 
at about 65 per cent SiO,. CaO gives low melting 
points of 2617 F at about 63 per cent SiO, and 2651 
F at about 49 per cent SiO.. On the other hand MnO 
and FeO suppress the melting points down around 
the 2200 F range with SiO, as low as 38 per cent. 





Fig. 3A—Photo of model of CaO-Al,O;-SiO, System. 


527 


These are all in respect to two component systems 
only and should be considered only as to the compar- 
ative fluxing values, not as final values. In slags 
there are practically no two component systems. Even 
in steel slags, which are often considered as lime 
silicates, there is always iron oxide present as well as 
phosphates and added fluxes which make the systems 
more complex. 

Figure 3 shows the Ternary System (three com- 
ponents) CaO, Al,O 3, SiOz. This is given to show the 
effect of alumina on lime silica slags. Figure 3A is a 
photograph of a solid model of this system. In this 
triangular system each corner represents 100 per cent 
of the indicated component and the side opposite 
equals zero. Each side is laid off in ten equal parts 
by V marks (Fig. 3). Lines drawn through these 
marks parallel to each side will divide the diagram 
into 10 per cent lines, reading from the side line to- 
ward the opposite corner. The temperatures cannot 
be shown conveniently as vertical lines in this type 
of diagram so instead they are shown as dotted lines 
connecting all the points of an equal temperature. 
These lines are called isothermal lines or isotherms. 

To see the effect of alumina (Al,O3) on the lime sil- 
ica slags, take the point CaO-SiOy, at 52 per cent SiO, 
on the ternary diagram CaO,—Al,O;-SiOy, as a start- 
ing point. Draw a line from this point to the Al,O; 
corner. By laying the edge of a paper along this line 
the location of each isotherm and each boundary 
line can be marked on the paper. This then becomes 
the base for a sectional plane through the diagram. 
From each point so marked draw a_ perpendicular 
line and mark a distance to scale corresponding to 
the temperature indicated at this point by the iso- 
therms. Connect these points to produce a series of 
curves intersecting at the boundary lines. 

Figure 4 shows two sections thus constructed, one 
for the line CaO-SiO,+Al.O;, and the other for a 
shorter section on the line CaO-SiO.+Al,0;-SiO,. 
The base line is calibrated in units equal to 10 per 
cent Al,O; which in the case of the section going to 
the Al,O; corner gives 10 divisions or 100 per cent, 
while the shorter section only covers a little over 60 
per cent Al,Osz. 

Any line across the ternary field could be treated 
in the same way to produce a visual image of the 
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Fig. 4—Sections derived from Rankin and Wright tern- 
ary diagram CaO, Al,O;, SiO,. 
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changes that would take place by the blending of 
two different combinations. One such combination 
might be the slag, the other the lining. By studying 
the curve along such a section it would be easy to 
visualize the changes in melting point that would 
occur to the lining if it united with some of the slag, 
or the changes in the melting point of the slag by 
uniting with some of the lining. Another combina- 
tion might be the slag forming materials in the coke 
or other raw materials, the other the flux, such as 
lime. 

With a little practice these trends can be estimated 
by the pattern of the isothermal lines alone without 
actually drawing a cross-section. Isothermal lines 
close together indicate a steep slope to the curve, 
while lines far apart indicate a more gentle slope. 
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Fig. 5 — CaO-FeO-SiO, System. (N. L. Bowen, J. F. 
Schairer and E. Posnjak, American Journal of Science, 
5th Series, vol 26, p. 204, 1933). 


Figure 5 shows the system CaO, FeO, SiO,. This 
shows that FeO like Al,O, causes a decided lowering 
of the melting point as FeO is added to the CaO-SiO, 
compound. Looking at the two diagrams further 
though it would indicate that the iron had less effect 
than the Al,O, in the more basic slags. 

When a fourth or fifth component is added to the 
slag there are no adequate diagrams to indicate the 
behavior as a complete system. However, in the 
absence of other information it can be assumed that 
the first additions of a new element has a depressing 
effect on the melting point. With elements which 
only occur in small quantities it can be assumed that 
each additional element lowers the melting point to 
some extent. 

Melting point is a rather indefinite term. It has 
different implications for different uses. In slags the 
implication is the temperature at which free flowing 
properties are produced, which approaches the li- 
quidus. In a refractory it is the point at which the 
refractory loses its strength and sags out of place or 
collapses. That is somewhere above the solidus. At 
a slag refractory interface it is the temperature at 
which the lining will be dissolved in the slag. In 
using scientific diagrams we should select the liquidus 
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or solidus according to which point is significant in 
the application to which the data is to be applied 
Only at points where the liquidus and solidus ar 
the same are there true melting points. Otherwise 
there are melting ranges. 


Conclusions 


The effect of slag erosion on furnace linings is 
principally due to chemical action leading to solution 
of the refractory elements in the slag. 

Slag forming elements combine to form low melt- 
ing compositions called eutectics and high melting 
compositions and various intermediate combinations. 

For a given temperature there is a line of limiting 
compositions in a ternary diagram on one side of 
which all particles may be put in solution and on the 
other side of which the excess of one or more of 
the elements will remain solid. This would be the 
isotherm of the liquidus temperature. 

_ When the lining material, if dissolved, would rais¢ 
the melting point of the slag above the maximum 
furnace temperature, the corrosion of the lining 
would be reduced to a minimum. 

Slags are never completely uniform and some por- 
tions of slag may be of such a composition as to dis- 
solve part of the lining even though the average or 
the bulk of the slag would be neutral. 

A slight excess in the slag of elements akin to the 
lining material will help to eliminate the random 
scouring compositions. 


DISCUSSION 


Chairman: R. H. Stone, Vesuvius Crucible Co., Swissvale, 
Pittsburgh. 

Co-Chairman: W. R. Jarscuke, ‘The Whiting Corp., Chicago. 

Recorders: R. H. StoNE and W. R. JAESCHKE. 

MeMBER: The problem of the metallurgist is more compli 
cated. Factors present are the slag, the metal, the air and the 
lining; with from five or six elements present it is difficult to 
determine the eutectic. In electric furnaces the slag is reduced 
or decomposed and metalloids present pass to both the metal 
and the slag. 

Mr. WyckorF: Fourth and fifth elements present tend to 
lower the liquidus point. It is more complex. The melting point 
of the last element may be lower but slag may be more viscous. 
Anything left in the slag will lower the melting point. Will Al,O, 


‘lower the melting point? It will depend on what point of the 


tri-axial diagram is being considered. 

MeMBER: An acid lining in an electric furnace will pick up 
silicon from the metal. If basic elements are added in the stack 
the slag will become too fluid and corrode the lining. Adding 
silica will raise the melting point but slag will become viscous. 
Viscous or “long” slags will lower the electrical and thermal 
conductivity. It is difficult to select a lining which does not 
affect the alloy. With 7 per cent graphite in the lining there is 
no change in the metal (presumably carbon pick-up). You will 
get corrosion of the lining. 

Mr. Wyckorr: There never is equilibrium in the furnace 
until the metal is tapped out. 

H. W. Lownie:' ‘Typical acid slag will melt at 2200 F; basic 
slag at 2500 F. Tapping from the cupola at 2700 F, basic slag 
will be less fluid. Is acid slag necessarily more fluid at 3000 F 
in the stack than when tapped at 2700 F? 

Mr. WyckorF: Basic slag is in equilibrium with metal. Basic 
slag will appear less fluid. 

Mr. Lownie: When basic or acid slag is up to 3000 F, the 
basic slag will be fluid like water. 

W. M. Kerwin:? Basic slag is more fluid than acid slag but 
will freeze quickly while acid slag will retain liquidity longer. 


' Battelle Memorial Institute, Columbus, Ohio. 
* Meehanite Meta! Corp., Cleveland. 














NEW METHODS IN METAL PATTERNMAKING 


By 


H. J. Jacobson* 


We have just passed the halfway mark in the pres- 
ent century and it would be safe to say that man has 
made more progress in the last 50 years than in all 
the years since the patternmaker was born, some 350 
years ago. 

When we study the past history of man, we find 
that there are three basic developments in our entire 
history that have brought us where we are today. 

The first was the discovery and development of 
sand molding with the use of a split pattern, along 
with the development of the common use of iron, 
and for 300 years man literally dug our present day 
civilization out of the earth with his bare hands and 
the muscles of his body. 

The start of the second basic development took 
place in the 19th century, approximately 200 years 
later, and this was the discovery and development of 
artificial power. Here man began to use his brain 
instead of his muscles, harnessing the fruit of 300 years 
of hard labor. 

We are all somewhat familiar with the third basic 
development which has taken place in the last 50 
years; we have become the greatest nation on earth 
because of the development of machines and tools 
with which to use this power. 

This machine and tool development has had its 
effect on patternmaking methods. We have changed 
from a wood working industry to a metal working 
industry. We have changed from wood shrink rules 
to steel shrink rules. We have changed from steel 
shrink rules to shrinkage charts which measure shrink- 
age in thousandths of an inch, so that micrometers 
can be used. We have changed from a pattern shop 
to a die shop in the true sense of the word. 

Why has this change been necessary? There are 
two basic reasons: First, because of the machine and 
tool development in the various sequences of opera- 
tion in the foundry to produce the casting. 

A pattern equipment has two types of dimensions, 
“The Product Dimensions” and the “Foundry Func- 
tional Dimensions” and the more advanced the found- 
ry becomes in machine and tool development, the 





* Industrial Pattern Works, Chicago. 
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more important these functional dimensions become. 

Today it has become general practice in the Pat- 
tern Shop to check these functional dimensions with 
“Checking or Proving Plaster’ to see that all of the 
functional dimensions are correct within decimal tol- 
erances before sending the equipment to the foundry. 

The second reason these changes in Pattern Shop 
methods have been necessary is because of the mach- 
ine and tool development on succeeding sequences of 
operation that casting must pass through to become 
a finished part or product. 

On automotive and aircraft work it has become the 
practice to make casting drawings showing the amount 
of finish allowances for the pattern maker to provide 
and also predetermine locating pads on the casting 
which are first spot-faced in a qualifying fixture so 
that castings will machine in true relationship to the 
as-cast dimensions. These fixtures are called qualifying 
fixtures because of the significance of the operation 
being performed, such as “The casting is being quali- 
fied for the next sequence of the operation.” 

On small castings, however, where large quantities 
are made, this method is not practical, and is not 
necessary if proper patternshop and foundry pro- 
cedure is followed. Here the casting must be a quali- 
fied casting in its as-cast condition and no qualifying 
operation is used. 


Automatic Chucking of Castings 


Automatic chucking of castings started in the valve 
and fitting industry 40 years ago and has now ad- 
vanced to completely automatic loading exactly like 
feeding rolled strip steel to a punch press or feeding 
bar stock to a screw machine. A hardened steel quali- 
fying gage at the top of the loading chute prevents 
shifted castings from entering the machine. 

When man discovered how to make iron castings 
which were economically within his means, his first 
requirement was a stove with which to heat his 
home. His next requirement, developed in the 1800's, 
was plumbing and thus was born the valve and fitting 
industry. When an industry as basic and important 
to our national economy as the valve and fitting in- 
dustry, universally accepts a means by which to gain 
a given result, it would be well for us to consider the 
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Fig. 1 


reason for this practice. 

Metal patterns or impression dies, as they should 
be called, were made in the valve and fitting pattern 
shops 40 years ago to extremely close tolerances, but 
machining a large number of split patterns all over 
before mounting on plates is costly and the result 
depended entirely on the skill of the mechanic or 
patternmaker doing the job. With a shortage of 
skilled patternmakers at that time, this problem led 
to a new development which was universally accepted 
by this industry and is still used today, and that is 
the electroplate copper method of producing exact 
reproductions of the master supplied, whether made 
of wood or metal. 

From the dimensional standpoint these reproduc- 
tions were almost to zero tolerance of the master, not 
only in the first and second dimension, but in the 
third dimension as well, exactly what the pattern- 
maker was looking for. The only fault that could be 
found with these pattern reproductions was in the 
material itself. Copper being a comparatively soft 
material, nicked easily, but for want of something 
better, this method of producing patterns was uni- 
versally accepted in the valve and fitting industry. 

This would lead us to believe that some basic value 
other than wear resistance was the answer and when 
we realize that this development took place at ap- 
proximately the same time as automatic chucking, it 
ties in perfectly with the dimensional accuracy re- 
quirements. 


Aluminum Metal Patterns 


In the last 20 years aluminum has become a widely 
accepted metal for metal patterns and in the early 
1940's one of the leaders in the valve and fitting field 
experimented with pressure cast aluminum pattern 
castings to replace the electroplate method. The basic 
difference here was that the electroplate method was 
a cold working method where no shrinkage was in- 
volved which meant that new master patterns had to 
be made for any replacements on equipment pre- 
viously made. 

After working with one of the leaders in the pres- 
sure cast field for some time, satisfactory pattern 
castings were made and this procedure has been 
followed since that time. 

Figure 1 shows the master pattern and one pattern 
casting of the present method used. The master is 
made of brass machined all over to tolerances of 
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+0.001 in. The only machining allowance for the 
pattern castings is placed on the parting. This finish 
allowance is added by using 44,-in. sheet brass which 
is cut to a size which is approximately 14 in. larger 
than the contour shape of the pattern at the parting 
line. 

The brass master pattern is then mounted on an 
aluminum plate held down by screws from the back 
side. The 145-in. brass finish stock is placed between 
the master pattern and plate and held down by the 
same screws that hold the pattern. The reason for 
allowing this finish stock to extend over the edge of 
the pattern around the entire perimeter is so that 
when the pattern castings are machined on the part- 
ing face a sharp corner will result. This machining 
is usually done in a lathe by placing the casting 
against a jig block of 3-point or 4-point contact on 
core prints, depending on the shape of the pattern 
casting, and holding them in place by the tail stock 
center of the lathe or hold down screws. 

The half pattern castings are made by the pressure 
cast method the same as pressure cast matchplates 
without the plate being cast integrally. The plaster 
sections are slushed together into one mold and 
poured at one time and gating is done on the back 
side of the casting through a round gate opening. In 
this way the pattern area is not distorted by gate 
grinding. 

No internal chills are used thus eliminating the 
porosity prevalent in pressure cast plates. 

An important advantage of this method is that ac- 
curate duplication can be made quite inexpensively 
if patterns should wear or if additional pattern equip- 
ment should be needed. This means then that you 
have a pattern set-up of somewhat of an expendable 
nature wherein it would be cheaper to replace these 
patterns than to do extensive repair work if required. 

In some applications the patterns are jig drilled for 
complete interchangeability and replacements are 
made in the foundry proper. 


]-in. Valve Body Pattern 


Figure 2 shows the results of metal pattern equip- 
ment made for a l-in. valve body using this same 
method of producing the pattern castings. This valve 
body is machined in an automatic machine with form 
fitting jaws which hold only on the body contour of 
the casting. The complete machining cycle is com- 
pleted without the casting being removed from the 
jaws. 

The finish allowance on the inside of the casting is 
held to 0.35 in, on a side so that a minimum amount 
of stock must be removed in the machining operation. 
The general wall section on this casting was specified 
at 0.135 in. and in checking a representative number 
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of castings the high was 0.140 in. and the low 0.130 in. 
or a +0.005 in. on wall thickness. 

With this kind of close tolerances being held in 
sand casting dimensions the question will immedi- 
ately be raised as to what kind of core box and drier 
equipment was used. 

Figure 3 shows the core box equipment which is a 
t-cavity blower core box run with one upper half box 
and two lower half boxes, the third half is not shown 
in Fig. 3 but it is an extra pin half which would be 
the same as the half shown on the lower part of this 
illustration. These boxes are also of an expendable 
type wherein it is cheaper to make new boxes than to 
make extensive repairs to the old or wornout boxes. 

This is accomplished by a method similar to the 
die sinking method wherein a steel or permanent hob 
is made of the complete cavity cluster. This hob is 
referred to as a mandrel which becomes a permanent 
dimensional master for making any number of core 
boxes. 

The castings made from this mandrel are accurate 
within +0.002 in. within a distance of 12 in. 

The cavity surfaces are of mirror-like finish with- 
out hand or machine work of any kind and exact 
match on cavities can be held within 0.001 in. on a 
box of this kind with commonplace consistency. 

Whenever possible cavity locations are laid out in 
such a way that the upper half box and the lower 
half box can be made from the same mandrel. (Note 
in Fig. 3 the two center cavities are mating halves and 
two outside are mating halves). 

The material is an aluminum alloy with a very high 
abrasive resistance quality and these boxes are run 
in the blower without armor or facing of any kind. 
This makes it possible to keep the replacement cost 
at a comparatively low figure which is much less 
than extensive repair work on worn boxes, 


Driers 


The importance of driers in a production equip- 
ment of this kind must be given as much considera- 
tion as the rest of the pattern equipment. 

Figure 4 shows a plaster core which was not re- 
moved from the lower half of the box after being 
made. These plasters were made with the box closed 
and plaster was poured and vibrated into the cavi- 
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ties through the blower holes; thus the plaster is an 
exact duplicate of the cavity from which it was made. 

The drier which is in place on top of the lower. 
half of the box has been cut away to show the exact 
fit to the cavity contour. These driers are also cast 
by the permanent mandrel or impression die method. 
You will note that the conventional clearance used 
on driers of this kind is lacking in Fig. 4. The man- 
drel for the drier is made to 0.010 in. on the diameter 
larger than the core box and the height is made to 
give 0.002-in. to 0.004-in. crush on the core when the 
drier is in place over the core. These driers could be 
cast to the exact size of the core but it has been 
found necessary to give a clearance of 0.005 in. on 
the side so that the core can be removed readily from 
the drier. 

It has been found possible to eliminate core wires 
in cores of this kind because of the extreme accuracy 
of the driers made by this method. The bridge wall 
through the valve body and port opening are not 
supported by the drier. This is shown by the slight 
opening at the top of the cavity on the left in Fig. 
4. This is possible only because the balance of core 
is well supported by the drier contour. 

The lower surface of the drier or the surface near- 
est the parting when the drier is in place is made 14 
in. to 545 in. above the parting so that the bearing 
surface of the drier does not go all the way to the 
parting of the box. This is done so the drier will not 
shave when lowered into position. Pads shown in 
center hold drier to proper level. 

Straight or near straight close-over surfaces are 
given 14.5-in. clearance. This also can be seen just 
to the right of the bridge wall opening on the last 
cavity to the left. 

These driers are normalized at 700 F for 2 hr which 
eliminates 90 per cent of the growth and removes all 
strains. 

On present day core blowers designed to handle 
boxes of this type production speed of 500 blows 
per hour have become possible. This means that the 
operator is placing a drier on the box half every 8 
seconds. 

When rolling the box over at this speed if the core 
is not supported properly by the drier a great amount 
of core scrap would result. 


Pin Corebox and Driers 


Figure 5 shows this same practice used on a simple 
pin core of approximately 34-in. diameter. Here 
again only enough clearance is given on the side sup- 
port of the cavity to allow the core to be removed 
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readily from the drier without sticking. 
Figure 5 also shows how the supporting surface of 
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the drier stops approximately 14 in. away from the 
parting of the box and the drier is supported by pad 
of the same height which rest on the parting. 


Summary 


1. A casting can be made no more accurate thai 
the pattern or impression die from which it is made 

2. Pattern accuracy must progress in direct pro 
portion to machine and tool development. 

3. Qualified castings can only be made with quali 
fied pattern equipment. 

4. To avoid confusion in pattern buying, this type 
of equipment should be called “impression dies.” 











INFLUENCE OF SPECIMEN TUBE LOADING 


AND RIDDLE SIZE ON MOLDING SAND TEST RESULTS 


In an effort to eliminate discrepancies in testing 
procedures between foundry laboratories throughout 
the country, the authors investigated various methods 
of test tube loading and riddling sands through vari- 
ous sized riddles to determiné their influence upon 
molding sand test results. Thirteen foundry sands 
were used in the collection of data and every effort 
was made to achieve consistency in the sand testing 
procedure. 

Preparation of Sand Samples 


The sand mixtures, six natural and seven synthetic, 
were taken from previous experimentation by Sanders 
and Sigerfoos.t+ Each mixture was carefully dupli- 
cated in composition, clay, and moisture content. A 
36-in. muller-type mixer was used throughout the ex- 
periment. The muller was carefully scraped and 
cleaned of old sand before a new mixture was mulled. 
In each case the new mixture was mulled dry for 3 min 
or 135 revolutions, moisture added, and the mixture 
mulled an additional 5 min or 225 revolutions. The 
batch of muller sand was emptied into a large con- 
tainer and then screened directly into three small 
containers. Each container was sealed and labeled 
according to the mesh size of the riddle used. The con- 
tainers remained sealed until actual testing time. All 
tests were conducted in the Michigan State College 
sand laboratory and standard A.F.S. sand testing pro- 
cedures were used. 

Moisture Determination 


Since error in moisture computation could not be 
tolerated, care was exercised in making the moisture 
tests. The containers were systematically sampled and 
50-gram weights of sand were oven dried for | hr at 
225 F. 

The percentage of moisture in the sand as listed in 
Table | is an average of three moisture checks of each 
mixture. 


* Albion Malleable Iron Co., Albion, Mich. 
** U. S. Navy Dept., Bureau of Ships, Washington, D. C. 
The opinions expressed in the paper are those of the authors 
and do not necessarily reflect the opinions of the Navy Dept. 
+C. A. Sanders and C. C. Sigerfoos, “Gray Iron Shrinkage 
Related to Molding Sand Conditions,” AMERICAN FOUNDRYMAN, 
Feb. 1951, pp. 49-55. 
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D. I. Huizenga* and K. E. Spray** 


In compiling test data, alternate test specimens were 
followed completely through the testing procedure by 
the individuals involved. This provided a check on 
laboratory technique and gave each individual a 
thorough understanding of the problems involved in 
making the series of tests. 


Specimen Tube Loading 


In an effort to determine the effect of the method 
used in loading the specimen tube various techniques 
were employed. Sand was gently introduced, thrown 
in, and put in with the aid of a copper funnel. These 
various methods produced no apparent discrepancies 
and it was assumed the actual ramming evened out 
any differences which might have occurred during the 
varoius types of loading. 


Errors Due to Test Equipment 


Considerable difhculty and delay was experienced 
in getting consistent results while using the equip- 
ment in the laboratory. As a result of careful exam- 


TABLE I1—MixtTures TESTED 





Natural Sands 


1. 50 Ib Mississippi Red 2. 50 Ib Non-Ferrous Natural 
(DY-1) Bond 
5.8%, Water 7.3%, Water 
8. 50 lb Gallia Red No. 3 1. 50 Ib Albany No. 2 
7.8%, Water 2.6%, Water 
5. 50 1b Albany No, 2 6. 50 1b Albany No. 2 
4.0% Water 6.9°%, Water 
7. 50 Ib Albany No. 2 ° 


8.29, Water 
Synthetic Sands 


8. 48 lb Michigan City 9. 2214 |b Michigan City 
2 lb Western Bentonite 221% lb Juanita Bank 
15°, Water 5 Ib Fireclay 

2.2%, Water 
10. 2214 Ib Michigan City 11. 2214 Ib Michigan City 
221% Ib Juanita Bank 221% Ib Juanita Bank 
5 Ib Fireclay 5 Ib Fireclay 
2.7% Water 3.7% Water 
12. 24 Ib Michigan City 13. 25 1b Michigan City 
24 Ib Juanita Bank 25 Ib Juanita Bank 
2 Ib Southern Bentonite 2 Ib Southern Bentonite 
2.0°, Water 24° Water 


Note: Percentage of water as given is actual percentage used. 
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ination the specimen tube in use was found to be 
defective and was replaced by a new tube. After fur- 
ther examination, the stripping pedestal was found 
to be slightly worn and immediate corrections were 
made. This eliminated the main source of variables 
in the testing equipment. Thereafter, test data were 
more consistent. Considerable data were discarded at 
this point to eliminate any deviations due to new 
equipment. With the exception of the moisture de- 
termination, each sand property recorded in Table 2 
represents an average of ten tests. 

After all testing was completed the results were 
tabulated and the variations were noted in the aver- 
ages for the three screen sizes (Table 2). By visual 
examination, differences were noted in the averages of 
the tests run for each of the riddle sizes. Further 
proof of these differences was obtained by statistical 
examination and in most cases significant differences 
were found. In this connection the Michigan State 
College Mathematics Department* furnished the 


c 


TABLE 2—AVERAGE PROPERTIES OF SANDS TESTED 





Screen Weight, 


Size, grams / Mold Green Mois- 
openings stand. Permea- Hard- Comp. Str., ture, 
per in. specimen bility ness psi % 
a 2 160 20.3 88.3 26.6 
1 4 158 21.5 87.2 29.1 5.8 
8 156 23.7 87.0 26.0 
2 175 8.5 79.8 9.63 
2 4 170.7 9.5 80.6 9.84 7.3 
8 167 9.5 82.1 10.26 
2 172 42.9 89.5 29.3 
3 i 170 44.6 88.9 35.3 7.8 
167 45.1 88.2 33.95 
2 170 1.05 89.2 14.9 
4 4 169 l. 89.2 14.7 2.6 
8 168 a 88.8 14.2 
2 170 1.7 86.1 14.5 
5 4 169 1.45 85.7 14.3 4.0 
8 168 1.55 85.7 14.1 
2 170.9 10.2 84.8 14.6 
6 4 171 10.5 84.7 14.2 6.9 
8 168 11.05 84.2 13.5 
2 178.2 25 83.9 11.13 
7 $ 178 2.6 81.9 10.95 8.2 
8 177 2.75 80.6 10.27 
2 164.7 246. 74.6 4.70 
8 4 162.8 251.5 74.95 4.69 4.5 
8 163.2 251.5 74.45 4.29 
2 176 60.4 89.7 13.57 
9 4 175.2 59.8 89.9 13.48 2.2 
§ 175 57.9 90.1 13.73 
2 173.1 78. 86.8 11.2 
10 t 174 81.7 86.4 11.74 2.7 
8 174 81.0 87. 11.87 
2 174 88.2 80.4 7.43 
l! 4 173.2 90.7 79.3 6.96 3.7 
8 173 91.7 78.8 6.89 
2 159.6 120. 84. 9.26 
12 i 158.1 120. 83.2 9.28 2.0 
8 158 120. 84.6 9.32 
2 160.4 110.3 84.4 10.16 
13 4 160 110.4 84.1 9.97 2.4 
8 160 110.5 83.5 9.64 


* Mixture No. 
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ANALYSIS OF VARIANCE OF PROPERTY MEASUREMENTS 
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is proven. This factor proves that in the present investigation 
the differences were due to the riddling of the sands. 





authors with statistical formulas and verified the re- 
sults noted. 


Conclusions 


1. The method employed in loading the test tube 
had a negligible effect on test results. 

2. It was noted that differences in test results of 
the sands were a direct result of the riddling of the 
sands through No. 2, No. 4, and No. 8 riddles. All 
properties of the sands showed some degree of var- 
iation. The weight of a standard sample tends to 
decrease and the permeability tends to increase as 
the screen openings per linear inch increase. No 
definite trends were observed for mold hardness 
and green compression strength. By statistical formu- 
las it was proven that these differences were not due 


* The authors wish to express sincere appreciation to Dr. 
W. D. Baten of the M.S.C. Mathematics Department and the 
Experimental Station for hit assistance anc aid it. statistical 
procedure. 
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to chance, but were a direct result of riddling the 
sands through screens prior to testing. 


Recommendations 


1. Sand testing equipment should be checked per- 
iodically for wear. Equipment should be repaired 
or discarded if wear is apparent. 

2. For consistency and accuracy, identical pro- 
cedures should be followed for each test. These pre- 
cautions should start with the collection of the sand 
sample and follow through on all testing procedures. 

3. For standardization of test results between vari- 
ous laboratories, it is recommended that the sample 
be mulled and riddled according to a standard operat- 
ing procedure. 

4. For shop tests, the laboratory sample should, 
in most cases, be tested by using the same handling 
techniques as those used in the shop procedure. 


DISCUSSION 


Chairman: H. J. Wittiams, New Jersey Silica Sand Co., Mill- 
ville, N. J. : 

Co-Chairman: STANTON WALKER, National Industrial Sand 
Assn., Washington, D. C. 

Recorder: D, C. WiLtiAMs, Ohio State University, Columbus. 

J. E. Huss:* Did you turn the specimen tube after filling and 
before ramming? 

Mr. Spray: No, we did not turn the tube. 

E. ZUPPANN:? When conducting some similar tests we found 
the mixture lost moisture content during riddling in the open. 
This was particularly evident when the bond and/or water con- 
tent was high. We found the best results were obtained when 
screening was executed through a funnel into a ciosed system. 

Mr. Spray: Our practice was to screen sand from one con- 
tainer to another without the use of a closed system. All our 
tests were performed the same way so that whatever change 
would take place would always be the same. 


1 Metallurgical Engineer, Lauhoff Grain Co., Danville, Ill. 
2 Foundry Engineer, Oliver Corp., South Bend, Ind 











® Statistical quality control is a technique of manage- 
ment which has been used successfully in many dif- 
ferent types of industries. The Society of Quality 
Control Engineers has active chapters in most indus- 
trial centers. The purpose of this paper is to describe 
the application of quality control in a jobbing found- 
ry. Our steel foundry produces castings from one 
pound to five tons in weight. Carbon, alloy, and man- 
ganese steels are poured. There are no long production 
runs; most casting orders range from one to six pieces. 


Metal Quality 

The first step in the program was to post all chemi- 
cal tests, physical tests, melting times, and down times 
on charts (Fig. 4). This enabled the melters to study 
the results of their efforts. The second step was to 
initiate standard statistical quality control charts for 
physical test results and some chemical tests (Fig. 2 
and 3). This enabled the metallurgist to detect “‘assign- 
able causes” of variation. 

(An explanation of this term seems necessary at this 
point. If a graph is drawn of a test value, carbon con- 
tent of mild steel for example, there will be shown a 


* Chief Metallurgist, William Kennedy & Sons Ltd., Owen 
Sound, Ontario, Canada. 
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Fig. 1 . . . Scoreboard at the electric 
furnaces. Each melter is rated accord- 
ing to the percentage of perfect heats 
made. Naturally, he is anxious to 
maintain his record at as high a level 
as possible. Relative standings lend 
a competitive air to routine work. 
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QUALITY CONTROL PROGRAM FOR 
A STEEL JOBBING FOUNDRY 


H. H. Fairfield* 









variation from heat to heat. A certain amount of vari- 
ation is unpreventable; it is characteristic of the oper- 
ation. The melting foreman is anxious to detect any 
change in procedure. He may make the mistake of 
looking for trouble when the carbon is within normal 
limits, or he may fail to notice when carbon has ex- 
ceeded the normal variation. The function of the 
quality control chart is to determine mathematically 
the normal range of variation. When a test value ex- 
ceeds the normal range, it is assumed that an assign- 
able cause for variation exists. If a process is to be kept 
under control and steadily improved, it is necessary to 
investigate each time an assignable cause is detected. 
In the rest of this report the term “A.C.” will be used 
to indicate this type of investigation.) 

The third step was to post a scoreboard at the elec- 
tric furnaces (Fig. 1). Each melter was rated by the 
percentage of perfect heats made. Naturally, when the 
melters were charged with an A.C., they wanted to 
know the reason why the heat was off standard. There- 
fore the metallurgical lab had to investigate each A.C. 
and make a report on it. The quality control program 
greatly increased the amount of metallurgical work. 
However, the principle adopted was that we could not 
mark up an off heat against a melter if we could not 
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explain how or why it was off. An A.C. summary is 
shown in Table I. 


Assignable Causes 


ine most frequent A.C. was high or low carbon. The 
meiters pointed out that the lab was too long in com- 
pleting the carbon test, and that the metal changed 
while they were waiting for results. In order to over- 
come this difficulty, a 30-second test was developed 
which the melter could carry out.!. This enabled the 
melters to control carbons more accurately. 

The second most frequent A.C. was high or low 
manganese. As the melters acquired better control 
over the deoxidizing phase of melting, manganese con- 
trol improved. Since lack of manganese control re- 
sulted in erratic tensile strength, a rapid tensile 
strength test was developed.' This test is carried out 
by the melter. 

In 1948 and 1949, it was evident that the melters 
could not hold sulfurs within the range 0.10 to 0.15 
per cent consistently. This steel was made in a: basic 
furnace. One of the melters developed a method of 
handling the furnace slag in such a way that sulfurs 
were brought under control. 

Many heats having lowered ductility were found to 
have Type II inclusions.? A decrease in the amount 
of aluminum from 3 Ib to 2 Ib per ton seemed to 
eliminate this trouble. Seven low-ductility heats tested 
by the Canadian Bureau of Mines showed Type II 
inclusions and 0.25 to 0.35 per cent copper. It was 
assumed that non-ferrous metals in the scrap were 
responsible. 

Only a few cases of pinholes were satisfactorily 
solved. New ladles, green furnace spouts, and wet sand 


Table 1 ... Frequency of assignable causes are below. 


Assignable Causes June '48-May '49, June '49-Oct '51, 


per cent per cent 
High carbon 5.05 1.9 
Low carbon 4.00 1.12 
High manganese 5.30 0. 85 
Low manganese 3.50 0. 76 
Sulfur in free- 
cutting steel 4.00 0.32 
Type 2 inclusions 1.70 0. 06 
Pinholes 1. 65 0.17 
Chromium 1.25 0.53 
Unknown ee 0. 085 
Hydrogen flake 0.93 0.13 
Sulfur 0.71 0. 233 
Dirty steel 0.60 0.42 
Nickel 0.38 0. 042 
Phosphorus 0.33 0. 042 
Woody fracture 0. 165 0.042 















Fig. 2... Quality control chart for elongation of mild steel. 
Deviations from Table 2 are plotted here. 


were blamed. The incidence of pinholes has dropped 
from 1.65 to 0.17 per cent. This is probably due to the 
present practise of boiling every heat from 0.40-0.45 
per cent carbon down to 0.08-0.13 per cent carbon. 


Metal Quality Improvement 


The frequency of assignable causes has dropped from 
30 per cent to less than 7 per cent. It is hoped that 
further improvement can be made. The melting 
process. is not under control in the statistical sense; 
however, it is tending in that direction. In order to 
clearly define the role played by quality control in 
this project it is necessary to analyze the reasons for the 


Table 2 ... Mild steel elongation and tensile strength. 


Tensile strength, psi Elongation, per cent 


65, 000 32.3 
66, 000 32.0 
67, 000 31.6 
68, 000 31.3 
69, 000 31.0 
70, 000 30.6 
71,000 30.2 
72,000 29.9 
73,000 29.6 
74, 000 29.2 
75,000 28.9 
76, 000 28.4 
77,000 28.2 
78, 000 27.8 
79, 000 27.4 
80, 000 27.1 











Fig. 3... Quality control chart for pounds of steel castings 
found defective due to cracks in them. 


improvement in quality. These reasons are as follows: 

1. All test data were displayed so that melters and 
lab staff were fully informed on melting operations. 

2. Each melter was rated monthly according to the 
per cent of perfect heats made. This rating was posted 
on the wall. 

3. Melters did their best to get a good score. In order 
to improve their score, they called upon the metallur- 
gical department for information. 

4. Melting foremen obtained information pertain- 
ing to melting operations from a number of sources. 

5. Under the incentive supplied by the quality con- 
trol program, all of the people involved in the melting 


Table 3 .. . Shows fraction defective steel castings. 

Defect Fraction Normal limit pounds 
Defective of defective casting 

per month 

Planning errors . 00920 7700 

Pinholes . 00490 4640 

Cracks . 00260 1748 

Dirt . 00200 2268 

Misrun . 00170 1652 

Runout . 00115 1490 

Gas holes . 00089 1222 

Molding . 00076 1110 

Shrinks . 00062 843 

Bad metal . 00058 896 

Scabs . 00046 776 

Short pour . 00040 700 

Wrong metal - 00010 320 

Burned cores . 00008 246 


Note: Normal limits based on 300 tons per month. 
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Fig. 4... Charts of chemical and physical tests are shown 
here. Similar charts give melting and down times. 


operation learned more about the work and did their 
jobs more efficiently. 

Since the production runs here are short, it is not 
possible to set up charts for individual castings. A 
monthly summary of scrap castings is compiled. Data 
are recorded as in Table 3 and Fig. 2 and 3. When 
normal ranges are exceeded, corrections are applied. 

Quality control methods have not yet been applied 
to sand control. Some 12 different sand mixtures are 
prepared daily. This does not mean that 12 separate 
charts would have to be plotted for quality control 
purposes. Deviation charts could be used. On the 
moisture chart, for example, the moisture tests for 
all mixes would be recorded in terms of deviation 
from standard. This would show the degree of con- 
trol exercised by the mixer. 

As the castings are poured, the weights are recorded. 
Since the selling value of each casting is known, it is 
possible to determine the hours of labor required per 
$1,000 worth of castings. Charts are maintained and 
a bulletin posted, showing the man-hours worked per 
unit of product in each foundry department. The 
cleaning room is rated according to the value of prod- 
uct shipped. Each foreman therefore knows from 
week to week his production and efficiency score. 

Quality control charts are an excellent medium by 
means of which workers and management can be made 
acquainted with factual information concerning manu- 
facturing operations. When a worker finds his own 
personal performance charted on a graph or listed in 
a bulletin, he is nearly always motivated to improve 
his work. Most men are proud of doing a good job, 
and the control chart enables a man to check his work. 

Posting up quality control charts throws extra work 
on the management. Foremen are called upon to cor- 
rect conditions which prevent the worker from at- 
taining optimum efficiency. Foremen in turn call 
upon higher management to improve working facilities. 
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CUTTING WITH ULTRA-HIGH PURITY OXYGEN 


E. H. Roper* and J. F. Kiernan** 


ABSTRACT 


Experiments were made to determine effects of oxygen puri- 
ties between 99.0 and 99.83 per cent on cutting and starting of 
cuts on steel plate, billets, and cast steel sections. Contrary to 
earlier investigations, some of which showed rapidly increasing 
efficiencies and others which showed a leveling off of the in- 
crease of efficiency as the purity increased, these studies show 
a straight line relation between oxygen purity and cutting ef- 
ficiency for the region explored. In general, the rate of gain 
between 99.0 and 99.83 per cent is about 2 per cent increase 
in speed for each 0.1 per cent increase in purity. Starting 
times were independent of purity in the ranges tested. As be- 
tween rolled and cast material there was no significant dif- 
ference except as regards difficulty of measurement. Almost 
1400 cuts and starts were made. 

A commercial size oxygen plant was run to determine the 
trend of expense of producing higher than 99.5 per cent pure 
oxygen and a study was made of the reliability of oxygen 
purity tests. 

The conclusion was reached that the small gains, increased 
cost, and analytical difficulties attendant to the production and 
use of oxygen approaching 100 per cent purity prevent its being 
a feasible commercial product for oxygen cutting in the present 
state of development. 


Although the study of the effects of oxygen purity 
on the oxygen cutting process and its economics has 
been going on for some time, the region of purity 
between 99.5 and 100 per cent has been largely one 
of speculation. The work reported on in this paper 
was undertaken to provide some data in that region 
concerning the possibilities and costs of providing 
and using oxygen with a guaranteed purity higher 
than the present standard 99.5 per cent pure product. 


Historical Background 


It is commonly accepted that the first man to use 
oxygen for the cutting of steel was Thomas Fletcher 
of Warrington, England. At the time, 1888, there 
was much interest in the production and use of oxy- 
gen. Fletcher was an indefatigable researcher in this 
field, but nowhere in his papers or in similar papers 
of that period have the authors been able to find any 
allusion to the purity of the oxygen then available. 





* Air Reduction Sales Co., A Division of Air Reduction Co., 
Inc., and ** Air Reduction Laboratories, Air Reduction Co., 
Inc., New York. 
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In 1890, Dr. L. T. Thorne in a paper? read before 
the Society of Chemical Industry in Liverpool, Eng- 
land, reviewed the methods and the already exten- 
sive patent literature on oxygen production. He 
mentioned over fifty patents covering four different 
basic methods of getting this useful gas. It is sig- 
nificant that only a miniscule percentage of the oxy- 
gen produced in the world today is by any of the 
methods mentioned by Dr. Thorne. 

For his work in combustion, Fletcher used oxygen 
made by Brin’s process and it is reasonable to as- 
sume that the same process was used to make the 
oxygen used in his oxygen lance. Briefly, the Brin 
process consisted of maintaining barium oxide in a 
retort at about 700 F and subjecting it to air at 
about 10 psi gauge. Under such circumstances a 
peroxide was formed, which decomposed to the oxide 
and oxygen when the pressure was reduced to 13 to 
14 psi below the atmosphere. A system of pumps, 
cocks, and purge valves reversed the cycle every 15 
min. Depending on nitrogen entrainment and leak- 
age, oxygen of around 93 to 95 per cent purity 
could be obtained and this is probably what Fletcher 
used. 

In 1911 Tucker delivered a paper showing the re- 
sults* of oxygen cutting experiments using oxygen of 
different purities. He was prompted to undertake 
this work because the oxygen then available varied 
in purity from 92.0 to 99.7 per cent and there was 
noticed some variation in cutting efficiency as the 
purity of the oxygen varied. So well did Tucker do 
his work that, in general, subsequent experiments 
have merely proved the soundness of his overall con- 
clusions. 

In the 41 years since Tucker delivered his paper 
many investigators have studied the effect of oxygen 
purity on various phases of the cutting process. Since 
their techniques varied, it is hard to make exact com- 
parison of the results. However, if the results are 
reduced to as near a common basis as possible, you 
get a relationship similar to that in Fig. 1. This 
chart teaches that the greatest gains are to be made 
in the region from 98 per cent purity upwards. That 
area has been intensively explored by many, with 
some investigators showing that the low of diminish- 
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Fig. 1—Approximate comparison of investigations of the 
effects of oxygen purity on cutting. (From “Oxygen Cut- 
ting,” Slottman and Roper). 


ing returns sets in as we aproach 100 per cent purity, 
while others felt that small increases in purity give 
increasing large gains.* Up to now, there has been 
little careful investigation beyond 99.5 per cent 
purity. 

Analysis of the Problem 


At first glance it appears odd that, with oxygen 
generally available with purities guaranteed within 
close tolerances to be 99.5 per cent there has not been 
exploration in the region from 99.5 to 100 per cent. 
There are however, several things which are respon- 
sible, all of which result in certain current prac- 
tices of oxygen production and use. 

First, there is the lack of a ready means suitable 
for plant use to determine quickly and with the de- 
sired accuracy the purity of a given sample of very 
pure oxygen. The standard instrument used today 
is the Hempel absorption apparatus in which the 
oxygen in the sample is absorbed in a flask contain 
ing copper wire in an ammoniacal solution of cup- 
rous chloride. That portion of the sample not ab- 
sorbed is transferred to a burette, measured, and 
called the impurity. Among analysts those methods 
of gas analysis employing aqueous solutions are not 
rated in accuracy closer than +0.05 per cent. If the 
percentage of oxygen in our samples were small, 
this would be a satisfactory accuracy, but as we ap- 
proach 100 per cent oxygen in the sample, it is in- 
adequate. An accurate method of testing purity an- 
other way, namely, by absorbing the small amount of 
impurity would be ideal, but there does not seem to 
be any such method which is sufficiently fast and 
simple. Research into this problem is continuous, 
and we hope ultimately to have a better method. 

Meanwhile, a producer of oxygen who wishes to 
sell a 99.5 per cent pure product gets along with the 
Hempel type equipment. Since the testing instru- 
ment may be in error by +0.05 per cent and since 
no oxygen producing equipment runs at a constant 
purity hour after hour, the average user will get in- 
dustrial oxygen varying in purity from 99.5 to 99.8 
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per cent. The 0.5 per cent between 99.5 and 100 per 
cent is a range in which the producer of the gas can 
operate without delivering a product below specifica- 
tion. However, if an effort is made to supply 99.8 pei 
cent pure gas this margin for operating variations is 
reduced to 0.2 per cent, only two-fifths of that avail- 
able when working at the lower purity. In order fon 
a user to build his cutting practices around oxygen 
99.8 per cent pure, he would have to be assured of 
setting that grade day in and day out, otherwise his 
operators would reduce their cutting techniques to a 
point where they would not lose their cuts or have 
other troubles. Their practice would soon be based 
on the lowest purity they were likely to get. Should 
the purity of the oxygen coming into a shop drop 
and there be spoiled work due to lost or ragged cuts. 
the operators would quickly reduce their cutting 
speeds or increase their oxygen flows to insure against 
further difficulty. 

A second factor that has held back exploitation of 
oxygen over 99.5 per cent pure is the difficulty of de 
termining with significant accuracy the practical ef- 
fects of purities higher than this. A host of variables 
haunt the experimenter. If he is to achieve reproduc- 
ible results, he must hold all factors but one con- 
stant while that remaining one is varied according to 
a plan. Some of items to be controlled are: 


The purity of the oxygen 

The uniformity of the fuel gas 

Temperature of the oxygen and fuel gas 

Flows of all gases (cutting oxygen, preheat oxygen 
and fuel gas) 

Diameter of cutting oxygen stream 

Cleanliness of all orifices in the tip 

Temperature of the workpiece 

Barometric pressure 

Atmospheric temperature 

Temperature of the workpiece 

Design of the cutting tip 

Height of tip from work 

Angularity of torch to the work 

Composition of the workpiece 

Air movement in the cutting area 

Speed of cutting 

Surface condition of workpiece (top and bottom) 


Some of the items to be considered in evaluating the 
results are: 


Quality of the cut surface 

Depth and regularity of drag lines 
Slope of drag lines 

Squareness of cut face 

Flatness of cut face 

Meltdown of top edge 

Slag adherance on bottom edge. 


In view of the above, it is small wonder that the 
cutting procedures recommended by makers of oxy- 
acetylene cutting equipment and machines carry a 
notation to the effect that the procedures are ap- 
proximate only; or that the effects of small differ- 
ences in puriy have been so much debated in the 
literature. 

Finally to be considered are the costs of producing 
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Taste 1—TABULATION OF DUPLICATE ANALYSES OF OXYGEN, °% 











Modified 

Cylinder No. Hempel 

Orsat Pipette 

693794 99.72-99.71 99.75-99.75-99.75 
693811 99.80-99.82 99.77-99.78 
693774 99.78-99.80 99.80-99.80 
693776 99.81-99.83 99.80-99.79 
693773 99.78-99.78 99.79-99.80 
693777 99.80-99.85 99.78-99.80 
693782 99.85-99.81 99.80-99.80 
693793 99.83-99.84 99.79-99.78 
693775 99.85-99.85 99.79-99.80 
693827 99.69-99.65 99.79-99.78 
693798 99.78-99.79 99.79-99.78 
693816 99.80-99.83 99.79-99.80 
693778 99.80-99.78 99.80-99.80 
693771 99.81-99.79 99.75-99.78 
693792 99.78-99.78 99.78-99.77 
693788 99.79-99.79 99.74-99.73 
693810 99.82-99.80 99.76-99.75 
693808 99.85-99.84 99.75-99.75 
693797 99.79-99.82 99.78-99.77 
693791 99.78-99.79 99.76-99.76 

Orsat = used Ammoniacal—Cuprous Chloride followed by 


Hempel used Ammoniacal—Cuprous Chloride only 


Develop- 
. ment 

Plant Division 

Hempel Hempel 
99.82-99.82 99.80-99.81 
99.80-99.82 99.79-99.78 
99.80-99.80 99.79-99.80 
99.82-99.82 99.81 -99.80 
99.80-99.80 99.81 -99.83 
99.82-99.82 99.82-99.80 
99.82-99.82 99.80-99.81 
99.82-99.82 99.80-99.82 
99.82-99.83 99.76-99.78 
99.82-99.82 99.79-99.80 
99.80-99.80 99.79-99.81 
99.81-99.82 99.81 -99.83 
99.82-99.82 99.82-99.83 
99.82-99.82 99.75-99.79 
99.81 -99.82 99.84-99.88 
99.82-99.82 99.78-99.82 
99.80-99.81 99.81 -99.83 
99.81 -99.82 99.83-99.84 
99.82-99.82 99.80-99.82 
99.80-99.82 99.81 -99.82 
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a gas of a guaranteed purity higher than 99.5 per 
cent. Production rates would be somewhat lowered 
and gas analysis would be critical as well as debatable, 
so, since the anticipated gains to the user at that 
time seemed probably small, the oxygen industry 
settled on the 99.5 per cent pure gas as their stand- 
ard. Higher purities are available in small quantities 
for research laboratory use and large quantities of 
lower purity (about 90 to 95 per cent so called, ton- 
nage oxygen) are made, but in this paper we shall 
consider the 99.5 per cent grade normally used in 
the United States for welding and cutting purposes. 


Experimental Procedure 


Oxygen Testing and Supply—Basic to any cutting 
study of this sort are supplies of oxygen of reliable 
known purities. As can be realized from the dis- 
cussion of purity measurements, this is not an easy 
task. Securing a supply of gas of definite purity was 
solved in one case by asking a plant to make up to 20 
cylinders as near 99.8 per cent as possible. The gas in 
each cylinder was then analyzed in two different loca- 
tions, by three separate groups of men using a total 
of four methods. The methods and range of results 
on each cylinder are listed in Table 1. In addition, 
one cylinder was tested by an outside laboratory. If 
we take the average of all the results on this cylinder 
as correct, we get a figure of 99.82 per cent and the 
deviation of each of the methods is as follows: 


Plant Hempel 0.00 
Research Division Hempel —0.04 
Development Division Hempel +0.04 
Research Division Orsat —0.04 
Outside Laboratory +0.01 


To obtain the lower purities of gases for the cut- 
ting tests small amounts of argon were added, and 
the cylinders rolled on the floor and tested until ad- 
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TABLE 2—OxyYGEN ANALYSIS 





Cylinder No. % Oxygen 


693827 99.01, 99.02 
693771 99.15, 99.11 
693808 99.30, 99.32 
693788 99.34, 99.34 
693798 99.42, 99.41 
693816 99.53, 99.51 
693777 99.53, 99.55 
693794 99.73, 99.71 
693776 99.73, —— 





ditional rolling showed no change in the results. The 
analysis of these cylinders are given in Table 2. Oxy- 
gen for the cutting of the keel blocks mentioned 
later in the paper was obtained by filling a trailer 
with the highest purity oxygen a new and modern 
column would produce and then testing it as it was 
discharged. At the same time, cylinders were filled 
and later diluted by the methods just described. 
While commercial oxygen is normally guaranteed to 
meet a specified purity within +0.1 per cent, it is 
felt that the care used when analyzing the gas used 
to conduct the experiments described in this paper 
warrants considering the purities as being within 
+0.05 per cent. If there are other errors, they are 
constant ones and their effects on the results would 
be uniform. 

Cutting 34-in. Plate—Approximately 380 cuts 12 in. 
long were made in 34-in. plate to determine the re- 
lationships between orifice diameter, cutting speed, 
oxygen purity and cutting oxygen flows. In these 
tests, tips with cutting oxygen orifices of 0.0465 in. 
(Size No. 1), 0.055 in. (Size No. 2), and 0.0635 in. 
(Size No. 3) diameter were employed. For all tips 
and cutting oxygen flows, preheat acetylene was 
maintained at 14 cfh with neutral flames. The same 
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TasBLe 3—ANALYsIS OF 34-IN. PLATE UseD For TEST 





Element Fire Box Quality Steel Hot Rolled Steel 





Carbon 0.186 0.22 
Sulphur 0.026 0.052 
Manganese 0.589 0.446 
Phosphorus 0.014 0.043 
Silicon 0.16 = 
Aluminum 0.02 — 
Iron Balance Balance 





purity of gas was used for both cutting and preheat 
with all flows measured by calibrated direct reading 
rotameters. 

All cutting was done by mounting the torch in a 
machine to insure constant speed, straight line cut- 
ting, and a constant distance from tip to work (1345 
in. in all tests). Torch and workpiece were checked 
for squareness in two planes. The workpiece was 
supported on both sides of the cut so that the drop- 
ping of the cut piece would not effect the determina- 
tion. Speed of cutting was calculated by measuring 
electrically (to within 49 ths of a second) the time 
for the machine to travel a mechanically fixed dis- 
tance. All steel was sand blasted or wire brushed to 
remove surface effects and the “end of cut” edge 
carefully squared. Analyses are in the Appendix. 
Barometric pressures and gas flowing temperatures 
were measured and used to correct readings. 

Actual test procedure was to set all conditions as 
desired except for speed and then to make cuts at 
varying speeds until a maximum was found at which 
complete severance of the final corner of the cut 
could just be made. 

4-in. Plate—Sixty-four cuts, 4 in. long, were made 
in 4-in. square steel bars of the analysis shown in 
Table 4 using largely the same procedure as for 34- 
in. material. However, determinations were made 
using only 99.5 and 99.8 per cent pure oxygen, 
whereas 99.0, 99.32, 99.49, and 99.80 per cent were 
used on 34-in. material. Prior to cutting, all steel 
was washed with carbon tetrachloride and rubbed 
down with steel wool. 

An 0.082-in. cutting oxygen orifice tip was employed 
during the study. The cutting oxygen flow was 
maintained constant at 360 cfh; the acetylene flow 
was held constant at 23 cfh with the flames adjusted 
to neutral. The cutting oxygen orifice was cleaned 
prior to each cut. The material on both sides of the 
cut was fully supported in order that the weight of 
the dropping piece would not influence the drop cut 
speed determination. The torch and workpiece was 
frequently checked by means of a square and a 
bubble level. 

The general method for isolating the drop cut 


TABLE 4—ANALYsIS OF 4-IN, SQUARE Bar 
UsEp For TEST 








Element Content, % 
Carbon 0.177 
Manganese 0.89 
Phosphorus 0.016 
Sulphur 0.023 
Iron Balance 
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speed determination was to make cuts in a selected 
speed bracket, and by successive increments of speed 
increases and decreases narrow the speed range to 
where a drop cut could just be made. In order to 
minimize any effects upon the cutting speed that may 
have resulted from non-uniformity of the steel, th« 
final determinations for both purities were made by 
alternate switching of the two purities and making 
several cuts with each purity. During the purity 
switching operations, the gas systems were subjected 
to a triple purging operation to insure against pos 
sible dilution. 

Starts—Although it was felt desirable to do some 
hand cutting using oxygen of different purities, the 
practical impossibility of reducing the variables so 
as to get meaningful results was recognized. In any 
hand cutting of bars, rounds, risers, etc., the start is 
important. Hence, 716 tests were made using a mech 
anized arrangement as shown in Fig. 2 to determine 





Fig. 2—Arrangement of apparatus for oxygen purity 
starting tests. 


the effects of oxygen purity on the time needed to 
make a piercing start. In this work, oxygen of 99.3, 
99.5, and 99.8 per cent purities was employed. The 
investigation was conducted on a number of 2-ft long 
bars of 4 in. square cold rolled steel (for steel analy- 
sis, see Table 4), the surfaces of which were cleaned 
by rubbing with steel wool and carbon tetrachloride. 
Starts were attempted at a minimum distance of | 
in. from all edges in order to insure that massive 
steel was being acted upon at all times. The steel 
specimens were mounted on a fixed cutting base, 
and the special torch and torch holder fixture were 
attended above it. The mounting base and torch 
holder fixture were permanently located with respect 
to each other, thus insuring a fixed relationship be- 
tween the cutting tip and work specimen throughout 
the investigation. 

An 0.082-in. orifice cutting tip was employed with 
constant operating conditions of a cutting oxygen 
flow of 360 cfh, an acetylene flow of 44 cfh (flames 
adjusted to neutral), and an operating height of 134, 
in. (tip face to work). The conditions were selected 
as representative of those that would normally be em- 
ployed in the cutting of 4-in. cast steel. All gas 
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ftows were measured by means of direct reading rota- 
meters. 

Control of all gases was exerted by use of electric- 
ally operated solenoid valves located in close prox- 
imity of the torch head. These valves were automatic- 
ally controlled by an electrically operated starting 
time measurer which will measure intervals as small 
as 0.01 sec. 

The operating sequence was as follows: Closure of 
the main control switch energized the timers and the 
preheat gas solenoid valves; a pilot flame at the tip 
immediately ignited the preheat flames. At the end 
of the preset duration, the timers energized the cut- 
ting oxygen solenoid valve; the action of the timers 
at this phase having no effect on the solenoids con- 
trolling the preheat flames which continued burning 
while the cutting oxygen was flowing. 

After the, cutting oxygen had flowed for a suffi- 
cient time to ascertain the ability to develop a start, 
the main control switch was opened and all circuits 
were de-energized, thus resulting in the closure of 
all gas lines. 

The action of the starting time device was such 
that preheating time interval and the application of 
the cutting oxygen were automatically controlled and 
that preheating time intervals were precisely re- 
corded. It was observed that as the preheating gases 
were ignited, a short period of time elapsed during 
which the flame characteristics were slightly carbur- 
izing prior to changing to neutral; but inasmuch as 
the physical operating conditions of the system re- 
mained constant throughout the investigations, this 
short time interval also remained constant, thus hav- 
ing no effect upon the relativity between tests. 

Cast Steel—Since it was realized that any significant 
results on cast steel would depend largely on the use 
of uniform materials, special .efforts were made in 
that direction. We were fortunate in obtaining a 
number of keel blocks of Grade “B” steel (carbon 
0.27, manganese 0.70, silicon 0.45, phosphorus 0.028, 
and sulphur 0.042). These were prepared in a lead- 
ing foundry under the direction of personnel who 
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Fig. 3—Preparation of cast keel blocks for cutting. 
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appreciated the problem and were delivered in the 
as-cast condition after a thorough sand blasting. In 
order to end each cut on a surface that would be uni- 
form, each block was prepared as in Fig. 3, permitting 
about a 5-in. cut ending on a machined surface and 
six cuts from each block. 





#e 





Fig. 4—Arrangement of apparatus employed during 
cutting studies. 


Much the same set-up as used for the 3/-in. plate 
was used for cutting the cast material. Figure 4 shows 
the general arrangement of apparatus. A heavy pre- 
heat tip using No. 2 (0.055-in. diam) cutting orifices 
was employed with the following conditions remain- 
ing constant throughout: 145 cfh cutting oxygen 
flow, 14 cfh acetylene flow (preheat flames neutral), 
and 134,-in. operating height. Cognizance was tak- 
en of the other factors that might affect the results 
and the usual frequent checks made in alignment of 
the apparatus, support of the work, etc. 

While it was hoped that the same criteria could 
be used as when cutting the wrought material, it 
soon became apparent that it would be impossible to 
“pin-point” with the same accuracy the maximum 
drop-cut speeds when using the different oxygen puri- 
ties of 99.83 per cent, 99.58 per cent and 99.47 per 
cent which were available for the cast steel series of 
tests. When cutting, variations in results developed 
due to any or several of the following: 

1. Irregularities in the as-cast skin of the castings. 

2. Presence of non-oxidizable inclusions, porosity, 

and segregations. 

3. Variations in the cross-sectional dimensions. 

Under normal conditions of production, cutting 
these factors would not have been noticed, since their 
magnitudes were small, but for this precise test pro- 
gram they were very significant. 

Hence, the testing procedure had to be modified 
so as to make the basis for comparison of various 
oxygen purities the maximum speed ranges at which 
a given consistency (65 per cent) of drop cuts could 
be obtained. | 

Cutting and Starting Tests on Rolled Steel 


Since our recommended procedure for cutting 34- 
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Fig. 5—Determination of best size of tip, using 99.8 pct 
purity oxygen. 99.80% Purity—100 cfh; Acet. — 14 cth; 
Flame neutral; 3/4-in. steel plate. 


in. plate using 99.5 per cent oxygen calls for a No. 2 
tip using 100 cfh, one set of determinations was 
used to establish the correct tip size for 99.8 per 
cent pure gas. Figure 5 shows the No. 2 size tip best. 
In Figure 6 are shown the plotted results on 34-in. 
plate. Point A represents normal recommended op- 
erating procedure for this material. It is only neces- 
sary to accept a 214 per cent variation in the results 
to draw a straight line through the purity-speed read- 
ing for any gas tested. Non-homogeneity of the 
material, variations in the speed of the torch car- 
riage and the expected errors in oxygen analysis can 
easily account for a 214 per cent variation in results. 
Increase of speed due to increases in purity are: 
% Speed Increase 


% Speed Increase % Speed Increase 
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FIG.7 EFFECT OF OXYGEN PURITY ON STARTING TIME 


Fig. 7—Effect of oxygen purity on starting time. 


For the cutting in 4-in. material results were as 
follows: 
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FIG.6 EFFECT OF OXYGEN PURITY ON SPEED OF CUTTING 9% STEEL PLATE 
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as-cast skin were noted in 58 other cuts. Hence al- 
most one-third of the cuts might be excluded from 
any discussion of the results. However, we have in- 
cluded them, since they are about evenly distributed 
among the three oxygen purities used. It was ob- 
served during this cutting program that the degree 
of preheating was yery important. Those working on 
the project felt that higher preheats and reduced 
speed employing any purity of oxygen used in these 
tests would have eliminated all lost cuts. 

Some typical cut surfaces when the steel was clean 
are shown in Fig. 8. All were cut at speeds within 
the maximum speed range for the purity involved 
and in general the quality is uniform. How the skin 
condition affects quality is readily noticeable. In 
Fig. 9 are illustrated the effects of inclusions in the 
steel and it will be noted that the gouges are attri- 
butable to conditions in the skin, either at the lower 
or upper edges of the cut. 

The results of ail cuts on cast steel including those 
lost regardless of the reason are shown in Fig. 10. 
The points on the left represent the first tests made. 
As the experimenters became more familiar with 
how the material would react at each purity, they 
were able to narrow the speed ranges. Even so, the 
final selection plotted in Fig. 11 represents a con- 
sistency of 65 per cent drop cuts for each speed 
range. The manner of plotting the data is given in 
the Appendix. 

For Fig. 11 there might be justification for draw- 
ing a curve between the three points, which would 
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FIG.10 RESULTS OF ALL CUTTING TESTS ON CAST STEEL 
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Fig. 10—Results of all cutting tests on cast steel. 
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Fig. 11—Effect of oxygen purity on speed of cutting 

cast steel. Style 164 No. 2 tip (.055) orifice; cutting oxy- 

gen flow, 145 cth; acetylene flow, 14 cfh; preheat flames 
neutral; 1%, ,-in. thick cast steel keel blocks. 


tend to show a diminishing rate of improvement with 
higher purities of oxygen. However, in view of the 
straight line relation developed on wrought material 
and the large experimental variations that resulted 
from the work on cast steel we believe a similar 
straight line is more realistic. The average improve- 
ment in speed when using 99.80 per cent oxygen over 
99.50 per cent is then 10.8 per cent with a probable 
variation of +2.5 per cent. 


Effect of Purity on Cost of Oxygen 

As is the case in the production of many other 
industrial materials, higher oxygen purity means 
greater cost and decreased output of the producing 
machinery. Each increase in purity becomes increas- 
ingly hard to get as we approach a 100 per cent pure 
product. While there may be variations between 
plants, our experience indicates that invariably a 
product of a guaranteed purity higher than 99.5 per 
cent will be more expensive than one meeting this 
standard. 

Conclusions 

Using the best techniques and maximum care it 
has been established that increases in oxygen purity 
from 99.0 up to 99.83 per cent result in linear in- 
creases in cutting speed. For 34-in. plate at normal 
flows this represents a 7.6 + 214 per cent increase in 
speed as the oxygen purity goes from 99.49 to 99.80 
per cent. For 4-in. rolled steel a similar increase in 
purity results in a 6 + 2 per cent increase in speed. 
For the cast steel an increase in purity from 99.5 to 
99.8 per cent results in a 10.8 + 2.5 per cent increase 
in speed. While the gain in cast steel appears great- 
est, it is the most difficult one to “pin-point.” 

Work done by others and reported in private com- 
munications at still higher purities also confirms the 
linear relations formulated in this paper. 

At the same time it is more expensive to provide 
oxygen at a guaranteed purity higher than the pres- 
ent 99.5 per cent standard, all conditions of produc- 
tion being equal. 
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Fig. 12—Determination of drop cut percentages. Style 

164 No. 2 tip (.055) orifice; cutting oxygen flow, 145 cfh; 

acetylene flow, 14 cfh; preheat flames neutral; 1%, ,-in. 
thick cast steel keel blocks. 


In view of the difficulties of measuring the purity 
and expense of production, the small economies of 
using oxygen over 99.5 per cent pure do not seem to 
justify producing such a grade of oxygen in the pres- 
ent state of the art. Most of the cutting done in a 
steel foundry is by hand and on risers. For the pur- 
pose of this paper it would have been desirable to do 
the test work by hand cutting and on typical steel 
risers. However, the operator is such a variable fac- 
tor that conscientious researchers have long ago 
ceased to give credance to any tests involving hand 
cutting unless only the most approximate results were 
acceptable. Hence, all the work reported in this 
paper is on machine cutting. As for the possibilities 
of using commercial cast steel risers as test materials, 
one has only to examine the way one riser will vary 
from another as regards surface conditions to realize 
the difficulties of getting consistent results. For the 
purpose of this investigation we were fortunate in 
being able to procure cast steel specimens found 
under conditions especially controlled to produce 
pieces as uniform as possible. Even so, the results 
are not as uniform as on rolled materials. 
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Appendix 


ANALYsis OF CYLINDERS USED IN PLATE CUTTING 
AND STARTING TESTS 
Methods used: 

1. The plant analysis involved an absorbing solu- 
tion of ammoniacal cuprous chloride and a simplified 
construction using tubing clamps instead of stop- 
cocks. 

2. The Research Division’s Hempel Pipette was 
essentially a more complicated version of the plant 
device. The added stopcocks make manipulation 
easier but are potential leaks and bubble catchers. 

3. The Orsat analyzer involves both ammoniacal 
cuprous chloride and pyrogallol absorption. The 
added apparatus gives more possibilities for leaks 
and bubble losses. 

4. The Development Division’s Hempel Pipette 
was a carefully calibrated copy of the plant equip- 
ment. It might be added that the manipulation of 
the rubber tubing in this plant type apparatus re- 
quires practice. 


CONSTRUCTION OF THE SPEED-PURITY GRAPH FOR 
Cast STEEL (Fic. 11) 

The values shown in Fig. 10 were used in the fol- 
lowing manner: 

1. For each of the three oxygen purities a specific 
base speed was selected with a range of +0.1 in./min, 
and the ratio of drop cuts to total cuts was calculated 
and expressed as a percentage. The initial base speeds 
and ranges were: for 99.83 per cent purity, 19.0+0.1 
in./min; 99.58 per cent purity, 18.0+0.1 in./min; 
and for 99.47 per cent purity, 16.5+0.1 in./min. 

2. This procedure was followed by varying each 
base speed 0.1 in./min both above and below the 
specific speeds initially chosen. 

3. The percentages of drop cuts versus base speeds 
were plotted as shown in Fig. 12. 

By inspection of Fig. 12, the 65 per cent drop cut 
line was chosen as the standard consistency and the 
points of Fig. 11 plotted on that basis. 

Some other percentage line could have been sel- 
ected but the end result would have been changed 
only a negligible amount because: 

1. The slopes of the three purity lines of Fig. 12 
are almost identical. 

2. The change in speed with increasing drop cut 
percentage is small within the region plotted. 

3. If the speeds plotted in Fig. 11 are given a 
+0.2 in./min range, the performance consistencies 
for all purities tested fall within the range of 60 to 
65 per cent. In addition, this seems a reasonable 
range to take care of variations in the apparatus and 
the precision of data recording. 











PRACTICAL SUGGESTIONS FOR THE 


BUILDING OF WOOD PATTERNS 


By 


W. H. Siebert* 


® Machine tools are much needed today and the de- 
mand for machine tool patterns is great. The large 
number of castings required for many types of ma- 
chines coupled with the complexities of modern design 
challenge patternmakers and foundrymen to strive 
for better pattern equipment that helps the molder 
produce more and better castings. Large patterns are 
quite often thought of in terms of cheap patterns; 
never can enough emphasis be placed on the fact that 
a pattern must be built substantially, and to foundry 
requirements. 

Therefore it seems only common sense to use the 
ideas which follow. Even if a pattern is to be made 
for only one casting, they still hold true. 


Not Just Guesswork 


To produce a satisfactory pattern we must teach 
young men that there is more to modern patternmak- 
ing than merely haphazard guesswork as to how a 
good pattern should be built. The patternmaker of 
today must be able to visualize everything that goes 
into the making of a large piece of equipment. In 
order to do this he must have a working knowledge 
of a designer, a machinist, and above all a molder 
and coremaker, so that with the close cooperation of 
these men plus skilled know how, he may achieve the 
final result of a usable pattern. 

In this report we would like to confine ourselves 
to the construction of a pattern that will make a 
casting for a specific large machine tool casting. This 
casting is a typical example of the production require- 
ments stated above. The large number of castings re- 
quired makes it mandatory to engineer this equip- 
ment 9 provide the foundry with a pattern that en- 
ables mold after mold to be made with a minimum 
of effort, and to construct the pattern in such a way 
as to avoid delays for repairs as much as possible. 

With this in mind, we suggest a few details of 
making such a pattern. The first step should be to 
become thoroughly familiar with what the designer is 
trying to achieve, determining the finished surfaces 
most critical, dimensions most critical, oil or water 
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tight compartments, etc. These facts may help in 
determining the best possible surface to have in the 
drag, and perhaps in arranging the cores in such a 
manner as to do away with the need of chaplets where 
a leak proof casting surface is required. 

This accomplished, the next step should be to con- 
sult the foundryman who is to make the casting. It 
would indeed be a costly error to neglect this all- 
important step. Assuming that he has to produce 50 
good castings, he will be of utmost value in helping 
design the pattern so that he will be able to make 
these castings to the best satisfaction of the customer 
and meet a reasonable time schedule. His advice will 
be an important factor in determining molding meth- 
ods, flask sizes, sufficient core supports, core vents, 
risers, and gates. Most of all he will aid in designing 
the cores to enable him to set them without costly 
delay. His core oven capacity may be a factor in de- 
termining the size of the cores. In places where two 
cores are separated by a wall section, it is sometimes 
possible to make these two cores into one simply by 
one or two permissible holes through this wall sec- 
tion. The saving is quite obvious. There is one less 
core box to make, one less core, and one less set for 
the molder. Perhaps one of the more common applica- 
tions for adding holes is on large cope surfaces where 
ordinary chaplets are either objectionable or imprac- 
tical. The molder very often insists on them. In cases 
where the cope side of the mold is also the bottom 
of a machine that has tanks and other compartments 
incorporated in the design, openings, if held to a 
proper diameter, can be welch plugged in the machine 
shop and will prove quite satisfactory. It is very bene 
ficial to the molder to have as many holes as possible 
in the cope surfaces, for they afford an excellent place 
for venting out core gases and prevent any possibility 
of cores raising to the cope. 

After proper planning, and after all necessary lay- 
outs have been made (normally a typical cross section) 
begin construction of the pattern. The first concern 
must be the frame work, or heads. These must be set 
up on an absolutely flat surface. If it is desired to have 
a pattern that is accurate, all precautions must be ob- 
served from the very beginning. 

Use this hard and fast rule in selecting lumber: 
do not skimp on thickness. Patternmakers must bear 
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in mind that the modern foundry employs slingers 
for ramming, which are quite capable of bowing a 
1% in. pattern lagging enough to render a draw im- 
possible. Therefore heads must be sturdy. Sixteen in. 
should be the maximum spacing of heads. 

After all the heads are erected, tie rails are placed. 
This is best accomplished by screwing them directly 
to the outside of the heads. It is the author’s opinion 
that the common practice of recessing the rails into 
the heads tends only to weaken the head structure. 
This is a frequent cause of serious pattern damage. 
The rails should be at least 134 x 6 in., so placed that 
the outer lagging can be fastened to them with the 
grain of the wood following the draw of the pattern. 

However, before the outer lagging can be applied, 
enough inner cross bracing must be installed to in- 
sure a rigid pattern. Good judgment must be employed 
in this so as not to increase the weight of the pattern 
excessively. To facilitate bolting or screwing of rap- 
ping or vibrator plates to the pattern, sufficient stock 
must be placed at proper locations between the heads. 

Next in line is the matter of draw straps, which 
also should be installed before any lagging is applied. 
These straps should consist of at least 214 x 4 in. cold 
rolled steel. They should be hooked to the heads and 
bolted for maximum strength. These straps should be 
kept flush with the face of the pattern, and not pro- 
ject above as is so often the case. A 1-in. hole drilled 
in this steel strap will serve for handling purposes. 
If the pattern is to be rolled with the flash, handling 
holes must also be provided both on the cope and 
drag side of the pattern. Hooks should be flush with 
the pattern surface. 


Now Enclose the Pattern 


Now proceed to finish enclosing the pattern. If 
possible use 134 in. stock for lagging, as it will help 
strengthen the job and avoid bowing by the slinger. 
These laggings can either be nailed or screwed to the 
rails. Consider at this point all external parts of the 
pattern, such as core prints, bosses, large round corners, 
fillets, etc. These may well be incorporated in plans for 
lagging. 

Avoid loose pieces where possible. If this is im- 
possible, it is best to fasten them to a dovetail. Pieces 
attached with loose pins often are rammed off their 
particular location. 

It is very difficult to remove large, loose pieces. In 
order to aid the molder in producing a better mold, 
quite often loose pieces can be made in ram-up cores. 





oe 
heads. Frame must be set on an absolute flat surface. 


Illustrating proper construction method for 
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This will aid greatly in finishing the mold, as the hard- 
to-get-to places are already blackened on the ram-up 
core in the core room. 

Coreprints should be sufficiently large to carry the 
weight of the core and permit solid anchorage. In the 
event the core must be tied down in the mold, enough 
space must be given on the face of the coreprints to 
permit the coremaker to provide the proper tie rods. 

The patternmaker must also be mindful of print 
sizes to prevent the possibility of the molder placing 
a core in the wrong print or of placing a core wrongly 
in its own print. He uses core markers where neces- 
sary, and makes them large and distinct. A pattern- 
maker should work on the assumption that if a 
molder can err in locating a core, it is the fault of the 
pattern design. 

Pattern draft is of course of prime importance; lack 
of it may cause needless patching. Usually 3/16-in. 
draft for every two feet of pattern surface is sufficient 
on any side surface. However, a good practice is to 
have all the draft that the part design will permit. If 
it becomes necessary to have recesses in the cope sur- 
face of the pattern, use as much draft as possible. The 
lack of sufficient draft is perhaps the most common 
error a patternmaker will make. 

The construction of coreboxes requires as much 
consideration as the pattern itself. It should likewise 
be considered from the foundry angle. An important 
factor to the coremaker is the outer shape of the core- 
box. No matter what shapes or angles the core itself 
may take, the box should always be started as a rectan- 
gular frame of sturdy construction. That is the easiest 
shape to roll over and draw. The sides should be of 
2-in. stock with a 14-in. gaining in of the ends. The 
bottom can be made of thinner stock, depending on 
the size of the box. 

Since the core may take many shapes, and incorpo- 
rate large bosses, ribs, etc., the patternmaker must try 
to picture in his mind what the coremaker has to do to 
make the core. Good judgment may save needless 
work. It is often impossible to ram under large, loose 
pieces. In such instances, make it possible for the core- 
maker to sweep up a flat surface under the loose piece. 
This can often be accomplished by making the box 
one inch wider per side and adding lI-in. stock up to 
the level of the loose piece. This will serve a twofold 
purpose. First it will provide a seat for the loose 
piece; second, it will furnish a surface on which a ' 
sweep will ride to establish the lower level of the 
loose piece. After the coremaker has swept this sur- 
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Section of completed pattern, showing 


2 few 
proper use of ram-up cores. Notice use of draw straps. 
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face, he has only to set the loose piece on it and finish 
the ramming operation. 

It is also wise to remember that large cores may 
settle, thus making the side larger and subsequently 
giving the molder thinner metal walls. This can be 
avoided by making the box smaller than the actual 
measurements. It is good practice to make the inside 
dimensions of the corebox with the standard rule. 
As in many foundry practices, no hard and fast rules 
are applicable. It is good to discuss with the foundry 
such cases where cores are exceptionally high or large. 
In case a patternmaker must use his own judgment 
on such cores, 1/16 in. per foot of width and length 
may be deducted from the actual size where cores 
are more than 2 feet high, using the shrink rule. A 
standard rule may make core slump allowances too 
great on larger cores. It is, of course, the height factor 
that more than anything else causes core growth. 

Too little attention is often given to the outer shell 
of the box. A good battening job helps preserve it. 
Remember the box plus sand, core rods, and core 
plate is a lot of weight to roll over. This in itself is 
a good reason to make the core box as strong as possi- 
ble. Never glue and nail battens; screw them on. 

Now that the pattern and boxes are completed, 
there remains one more thing to do. After proper 
application of a pattern coating, mark up the equip- 
ment in such a way that the foundry has no trouble 
in setting up the job. This identification can best be 
accomplished by using embossed zinc tape; painted-on 
setups are soon rendered unreadable by service. 

Successful completion of a pattern often can only 
be accomplished by cooperation among all involved. 
Design, patternshop, foundry, and coreroom all play 
an important part in pattern engineering. By utiliz- 
ing all these resources, the patternmaker can produce 
a pattern that will stand up under the roughest treat- 
ment and yet turn out casting after casting which meet 
the highest quality standards. 

It would be embarrassing to have a pattern come 
out of a mold in pieces. Equal embarrassment can re- 
sult if the foundryman declares that the already con- 
structed pattern can’t be used unless a costly rebuilding 
job is done. Several factors can contribute to a faulty 
pattern. First, there is a lack of foundry knowledge 
on the part of some manufacturers of patterns. Second, 
in cases where the purchaser specifies a well-made pat- 
tern, the producer may deliberately slight the con- 
struction in order to save expenses. Third, purchasers 
of patterns may allocate an insufficient amount of 
money for the cost of a pattern, causing the same 
bad results. It seems false economy to make the price 
of a pattern the most important factor and then build 
the pattern to suit this price. The resulting cheaper 
pattern would have a decidedly shorter life. Such a 
pattern could quickly cost many additional dollars 
for rebuilding and repair costs and down time. 

Pattern manufacturers should strive to build pat- 
terns to meet foundry requirements. Following the 
factors outlined in this paper will lead to strong, 
serviceable patterns which will cost more but will re- 
turn this extra expense in castings at less cost per 
pound. Patternmaking is one of the few highly skilled 
trades. It should be applied to the fullest extent. This 
and nothing else leads to successful patternmaking. 
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Fig. 3 . . . Detail of outer construction of core boxes. 
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Fig. 4. . . Cutaway section of core box showing inner 
lining. This lining has two purposes; it provides a seat 
for the loose piece, and it furnishes a surface on which 
a sweep will ride to establish lower level of piece. 














Fig. 5 . . . Shows construction of ram-up and drag cores. 
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DISCUSSION 


Chairman: VY. J. SEDLON, Master Pattern Co., Cleveland. 

Co-Chairman: H. C. Swanson, Arrow Pattern and Foundry. 
Chicago. 

Recorder: F. J. OKLEssEN, Motor Patterns Co., Cleveland. 

RECORDER QOKLESSEN: I merely want to re-emphasize some of 
the important points brought out by the author. The first step 
in making pattern equipment is the analysis of the drawing. 
The drawing must be practical where close tolerances are to be 
held. The patternmaker must show what faces are critical in 
regard to sound metal. 

The second step is to confer with the proper foundry per- 
sennel on how the mold will be gated, how the cores are to be 
supported in the mold and what the size of coreprints should be. 

The third step in making the pattern is to layout the pattern 
on the board. When constructing the headers, proper thickness 
and cross bracing is necessary. Draw bars on large patterns are 
a must. These straps should be bolted down not screwed. The 
pattern facing lumber joints should be in the direction of the 
draw. Avoid loose pieces on patterns. When a projection occurs 
on a pattern a core should be placed under the loose piece, said 
loose piece should be dove-tailed in the pattern. Core box con- 
struction should be started with a straight box frame. Patterns 
should not be glued on but screwed on. Feather edge core fillets 
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should be avoided. All corners should be of solid construction. 
The insides of the coreboxes can then be readily dropped into 
place and held securely by means of screws. This type of pattern 
equipment will give good service, little maintenance, and a good 
acceptable casting for the foundry. Here are three reasons why 
bad patterns are made: (1) lack of knowledge of pattern by 
patternmakers, (2) some pattern shops deliberately short cut 
on jobs, and (3) pattern buying by the purchasing agents 
strictly on price comparison only. 

MEMBER: What pattern finishes does the author recommend? 

Mr. Siesert: We use iron oxide with shellac. It is a rougher 
finish, dries slower but gives a hard final finish. 

Joun G1ano:* Our practice on machine tool patterns is to 
apply one coat of shellac followed by two coats of lacquer. 

Member: Is the hardwood frame necessary? 

Mr. SieBert: No, unless wear surfaces get much abuse. 

F. C. Cecu: 2 What lumber is used in this work? 

Mr. SiEBERT: We use Idaho pine, cherry and ash. Do not use 
sugar pine because it is too soft. 

E. J. McAree:* Do molders use the rapping plates provided? 

Mr. SieBert: The molders should use the rapping plates pro- 
vided because that prolongs the life of the pattern. 


1 Royal Pattern Works, Cleveland 
2 Cleveland Trade School, Cleveland. 
' Puget Sound Naval Shipyard, Bremerton, Wash. 












USE OF ALUMINUM BRONZE 
IN HIGH PRESSURE CASTINGS 


By 


Thornton C. Bunch* and George E. Dalbey** 


ABSTRACT 


Consideration is given to the possibility of substituting alumi- 
num bronze castings for brass forgings and for gun metal in 
certain high pressure heavy castings. 

Gun metal has the inherent property of solidifying with a dis- 
persed pipe. solidifies with a concentrated 


pipe. 


fluminum bronze 


Introduction 


The present day accelerated industrial economy re- 
quires a dynamic foundry industry prepared to meet 
ever increasing engineering demands. 

The large number of non-ferrous alloys in indus- 
trial use indicates there is no one best alloy for all 
purposes. 

The selection of an alloy for a specific use usually 
results in a compromise of mechanical properties, 
chemical compositions, ease of processing, availability 
and cost. 

Consultation between the designing engineer, 
foundryman, patternmaker and metallurgist usually 
results in a product having the highest average prop- 
erties, the lowest cost and a minimum of production 
difficulties. 


Metallurgical Considerations 


Gun metal having a nominal gomposition of cop- 
per 88.0 per cent, tin 8.0 per cent and zinc 4.0 per 
cent and minimum mechanical properties as follows: 
yield strength 20,000 psi, tensile strength 40,000 psi, 
and elongation 20 per cent, is an alloy that has been 
extensively used and mis-used. This alloy is easily 
handled in the foundry. The gating is not too crit- 
ical and some turbulence can be tolerated in pouring. 
This alloy will generally make a satisfactory pressure- 
tight casting if the casting walls are relatively thin 
and the walls are left unmachined. This same alloy 
when used in a heavy chunky casting, a casting on 
which considerable machining is to be performed, and 


* Master Molder and Mare Island Naval 


Shipyard, Vallejo, Calif. 


** Metallurgist, 


The opinions or assertions contained herein are the private 
ones of the writers and are not to be construed as reflecting the 
views of the Navy Department. 
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in the center of which several holes may be drilled 
close together, leaving only a thin shell of metal be- 
tween the holes, may produce an unsatisfactory cast- 
ing (Fig. 1). A less massive casting, but having con- 
siderable machining on it, is a border line casting 
when cast of gun metal. This type of casting is shown 
in Fig. 2. 

Gun metal is a wide range solidifying alloy. It sol- 
idifies by the formation of the six branched primary 
dendritic skeletons in the building of the octahedral 
crystalline grains.'. During solidification, the growing 
grains are composed of skeletons of primary, second- 
ary and tertiary branches surrounded by liquid metal, 
and there is but little thickening of these branches 
until late in the solidifying process. The inherent 
result of this method of solidification is the forma- 
tion of fine intradendritic spherical porosity and fine 
scattered tortuous interdendritic porosity.*> This 
type of porosity is difficult to eliminate completely 
by feeding. The presence of gas in the metal aggra- 
vates this condition.” 

Aluminum bronze having a nominal composition 
of copper 87.5 per cent, aluminum 9.0 per cent, iron 
3.5 per cent, and minimum mechanical properties as 
follows: yield strength 25,000 psi, tensile strength 
65,000 psi, and elongation 20 per cent, is an alloy 
that might be substituted for brass forgings, for gun 
metal in massive castings, and for gun metal in cast- 
ings where considerable external and internal mach- 
ining is to be performed. 

The gating of castings produced from aluminum 
bronze is critical as little if any turbulence can be 
tolerated in pouring, because this alloy readily forms 
large amounts of dross. This alloy will generally 
make a pressure tight casting if properly handled in 
the foundry. 

Aluminum bronze is a narrow range solidifying 
alloy. During solidification the grains are composed 
of skeletons of primary and secondary branches sur- 
rounded by liquid metal. Thickening of the pri- 
mary and secondary branches occurs early in the pro- 
cess of solidification, resulting in the formation of a 
solid compact skeleton rather than a thin extended 
skeleton growth. The inherent result of this method 
of solidification is the formation of a solid walk with 
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Fig. 2—A finished high pressure cylinder head casting. 


Fig. 4—High pressure cylinder head castings showing 
risers and gating. Left, gun metal; right, aluminum bronze. 


Fig. 3—A high pressure manifold casting showing riser 
and gating. 


Fig. 7—Photomicro- 
graph of a portion of 
the specific gravity 
specimen from the 
high pressure gun 
metal manifold, at 
X25 unetched, show- 
ing considerable in- 
terdendritic porosity. 
This metal leaked. 


Fig. 6—Photograph of 4 inch slabs taken from mid-section 
of high pressure manifold castings and etched with strong 
nitrohydrochloric acid to show the difference in structure 
and density between gun metal and aluminum bronze. 
Both were etched in the acid for same length of time. 
Bottom, gun metal; top, aluminum bronze. 
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ALUMINUM BRONZE HIGH PRESSURE CASTIN« 


Fig. 8—Radiograph of 4 inch thick slab, a mid-section of an aluminum bronze high pressure manifold casting. 


little if any interdendritic porosity. This alloy can 
be expected to withstand high air and hydrostatic 
pressures in the as-cast state.* 


Corrosion 


Corrosion is another factor which must be taken 
into consideration when selecting an alloy. The fol- 
lowing quotation from Frank L. LaQue’s memorand- 


um indicates that G-bronze and aluminum-bronze are 
not too far apart in general corrosion properties. 
“You will note that in quiet water there is no sub- 
stantial difference between the two compositions of 
bronze. However, where erosion is involved, the avail- 
able data indicates that the aluminum bronze will be 
somewhat inferior to the G-bronze and that the ero- 
sion resistance of the aluminum bronze, as is .the 
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case with other copper alloys improves as the iron 
content of the alloy is raised. Along the same line is 
the fact that one of the most erosion and corrosion 
resistant of the common bronzes is the nickel alumi- 
num bronze which contains 10 per cent aluminum, 5 
per cent nickel and 5 per cent iron.” 

“In erosion tests in another type of machine at 
Harbor Island involving velocities of 27 ft per sec 
this aluminum-nickel-iron bronze suffered a weight 
loss of only 93 mg/sq dm/day as compared with a 
representative value of 218 mg/sq dm day for compo- 
sition G-bronze under the same exposure condition.” 

In specific applications where resistance to erosion 
is required, the high nickel aluminum bronze may be 
substituted for G-bronze, and aluminum bronze. 


Experimental Procedure 


Castings—To get an insight into how casting size 
and/or a change in alloy will affect the properties of 
a casting, the following type castings were cast of 
gun metal and aluminum bronze. 

(a) A heavy, chunky, high pressure manifold cast- 

ing as illustrated in Fig. 1. 

(b) A smaller, lighter, high pressure cylinder head 

as illustrated in Fig. 2. 

Gating—The gating on the high pressure manifold 
was similar for both alloys. An inverted horn gate 
was used, the small end acting as a choke and the 
large end attached to casting. The area of the small 
end was 0.25 sq in., and the area of the large end 


Fig. 9—Photomicrograph of a por- 
tion of the specific gravity specimen 
from the high pressure aluminum 
bronze manifold at X25 unetched, 
showing a few scattered gas holes. 
The very fine iron compound is 
well distributed throughout the al- 
pha matrix. The beta constituent is 
largely resolved into duplex eutec- 
toid structure. This metal did not 
leak. 
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was 5.05 in. It was expected this gating arrangement 
would minimize the turbulence. The riser was ade- 
quate, probably larger than necessary (Fig. 3). 

The gating method used for the high pressure cyl- 
inder head casting is shown in Fig. 4. The casting on 
the left is gun metal, that on the right, aluminum 
bronze. Both castings have generous risers. 

Laboratory Tests—Cross-section slabs 14 in. thick 
were removed from the mid-section of each casting. 
The slabs were radiographed and pressure tests made 
with compressed air at 90 lb. The slabs were deep 
etched with nitrohydrochloric acid as a check on the 
metal soundness. 

Specific gravity was determined on specimens tak- 
en adjacent to the center of the castings. Microscopic 
examinations were made on specimens taken from 
the specific gravity specimens. 


Experimental Results 


(1). Heavy high pressure manifold casting. 

(a) Gun Metal—The radiograph of the \4-in. 
thick section disclosed wide spread interdendritic por- 
osity except for a shell of metal that was in contact 
with the mold surface (Fig. 5). 

The same section, when put under a 90-lb com- 
pressed air test, leaked badly. 

The same section when etched with nitrohydro- 
chloric acid showed much the same as the radio- 
graph.® (Fig. 6, bottom.) 

The specific gravity of a specimen adjacent to the 





Fig. 10—Radiograph of %4 inch thick slabs taken from the mid-section of high 
pressure cylinder head castings. Note the difference in structure and density between 





gun metal and aluminum bronze. 
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center of the 14-in. slab was 8.40. 

The photomicrograph of a portion of the specific 
gravity specimen at X25 unetched, shows consider- 
able interdendritic porosity (Fig. 7) 

(b) Aluminum Bronze—The radiograph of the 
\4-in. thick section shows a uniformly dense metal 
with no evidence of a denser metal shell. There are 
some small scattered spherical holes (Fig. 8). 

The same section when put under a 90-lb com- 
pressed air test did not leak. The section was then 
reduced to l4-in. thickness and again tested with 90- 
!5 compressed air. The section did not leak. 

The same section when etched with nitrohydro- 
chloric acid showed much the same pattern as the 
radiograph (Fig. 6, top). 

The specific gravity of a specimen adjacent to the 
center of the 14-in. slab was 7.83. 

The photomicrograph of a portion of the specific 
gravity specimen at X25 unetched, shows a few scat- 
tered gas holes. The very fine iron compound is 
well distributed throughout the alpha matrix. The 
beta constituent is largely resolved into duplex eutec- 
toid structure (Fig. 9). 

(2). High pressure cylinder head casting. 

(a) Gun Metal—The radiograph of the |4-in. 
thick section discloses a large crystalline pattern with 
some scattered low density areas. There is a shell of 
high density metal that was in contact with the mold 
surface (Fig. 10, top). 

The same section when put under a 90-lb com- 
pressed air test did not leak. 


ALUMINUM BRONZE HIGH PRESSURE CASTINGS 


The same section when etched with nitrohydro- 
chloric acid showed much the same pattern as the 
radiograph (Fig. 11, bottom). 

The specific gravity of a specimen. adjacent to the 
center of the 4-in. slab was 8.68. 

The photomicrograph of a portion of the specific 
gravity specimen at X25 unetched shows considerable 
interdendritic porosity, but less than in the heavy 
casting (Fig. 12). 

(b) Aluminum Bronze—The radiograph of \4-in. 
thick section shows a uniformly dense metal with no 
evidence of a denser metal shell. There are a few 
small scattered spherical holes (Fig. 10, bottom). 

The same section, when put under a 90-lb com- 
pressed air test, did not leak. 

The same section, when etched with nitrohydro- 
chloric acid, showed much the same pattern as the 
radiograph (Fig. 11, top). 

The specific gravity of a specimen adjacent to the 
center of the 14-in. slab was 7.85. 

The photomicrograph of a portion of the specific 
gravity specimen at X25 unetched was similar to 
that shown in Fig. 9. 


Summary and Conclusions 


Gun metal is sensitive to section size. Thin walled 
castings are more apt to have denser, tighter metal 
than heavier castings. 

The type of gas and shrinkage voids produced in 
gun metal castings are more apt to produce leaky 





Fig. 11—Photograph of mid-sections of high pressure cylinder head castings, etched with strong nitrohydrochloric acid, 
showing difference in structure and density between gun metal and aluminum bronze. 
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Fig. 12 — Photomi- 
crograph of a portion 
of the specific grav- 
‘ty specimen from 
the high pressure 
gun metal cylinder 
head at X25 un- 
etched, showing con- 
siderable interden- 
dritic porosity. 





castings than are the voids produced in a similan 
aluminum bronze casting. 

The heavy chunky castings which are difficult to 
produce pressure, tight in gun metal can more often 
be made successfully in aluminum bronze. 

There is a marked density difference in heavy gun 
metal castings between the surface and center. Re- 
moval of the surface by machining removes the 
strongest and soundest metal. 

The aluminum bronze castings do not show the 
marked density difference between surface and cen- 
ter of casting, and metal can be removed by machin- 
ing without sacrificing quality. 

The aluminum bronze must be gated in a manner 
to have non-turbulent flow, in order to produce dross- 
free, pressure-tight, sound castings. 

The uniformly dense structure of the aluminum 
bronze casting indicates a possible substitution of 
aluminum bronze castings for brass forgings. 
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DISCUSSION 


Chairman: W. A. Maver, Oberdorfer Foundries, Inc., Syra- 
cuse, N. Y. 

Co-Chairman: B. W. ScHAFER, Kuhlman Electric Co., Bay City, 
Mich. i 

Recorder: C. P, Korowicz, Ampco Metal, Inc., Milwaukee. 

R. A. Coiron:* Mr. Dalbey demonstrated you can make 
sounder castings in aluminum bronze than in tin bronze but in 
his opinion he felt gating should not have been the same for 
both metals. 

Mr. Datsey: The only reason gating was identical in both 
aluminum bronze and tin bronze is because we wanted condi- 
tions to be identical in both metals. 

S. W. CHAPPELL, JR.:* We are making the same manifold as 
shown in the paper with a heavy chill in aluminum bronze. 
However, a runner box is used in pouring operations which is 
filled and then the plug is pulled. We are handling aluminum 
bronze the same as gun metal. 

Mr. Buncu: During the experiments conducted, the one 
thought we had in mind was of obtaining sound, dense material, 
because of time involved in machining, pressure checking, etc. 
Aluminum bronze is a much better alloy because it can be 
readily welded and fed with exothermic materials. Many cast- 
ings in metals other than aluminum bronze had been made 
previously as forgings because of high pressure requirements. 

MEMBER: We are interested in aluminum bronzes particularly 
in the aluminum nickel bronzes which are used successfully for 
gears on submarines. I am surprised that the authors did not 
use the Durvill system of gating (Fig. 3). Attention must be paid 
not only to the turbulence and dross usually found in aluminum 
bronze, but care must be taken so that melting conditions are 
proper. 

W. B. Scorr:* The Navy should be cheered for changing over 
to aluminum bronze in pressure castings. Leakers usually occur 
after improper heat treatment. 

Mr. CHAPPELL: The top gating I mentioned previously was on 
dry sand only. A plug 3 in. in diameter is used with the runner 
box whenever we can work green sand molding. Naturally, we 
must be more careful in gating somewhat differently because of 
the turbulence created in aluminum bronze and the possibility 
of sand washing. 

Mr. BuncH: Whenever aluminum bronze is poured at the 
Mare Island Naval Yards it is poured as slowly as possible or 
under controlled pouring conditions. 


1 Research Metallurgist, American Smelting & Refining Co., Barber, N. J. 
2 Supt. of Foundries, Electric Boat Div., General Dynamics Corp., Groton, 


Conn. 
’ Metallurgist, American Brake Shoe Co., Meadville, Pa. 
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OLIVINE APPLICATION IN THE FOUNDRY 


By 


Gilbert S. Schaller* 


The present research program on olivine applica- 
tion in the foundry has been undertaken by the 
foundry division of the Mechanical Engineering De- 
partment, University of Washington, for several rea- 
sons. A compelling motive is the present national 
preparedness situation since west coast foundries are 
dependent largely upon Ottawa silica or that im- 
ported from the Belgium beaches. A curtailment of 
either of these supply sources would develop a gen- 
uine, if not an insurmountable, emergency to the 
production of castings in the Far West. 

A second reason for the research program is the 
abundance of olivine in Washington State where 
large known deposits of high quality olivine occur, 
indicating that no economic obstruction to the use 
of olivine in the foundry exists. 

Finally, it was desired to discover any properties 
of olivine sand aggregate that would be of special 
interest. No attempt has been made to compare olli- 
vine with silica on the basis of superiority of one 
over the other. Investigation has been slowed he- 
cause accepted testing and evaluation procedures have 
been developed for silica primarily whereas olivine 
has different physical, chemical, and mechanical prop- 
erties which do not, in every case, lend themselves to 
established testing routine. It has been found neces- 
sary. to develop distinctive procedures in order to 
evaluate olivine molding sand aggregate. It seems 
safe to predict that the introduction of olivine in 
the foundry will be characterized by misgivings and 
failures because olivine will be expected to conform 
in its behavior to long-established foundry practice. 
Information received from the Olivine Committee of 
M. V. L. proves this situation in a report, “The Use 
of Olivine Sand in Steel and Iron Foundries.”’! 


Properties of Olivine 
Olivine is magnesium-iron-ortho-silicate that is com- 
posed of forsterite (Mg»SiO,) and fayalite (Fe.SiO,). 
It does not contain free silica. Olivine in Washington 
occurs as rock or boulders in its natural state and 
must be crushed prior to any foundry application. It 
occurs in the Twin Sisters area in the foothills of the 


* Professor of Mechanical Engineering, University of Wash- 
ington, Seattle. 
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Fig. 1—General view of the Twin Sisters area, Cascade 
Mountains. 


Cascade range. The deposits are extensive? and cap- 
able of long-time production. Another deposit is lo- 
cated on Cypress Island in the San Juans. This oc- 
curence is not of the same quality as the Twin Sisters 
deposit because of a somewhat higher fayalite con- 
tent. However, its geographical location is more 
favorable since it is accessible to tidewater and barge 
transportation. 

Thermal Properties: The fusion temperature of 
olivine is dependent upon the proportions of its con- 
stituents. The constitution diagram of the olivine 
system is shown in Fig. 3. It can be seen that pure 
forsterite has a fusion temperature above 3400 F. 
Olivine used in our work contains approximately 7 
per cent fayalite and has a fusion point approximat- 
ing 3300 F. Obviously, its fusion point is sufficiently 
high to meet foundry casting temperatures. No dif- 
ficulties were encountered in producing non-ferrous 
as well as gray iron castings. Some steel castings were 
made, but the scope of that operation was limited 
due to a lack of adequate steel melting equipment 
in our foundry. Olivine sand is reported to be pro- 
ducing steel castings successfully in Norway.? Man- 
ganese steel castings of excellent quality are reported 
from Norwegian foundries; as well as the Electric 
Steel Foundry Co., Portland, Ore. 

Expansion Characteristics: Olivine has a_ lesser 
thermal expansion rate than quartz as reported by 


52-80 








G. S. SCHALLER 





3400 


3200 


3000 


F 


* 2800 


TEMPERATURE 
N 
o 
i=} 
—) 


2400 


2200 





2000 





i i 1 1 





O% Mg2Si0, 
100% Fe,Si0, 


100% MgpSi0,4 


0% Fe,Si0, 


Fig. 3—Olivine equilibrium diagram. 











Bowin and Schainer (Fig. 4). A lower thermal ex- 
pansion rate is a desirable characteristic since it in- 
dicates that molds made from olivine foundry sand 
aggregate should exhibit low buckling and scabbing 
tendencies. Our experience indicates such a condi- 
tion, although buckling was not extensively investi- 
gated. It is inaccurate to connect these qualities to 
the sand aggregate alone since there are other vari- 
ables that influence scabbing and buckling tenden- 
cies. Olivine does not have the inversion factor that 
occurs in quartz at 1090 F. Inversion is accompanied 
by a sudden change from rapid expansion to slow 
contraction which is a major contributing cause to 
silica expansion defects. 

Thermal Conductivity: The tendency for a casting 
to scab or burn-on can be associated, in a degree at 
least, with the rapidity of skin formation at the 
metal mold interface. Lock and Ashbrook‘ report 
that olivine has a thermal conductivity about mid- 
way between silicon carbide and silica. A high rate 
of thermal conductivity is a desirable mold property, 
especially where controlled solidification as in casting 
zinc base-forming dies® is desired. 

Physical Properties: The specific gravity of olivine 
lies in the range of 3.27 to 3.37. By comparison, 
quartz has a specific gravity of 2.65. In consequence, 
olivine is approximately 25 per cent heavier than 
quartz. Such a condition appears to be unfavorable 
to olivine since more weight for equal volumes of 
present molding sand is indicated. 

A heavier mold aggregate has its favorable aspects. 
Jolt ramming is aided due to increased sand weight. 
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There is good reason to believe that larger molds will 
require fewer bars and less gaggering. In fact, it 
appears entirely logical to re-examine flask size where 
heavier olivine is molded since it seems possible to 
use less sand volume to equal the weight of estab- 
lished molding sand. In the general run of hand 
molding, olivine shows to disadvantage due to its 
greater density. 

Chemical Properties: Olivine is considered to be a 
basic refractory. Many clays common to the foundry 
tend to flux olivine. Both aluminous materials as 
well as silica react with olivine. The nature and sever- 
ity of these reactions are dependent upon tempera- 
ture conditions. In some Norwegian iron foundries, 
olivine is introduced as heap additions. A continua- 
tion of this program results in a gradual change over 
to a complete olivine sand aggregate. 

In our work we employed western bentonite for 
bonding the ferrous sands and southern bentonite 
for the non-ferrous heaps. No evidence of fluxing 
action was noted. Insufficient work was done to de- 
termine what effect acid steel slag might have on 
olivine sand aggregate. This is a situation that is 
deserving of close investigation where an olivine mold- 
ing sand aggregate is contemplated for steel foundry 
application. 

Hygienic Considerations: Replacement of estab- 
lished foundry sand aggregates with olivine has some 
technical advantages. For the most part, though, a 
change to olivine has been considered primarily be- 
cause of the potential prophylactic advantages to be 


Fig. 2—-Formation showing source of olivine used in the 
research program. 
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gained thereby. H. J. Weber® states that silicosis is 
caused by the inhalation of free silica dust in the 
mutual presence of three factors: 

1. Silica particles must be smaller than five mi- 
crons. 

2. Silica dust concentration must exceed five mil- 
lion particles per cu ft per 8-hr day. 

3. Exposure time under the above listed condi- 
tions must be extensive. 

Olivine does not contain free silica and, for that rea- 
son, it offers one possible solution to silicosis difh- 
culties in the foundry. 

There are many references in both industrial as 
well as medical literature indicating a favorable posi- 
tion for olivine as a preventative for silicosis. Ex- 
amples of such publication are “Olivine Synthetic 
Molding Sand Controls Silicosis’’* and “The Proper- 
ties of Olivine and Its Use for Refractories and Mold- 
ing Sands.”* Among extensive medica] references, 
“The Effects of Olivine on the Lungs of Rats’® exem- 
plifies the type of research being pursued in evaluat- 
ing olivine’s toxic potential. The increasing interest 
in this subject is not confined to any one community 
nor to this country; Norwegian foundries are espe- 
cially concerned. 

The present research program in the application 
of olivine in the foundry was inaugurated Aug. 15, 
1950. All molding and core sands were removed and 
foundry floors vacuum cleaned. It was desired to 
avoid all possible contamination from any previously 
used materials. The program anticipated a complete 
change-over to olivine in every applicable category. 
It was further determined that olivine-based sand 
would be used for the regularly scheduled instruc- 
tion program. In consequence, the foundry has 
served in the dual capacity of a research base as well 
as for student instruction. 


Grain Size Classification 

Olivine Preparation: The initial supply of olivine 
was received from the mine crushed to pass 14-in. 
mesh. Further crushing at the School of Mineral 
Engineering produced an aggregate that would all 
pass a 20-mesh screen. Air classification was used to 
remove the fines prior to introduction into the found- 
ry. Where research requirements dictated a narrow 
spread of grain size, water-classified material was em- 
ployed. Sand for the iron foundry was compounded 
from 3 per cent western bentonite and the de-dusted 
olivine aggregate. The mixture was mulled dry for 
about | min, when 3 per cent water was added and 
mulling continued for an additional 3 min. A pro- 
duction-type muller was used in this and all subse- 
quent mulling operations. 

The screen analysis of the original olivine aggre- 
gate is given in Table 1. Bond and moisture per- 


TABLE 1—IRON HEAP SAND SCREEN ANALYSIS 





Retained on U. S. Screen, % 





20 30 40 50 70 100 140 200 270 pan 
Before 
De-dust 02 12.7 25.5 173 11.3 92 76 68 29 6.5 
After 
De-dust 04 232 364 181 85 46 32 20 09 27 
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Fig. 4—Thermal expansion of olivine and quartz. 








centages were chosen arbitrarily since there were no 
authentic data available as a precedent. The molding 
sand had a permeability range from 100 to 130, with 
green strength averaging 7 psi. 

Gray iron castings poured during the initial heats 
were not of ideal quality. Considerable surface rough- 
ness occurred and blows were in evidence. Castings 
were difficult to clean of adherent sand. Surfaces 
were closely examined in order to study their nature. 
A surface test procedure was developed that is de- 
scribed in detail under the title “Olivine Molding 
Sand.”'° Adherent surface scale resulted from mech- 
anically-locked sand rather than from sintering. The 
absence of sintering was confirmed by sectioning spe- 
cimen castings having sand inclusions. Atmosphere 
agents proved beneficial to the elimination of sand 
encrustation. Shake-on graphite was used, and in 
some molds a facing containing oilless core binder was 
introduced with encouraging results. 

Sand workability was not of the best. Low mois- 
ture content to provide easy ramming resulted in a 
brittle sand with dry and crumbly mold edges. In- 
creased moisture improved these difficulties, at a sacri- 
fice of casting surface condition. Hard ramming im- 
proved casting surface but caused difficult pattern 
draw. 

Dry strength proved to be abnormally high caus- 
ing difficult shakeout. This difficulty became less 
noticeable after several heats had been poured. Loss 
in dry strength was accompanied by increasing green 
strength. The sand was mulled one or more times 
between each foundry heat. 

After a year of operation no bond has been added 
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to the heap sand even though 24 heats have been 
poured. All of these were by students, and in some 
instances the entire volume of heap sand was not 
molded, although all sand was re-mulled prior to 
subsequent usage. The green strength has increased 
from 5 to 8 psi to about 12 psi at 3 per cent moisture. 
Dry strength has decreased to the point of easy shake- 
out. One addition of olivine aggregate bonded with 
3 per cent bentonite was made in order to maintain 
the original volume of heap sand. 

Usage Effects : Property changes previously noted 
can be ascribed to the combination of bond burn-out 
and change in grain size. Prior to the aggregate ad- 
dition, a screen analysis gave the results shown in 
Table 2. 

Workability remained about the same even though 
green strength increased. Less ramming was required 
to produce a smooth, dense surface than with the 
original sand. 


TABLE 2—IRON HEAP SAND SCREEN ANALYSIS 








Retained on U. S. Screen, % 





20 30 40 50 70 100 140 200 270 pan 


Before 
De-dust 0.2 12.7 255° 173 113 92 76 68 29 65 
After 
De-cdust 0.4 23.2 364 18.1 85 46 3.2 2.0 09 2.7 
lron Heap Breakdown 
0.6 9.3 236 16.9 109 7.3 61 4.7 2.0 7.1 





Mulling Effects: The information gained from ob- 
serving usage results indicated the desirability for a 
study of mulling effects. A random 10-lb sample of 
olivine was selected for processing in a laboratory 
muller. The mulled sand was tested at timed inter- 
vals during both dry and wet mulling. In the latter 
instance 3 per cent moisture was used. The extent of 
mulling breakdown is given in Tables 3 and 4. Test 
results indicate that dry mulling causes rapid grain 
breakdown, whereas wet mulling results in slower 
pulverizing action. The knowledge gained from the 
mulling tests has proved of profound significance for 
further olivine study. 

Grain Size Control: Behavior of the olivine sand 


TABLE 3—Dry MULLING BREAKDOWN TEST SCREEN 








ANALYSIS 
Time, i SE SS 
min 20 30 40 50 70 100 140 200 270 pan 
0 128 274 274 176 96 46 02 01 01 02 
V, 11.5 253 275 189 104 46 10 01 O01 06 
9 63 176 252 209 143 85 31 15 05 2) 
12 29 13.1 235 20.1 136 91 55 35 15 72 





TABLE 4—WeET MULLING BREAKDOWN TEST SCREEN 








ANALYSIS 
; Retained on U. S. Screen, % 
Time, aimee S25 
min 20 30 40 50 70 100 140 200 270 pan 
0 128 274 274 176 96 46 02 01 O11 02 
4 98 24.3 280 186 11.0 4.7 12 08 04 1.2 
2 9.2 225 26.7 184 108 58 24 16 06 2.0 
12 5.2 18.0 375 205 126 74 34 18 08 28 
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aggregate on continued usage indicated that a change 
in grain size was occurring. Apparently this change 
was slowed following a noticeable effect when the 
sand was first used. Grain size distribution was out 
of control. It appeared as though an insurmountable 
problem was at hand because of the necessity for sep- 
arating the aggregate in order to obtain grain distri- 
butions suited to casting requirements. The situa- 
tion was intensified because of the desirability for 
economically separating sand finer than 50 mesh. 

A separator was built to meet conditions in the 
University foundry. It was designed around the prin- 
ciple that surface to volume ratios of particles in- 
crease as their size decreases. The pilot model now 
in use employs the gravity principle for sand move- 
ment. A dust collector equipped with an exhaust 
fan is the only moving element in the separator. 

Sand to be separated is dropped from the feed bin 
to a spreader that distributes the sand over the slide. 
Drop action is important since it breaks up the sand 
stream as it strikes the slide. Further, the smaller 
the sand particle, the greater the air resistance, re- 


TABLE 5—SAND SEPARATOR SCREEN ANALYSIS 





U.S. Retained on Screen, % 
Screen No (a) Pull (b) Cut-off ~~ (c) Oversize 
12 0 0 0 
20 0 T 5.4 
30 13 0.6 27.7 
40 T 08 5.6 41.0 
50 T 21.2 20.5 
70 3.4 34.2 48 
100 6.3 28.9 0.6 
140 21.0 8.1 LY 
200 21.4 0.6 : 5 
270 8.6 = .j 
Pan $2.2 0.8 T 





sulting in a velocity differential as the sand starts 
down the slide. This differential increases as the sand 
continues down the slide, and as it emerges velocity 
is a function of particle size. A cut-off plate is located 
at the end and below the slide. A vacuum is applied 
whereby its air stream moves normal to the sand flow 
as a means of carrying fines to the expansion cham- 
ber. The latter has a double compartment which 
serves to separate fines. The extremely fine material 
is carried into the vacuum collection bag. It is pos- 
sible to separate sand into four size gradations with 
the present equipment. However, greater or lesser 
separation can be accomplished through adjusting 
and adding cut-off plates. An example of olivine 
sand separation is given in Table 5. This separation 
was made on new dry olivine sand free of bond. 

The resulting separations give an ideal sand: grain 
distribution in the selected ranges. The selection of 
the sizing terms used in the table arise from operat- 
ing features of the separator equipment. Size and 
grain distribution obtained in the pull category have 
been placed on the non-ferrous floor with gratifying 
results. The sand molds readily and casting quality 
is excellent. Casting surfaces of degree of excellence 
that can be measured in micro-inches are now being 
produced regularly in aluminum alloys by the 
students. 












562 


The satisfactory results obtained with the separator 
equipment have led to processing all heap sand. The 
fines have been worked into the non-ferrous heaps 
and a classification for gray iron has been established. 
With this new classification of grain size and distribu- 
tion of the iron sand in use, superior results are now 
at hand. These results strongly indicate that pr 
vious difficulties encountered with rough casting sur- 
faces and tough adherent scale resulted from an in- 
correct grain size and distribution. Olivine molding 
sand aggregates, because of their grain geometry, are 
apparently more sensitive in the choice of size and 
distribution than is the case with spherical grains. 
Special attention in this matter will be conducive t 
splendid casting results. 


Correlary Applications for Olivine 


C-Molds: The results of the investigations indicate 
that olivine grains can be made available in an ex- 
tremely wide range of sizes. The smaller sizes have 
proved to be splendid base sand for shell or C-process 
molds. This is a development of significance since 
olivine in fine grain sizes will cause little concern 
from a hygienic standpoint. Quality of casting sur- 
faces from shell molds produced in this foundry is 
competitive to surfaces obtained by some of the pre- 
cision casting methods. There are advantages of shell 
over precision castings in some categories. The rela- 
tive cost of making a casting by these processes is a 
matter for management to decide in relation to in- 
dividual foundry operations. 

Cores: Olivine as a sand for baked cores has not 
been examined closely in the research program. Oli- 
vine cores have been used exclusively since it is desir- 
able to eliminate all possible sources of heap con- 
tamination. The cores have a high green strength, a 
condition that is traceable to grain shape, size, and 
distribution. It was necessary to increase the amount 
of binder over usual practice in order to develop 
satisfactory dry strength. No examination has been 
made to find a remedy. It may be necessary to ap- 
proach olivine dry sand core production from a fresh 
viewpoint since available knowledge applies primarily 
to silica-based-core mixtures. The cores used have per- 
formed satisfactorily in both gray iron and non-fer- 
rous operations. Some of these were placed in the 
“as-baked” conditions. In other instances a core wash 
of graphite or olivine base was employed. No study 
has been made of fusion problems although some 
difficulties of this nature have been reported in steel 
castings in a Norwegian foundry. There is no infor- 
mation at hand to indicate whether casting design or 
olivine core processing caused this difficulty. 

Related Applications: With all silica sand removed 
from the foundry, olivine was used in ladle linings. 
This change-over has worked out satisfactorily, al- 
though there is, as yet, no experience with steel oper- 
ation. Cupola spout lining has also been made with 
olivine aggregate. 
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Summary 

The research reported in this paper has all been o 
an experimental nature. There is, as yet, no commer 
cial olivine producer in this area. Olivine was de 
livered in 14-mesh size and required further crush 
ing at the University. The resultant aggregate con 
stituted a wide grain size and distribution. A com 
mercial source capable of supplying olivine in grai1 
size and distribution suited to a specific foundry re 
quirement would be important to olivine adoption. 

A vast amount of testing has been done by A. M 
Nelson and reported in his graduate thesis, “Olivin: 
for Foundry Sand.” In the research program morc 
than 600 mechanical tests have been made on 66 dif 
ferent olivine sand aggregate mixtures. Some of thx 
results of the experimental work have previously been 
published by Schaller and Snyder™ and by Schallei 
and Nelson.!° A further investigation, “Experiments 
with Surface Tension Bonds,” by Prof. W. A. Snyde1 
will be published in an early issue of AMERICAN 
FOUNDRYMAN. The knowledge gained during this ex 
perimental program indicates the potential of olivine 
sand aggregate as satisfactory for gray iron and non 
ferrous operation. While some steel castings hav 
been poured, there is insufficient information to war- 
rant any definite conclusions. 
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DISCUSSION 


Chairman: C. C. SiGERFOos, Michigan State College, East Lan- 
sing, Mich. 

Co-Chairman: V. M. Rowett, Archer-Daniels-Midland Co., 
Cleveland. 

Recorder: F. P. GOETTMAN, Standard Sand Co., Grand Haven, 
Mich. 

Co-CHAIRMAN ROWELL: We did some laboratory research on 
olivine (GFN 41) for cores and found it to result in weaker 
cores. 

Mr. SCHALLER: It is quite possible that more encouraging re- 
sults would be obtained with a different grain size. We have 
found a great improvement in casting finish by changing grain 
size. 








VENTILATION AT NON-FERROUS 
MELTING AND POURING OPERATIONS 


By 
Herbert J. Weber* 


Some reasons why ventilation of furnace and pouring opera- 
tions is essential are presented. These are based on experiences 
with litigation cases, with occupational disease such as lead 
poisoning, and with labor relations. 

The incidence of lead poisoning founded on experimental 
studies of the solubility of lead oxide in body fluids is briefly 
treated in its relationship to melting and pouring operations as 
compared to others. 

Atmospheric concentrations of lead characteristic of these opera- 
tions are reported on the basis of actual analyses of numerous air 
samples collected at the breathing zone of foundry workers. 

Costs, practical applications, and deficiencies of typical exhaust 
ventilation for melting and pouring operations are described and 
illustrated by photographs of equipment in actual operation. 

The results obtained so far indicate that a favorable solution 
of the problem has been found. 

The examples given herewith of methods of exhausting typical 
non-ferrous pouring and melting operations have been found 
effective and practical. They are relatively cheap measured in 
terms of the factors pointed out previously in this paper. 


= In treating a topic of this type, if the author were a 
foundry manager, he would first want to know why it 
was necessary to ventilate melting and pouring opera- 
tions, whether the plant can afford ventilation, and 
what proposed methods were practical for his partic- 
ular operation. 

There are several reasons why these operations 
should be exhausted. First of all, there is the selfish 
one of protecting oneself against financial losses due to 
awards made in cases of compensation. A single $5,000 
award plus the cost of litigation can pay for a lot of 
ventilation. During the many times the author has 
testified in such cases, he has found that the chances 
of winning are far greater if a process is ventilated. If 
one has no ventilation or exhaust hoods, it is very diffi- 
cult to prove that the claimant was not severely ex- 
posed to toxic fumes even though, for example, his 
blood and urinary lead level were within normal limits. 


A Typical Case 


Not long ago a certain man died of uremic poison- 
ing. When he first became ill his family physcian was 
called in and he diagnosed the case as lead intoxica- 
tion because the man worked in a brass foundry. He 
was taken to a local hospital and the physician’s diag- 


* Chief Industrial Hygienist, American Brake Shoe Co., Chi- 
cago. 
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nosis was entered in the record. Later the patient be- 
came comatose because of his kidney condition and he 
was transferred to the veterans’ hospital where he died. 

The death certificate stated that the primary cause 
of death was uremic poisoning and the contributory 
cause lead poisoning. 

The company lost this case before the referee and 
an award was granted for $5,000.00. On appeal the de- 
cision was reversed because it was possible to demon- 
strate that atmospheric exposure to lead was safe as 
proved by air samples and by blood and urine analyses 
for lead over a period of many years. 

Then too, there is another cogent reason for venti- 
lating. State agencies are requiring it in their health 
and safety codes and one will be forced to exhaust 
melting and pouring operations anyway, perhaps at a 
time when the budget would be very strained to do so. 

It is far better for industry to take the initiative in 
this matter and to do the job gradually as funds per- 
mit rather than to procrastinate until intolerable laws 
put the smaller operator, at least, out of business. 

If this seems to be exaggerated, the author merely 
states in passing that smog control ordinances are be- 
coming so strict that he doubts if the small operator 
can stay in business. To get a permit to build a found- 
ry in Los Angeles County, you would need to install a 
collector on the cupola. One guaranteed to meet the 
Smog Control Ordinance will cost between $60,000 
and $80,000, and the anticipated annual maintenance 
cost for filter replacement is $12,000 for a single cupola 

It may be of further interest to mention that claims 
for occupational loss of hearing are springing up all 
around us much like the old silicosis cases, and the 
average claim paid in New York State amounts to 
$4,000 per case. 

Thus we can look for more stringent health and 
safety codes, not a relaxation of the present ones, and 
it behooves the industry to take care of its own prob- 
lems of ventilation in a practical manner now so as 
to avert passage of intolerable codes later. 

There is also the intangible reason for installing 
ventilation—the personnel one. It is hard to measure 
this in dollars but it is becoming increasingly difficult 
to attract good men to the foundry. 

After we installed exhuast hoods and ventilating 
systems in our foundries, we received many expres- 











Fig. 1... Crucible is shown here without any cover. 


sions of appreciation from our men and some of them 
told the author it was the best thing the company ever 
did for them. A satisfied employee will usually give 
a dollar’s worth of work for a dollar. The very fact 
that one installs an exhaust hood is proof to him 
that management has his interest and well being at 
heart. 

Finally there is the most important reason for in- 
stalling exhaust ventilation—the moral one. When a 
man comes to us free of occupational disease, it is our 
moral responsibility to him to see to it that when 
he leaves our employment he does so just as symptom- 
free as when he came to us. 

It is economically unsound to lose a skilled man or 
to have him off sick because of occupational disease 
even though he does not file a claim; and it is unjust 
to him since he and his family suffer an economic loss 
and physical pain. We are in fact punishing a good 
loyal employee by not protecting his health. 

If we had the money, we could replace every furnace, 
cupola, or machine we have; but we cannot so readily 
replace skilled talent because it is not as available as 
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Fig. 2... Crucible with cover. Note absence of fume. 


machines. The industry has a tremendous investment 
in its people. It takes years to make a first class molder 
or melter and we are foolish indeed if we do not pro- 
tect his health and keep him on the job. 

These men cannot be kept free of occupational 
disease unless melting and pouring operations are 
ventilated, for the simple reason that the fumes gen- 
erated by these prccesses are toxic. 

Most non-ferrous work involves the melting of cop- 
per, tin, manganese, zinc, aluminum and lead. There 
are certainly others such as silver, cadmium, and so 
forth. In the author’s experience, lead is the principal 
and most toxic one. It is capable of producing both 
the acute and chronic forms of lead intoxication; it 
is cumulative, especially where there is pre-existing 
kidney impairment; and it can cause permanent dam- 
age to the body. 

In our experience, concentrations of lead below 1.5 
milligrams per 10 cubic meters of air are safe for all 
persons during a lifetime of exposure. Atmespheric 
concentrations up to 3.0 milligrams per 10 cubic 
meters of air are safe for all but susceptible persons. 





Fig. 3... Fume-diverting ell is bolted to tripod. 


Fig. 4...Same ell hung on pivot in pour-off position. 
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Fig. 5... Ell here is shown in the melting position. 


Concentrations much in excess of 3.0 milligrams may 
produce episodes of lead poisoning in any person. 
When one considers that a milligram is equal to 
1/2500th of an ounce, it can be understood that we 
are dealing here with minute amounts of lead. 

Melting and pouring operations are far more hazard- 
ous than machining or cleaning jobs for two reasons. 
First the particle size of lead fume is one-half micron 
and less. Secondly, the fume is evolved as lead oxide 
which is very soluble in body fluids. Thus the particle 
is so small that it is not strained out by the filtering 
action of the respiratory tract, and the size and solubil- 
ity product are conducive to rapid absorption into 
the body. 

The particle size in machining and cleaning opera- 
tions ranges from 1% to about 100 and averages about 
12 microns. Further, the lead is present as elemental 
lead which is not as soluble as lead oxide. 

In a study which we made over a five-year period 
some time ago we found some interesting facts. The 
men in the machine shop were exposed to an average 
atmospheric concentration of lead dust of 4.90 milli- 
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Hood over pouring area used with monorail. 





Fig. 8... Note position of hood as ladle grows empty. 























Fig. 6... Fume baffle suspended on overhead rail. 


grams per 10 cubic meters of air, and the men in the 
furnace bay were exposed during the same period to 
4.95 milligrams. Here, intensity and duration of ex- 
posure were practically identical. The differences in 
chemical composition and particle size were as pre- 
viously mentioned. However, the percentage of men 
in the furnace bay who suffered episodes of lead intox- 
ication was 57 while in the machine shop only 2.8 per 
cent of the men had episodes. 

These facts indicate that a program of hygienic 
control should begin with the ventilation of melting 
and pouring operations, and answer the question why 
it is necessary to control the fume here. 

Can the plant afford to ventilate? The author does 
not think it can afford not to, if management's think- 
ing is long range and if it intends to stay in business. 
If the program of control is done gradually by start- 
ing with the worst offender, the cost is not too burden- 
some. Then there are minor things which the plant 
can do with little or no cost. 

If we consider that the ventilating of melting and 
pouring operations is an air problem and not a fume 
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Fig. 9... Hood over cupola spout. There are no fumes. 


problem we have the clue to some simple remedies. 
How does lead fume get from the crucible, for ex- 
ample, to a point some 20 ft away? Obviously some 
kinetic energy is imparted to it by the vapor pressure 
above the molten metal, but this would not transport 
it very far in a vacuum. However, air currents caused 
by rising heated air and cross drafts act as convectors 
for the fume. Now if these convectors can be stopped 
or controlled we can prevent dispersal of fume. 

In transporting a crucible of molten metal from 
one end of a bay to the other the man at the tail 
end of the bale is in constant exposure to high con- 
centrations of lead fume. This is true also of a lift 
truck operator who transports crucibles to pouring 
Stations. 

By simply covering the crucible with a garbage can 
type of cover, we reduced the concentration of lead 
from 44.6 mg per 10 cubic meters of air to 2.5 mg. 
These covers can be made by the maintenance man. 

Figure 1 shows a crucible without the cover and 
Fig. 2 shows one with the cover secured in position. 
By placing a steel lid over the pouring spout of a 





Fig. 11 ... Hood over a furnace in melting position. 
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Fig. 10... Effect when exhaust fan is turned off. 


reverberatory furnace during melting, contamination 
at the breathing level from this source can be almost 
entirely eliminated. The cost of this protective lid is 
negligible. 

If bottom pouring is practical in your operation, a 
crucible or ladle can be kept covered and the amount 
of fume given off is only a fraction of that produced 
by the conventional method. 

Mention was made previously of controlling air 
currents. Barrel furnaces discharge fume directly into 
the breathing zone. To baffle this fume above the 
breathing zone where it could be removed by over- 
head ventilators we formerly used a diverting ell as 
shown in Fig. 3. The ell was bolted to a tripod on 
casters and moved into position during melting. It was 
so cumbersome, however, that frequently the men 
failed to use it. We then installed it on a pivot which 
made it possible to swing the ell in and out of posi- 
tion very easily. This is shown in Figs. 4 and 5. This 
type of baffle clogs with slag and unless kept clear, 
it does little good. As a result we designed the baffle 
shown in Fig. 6 which can be hung on an overhead 





Fig. 12 ... Hood over furnace with an ungapped stack. | 
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monorail as shown or on a pivot. The total cost 
of one gravity hood and baffle shown in the figure 
was $1,000. 

In production foundries where a monorail can be 
used a simple hood (Fig. 7) over the pouring area is 
effective. But in jobbing work or where overhead 
cranes are used, hoods are not always practical. For 
this type of operation we have developed a simple 
hood fitted to the bale and connected by flexible 
tubing to an overhead exhaust fan which is attached 
to the crane bridge. This installation blows the fume 
to overhead ventilators which discharge it to the out- 
side; it reduced the exposure of the pouring crew 
65 per cent; and it keeps contamination from reach- 
ing the molding areas. The total cost was $300. Fig- 
ure 8 shows the degree of fume reduction produced by 
a ladle exhausted in this way. 


Cupola Can Also Contaminate 


Another source of great contamination is the cupola, 
especially during tapping. We have found concen- 
trations of atmospheric lead well in excess of 20 milli- 
grams per 10 cubic meters of air in the tapping areas 
of cupolas. This is a very severe exposure. By means 
of a simple hood over the spout shown in Fig. 9, we 
were able to reduce the atmospheric lead to a con- 
centration in the region of 1.4 milligrams per 10 
cubic meters of air—a safe exposure. The cost of this 
type of hood was $1200. One case of lead poisoning 
could easily cost as much. The hood is effective, in- 
expensive, and does not interfere with operation. 
Furthermore it does not remove a large volume of 
warm air, which becomes a factor with all exhaust 
equipment moving large volumes of air especially in 
the winter time. Figure 10 shows the effect produced 
when the exhaust fan is turned off. 

General roof ventilation in the long run is the most 
expensive and least effective kind. It generally removes 
fume after it has been breathed by the workmen. It 
does serve a good purpose however in that it keeps the 
general atmosphere diluted, but it does not guarantee 
that worker A or B is in a safe environmnt. It is more 
applicable where the contaminant is principally smoke 
or some other physiologically inert substance. In non- 


Fig. 13. ..Note cover on pouring spout, lack of fume. 
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ferrous foundries where the fume is apt to be toxic, it 
should be used as an adjunct to local exhaust ventila- 
tion, not as a substitute. 

Some codes specify that a foundry should have 20 
air changes per hour. This is misleading for non- 
ferrous melting and pouring bays since the air-change 
cannot easily be distributed in a uniform manner. 

In one of our melting bays, we had eighteen 18,000- 
cfm ventilators in the roof. This is equal to exhaust- 
ing 19,440,000 cu ft of air per hour and is equivalent 
to 56 air changes per hour. Yet the average concentra- 
tion of lead was in the order of 12 milligrams per 10 
cubic meters of air. By means of the hoods with grav- 
ity stacks shown in Figs. 11, 12 and 13 we reduced the 
concentration to 2.5 milligrams of lead per 10 cubic 
meters of air. The costs of these hoods were $1,600, 
$1,000 and $900 respectively. 

One problem we have had with power ventilators 
is in trying to convince workmen that if they open the 
windows in the monitor they merely short circuit the 
exhaust so that little contaminated air is moved from 
the breathing zone. In one test we collected air samples 
at various work stations with all the monitor windows 
closed. We then collected air samples at the identical 
stations with all of the monitor windows open. In both 
cases, the power ventilators in the roof were operating. 
We found a reduction of 31 per cent in the atmospher- 
ic contamination at the breathing zone when the 
windows were closed. This is a very important fact to 
bear in mind if the furnace and pouring bays are ex- 
hausted by power ventilators. 


Use of Floor Gratings 

A very effective way of exhausting a furnace bay is 
shown in Figs. 14, 15 and 16. For this particular bay, 
fume from the furnaces is directed upward by means 
of baffles into the gravity hoods (Fig. 14). Fresh out- 
side air is introduced through the floor gratings be- 
tween each furnace (Fig. 15) at the rate of 60,000 cfm, 
and overhead ventilators exhausting at the rate of 
100,400 cfm keep the bay under vacuum and remove 
any traces of fume escaping from hoods, ladles, etc. In 
addition, the charging floor is completely walled off to 
protect the charging crew, and furnaces are charged by 





Fig. 14...Gravity stack and baffles in furnace bay. 
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Fig. 15... The floor grating admits fresh air here. 


means of chutes (Fig. 16) projecting in the furnace 
doors proper. 

The concentration of lead in air in the bay itself 
ranges from 0.3 to 1.9 and averages 1.0 milligrams per 
10 cubic meters. On the charging floor, atmospheric 
lead ranges from 0.4 to 1.1 and averages 0.7 milligrams 
per 10 cubic meters of air. These are safe values, and 
we have no cases of lead intoxication in this very haz- 
ardous department. 

Referring to a previous statement that fume control 
is really a problem in air control, we followed that 
principle in designing this particular bay. 

1. We prevent fume from being carried to the charg- 
ing floor by walling it off from the bay. This stops the 
convecting air currents from reaching that area. 

2. We control the hot convecting gases issuing from 
the furnaces by baffling them upward above the 
breathing level into gravity stacks. 

3. We introduce fresh outside air to serve as a con- 
vector and diluent for those fumes escaping the hoods 
or rising from ladles during skimming and pour off. 

4. We protect areas outside of the bay by keeping it 
under vacuum so that the relatively clean air from the 
molding areas travels toward the bay. 

The writer does not believe a furnace bay can be 
effectively exhausted by overhead ventilators alone un- 
less the furnaces are raised to a height by hydraulic 
elevators so that the pouring spouts during melting 
will be about 10 ft above the floor in a low bay—say 25 
ft at the peak. 

Even the reverberatory type of furnace and the 
kettle type (examples of which are shown in Fig. 17 
and 18) which discharge fume well above the breathing 
level, in the experienec of our company, require local 
exhaust hoods. 

Pit furnaces or crucible furnaces, as they are often 
called, are a source of severe exposure to toxic fumes 
in the melting department. Somtimes it is impractical 
to use monorail cranes for removing the crucibles from 
the furnaces so that the more flexible conventional 
overhead crane may be required which may preclude 
the use of local exhaust hoods. We were confronted 


Fig. 16... Charging floor of bay shown in Fig. 14. 


with this problem and solved it in the following way 
(see Fig. 19 for details). 

The floor directly in front of the furnaces was re- 
moved and an air tunnel installed. The tunnel was 
covered with a steel grating as shown in the figure. 
Baffle plates were suspended at experimental inter- 
vals below the grating to get an even distribution of 
air. Cost of the air tunnel was $3,000. 

A fan capable of delivering 25,000 cfm was installed 
at the far end of the tunnel. This fan brought in fresh 
outside air and delivered it uniformly through the 
interstices of the grating. This formed in effect an air 
curtain at the breathing zone of the workmen, and 
effectively diluted the fumes to safe concentrations. 
Overhead ventilators removed the contaminant from 
the building. 

The observed effects were: 

1. The fume was blown away from the men and up- 
ward. This can be seen to a small degree in the figure 
by observing the slight deflection of the flames toward 
the wall. 

2. The cooling effect of the cold air on the men 
made the atmosphere more comfortable. 

3. The installation introduced no heating problem, 
since the overhead ventilators did not remove inten- 
tionally heated air but cold outside air. 

4. The system offered absolutely no interference 
with operations, overhead cranes, or production. 

Air samples were collected along the floor grating 
at the breathing level of the workmen, with the air 
curtain turned off and with it in operation. The 
samples were collected at the foreground end, the 
center, and the background end of the grating. The 
results are as follows: 








Location Atmosphere Conc. of Percentage of 
of Sample PbO, mg/10 cm, Reduction in 
Station Air off Air on Concentration 
Front 5.5 1.7 69.0 
Center 7.5 0.7 90.0 
Back 5.1 0.6 88.0 
Average 6.0 1.0 83.0 
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Fig. 17 (above)... Reverberatory fur- 
nace with a gravity stack. Notice flame 
discharging into the stack. 


Fig. 18 (above right) ... Gravity stack 
for kettle-type furnace. Local exhaust 
hoods are generally needed even 
though the fumes are discharged above 
the breathing level. 


Fig. 19 (below right) . . . Air tunnel 
in front of this row of crucible fur- 
naces was built at a cost of $3000. It 
delivers 25,000 cfm of fresh air to the 
workers in this area. 


Fig. 20 (below) . . . Hood over bank 
of pit furnaces. Note effective removal 
of all fumes here. 











AIR FURNACE REFRACTORY PRACTICE 
IN CUPOLA-AIR FURNACE DUPLEXING 


By 


William C. Corbeau* 


ABSTRACT 


In this paper the author presents air furnace dimensions, the 
manner in which bottom and side walls are laid, refractories 
used, data on refractory consumption, repair schedule, provi- 
sions for metal removal should the furnace bottom come up, a 
discussion of various repair methods, changes in practice over 
the years, and recommendations for design changes in new 
furnace construction. 


The Cleveland Works of the company with which 
the author is associated employs the cupola-air fur- 
nace duplex melting unit in the production of mal- 
leable cast iron. The melting equipment consists of 
two cupolas and two air furnaces. The daily melt is 
between 500 and 600 tons for two 8-hr shifts in the 
foundry. 

The two 120-in. cupolas are lined to 82 in. at the 
tuyeres and are operated on alternate days. The two 
air furnaces are alternated on a 3-day cycle, i.e., one 
furnace is operated on three consecutive foundry 
operating days; the other furnace follows a like period 
of operation. The furnace repair is done in the 3- 
day period the furnace is down. 

The air furnaces and a central stack are aligned 
upon a common centerline. Two dampers, one at 
each stack opening, are open or closed depending 
upon the furnace in use. A suction fan connected 
to a waste heat boiler draws the gases through a 
breeching attached to the side of the stack. If it is 
desired, the furnace may be operated on natural stack 
draft by raising a damper on the top of the stack. In 
either case the furnace operator controls the furnace 
draft which is held to zero at the skim door. 

The cupolas are in a line parallel to the air fur- 
naces and equidistant from the center of the air fur- 
nace stack. An “X” runner layout provides for the 
flow of metal from either cupola to either furnace. 

The temperature of the cupola metal is 2700 F 
(1482 C) to 2740 F (1504 C), and the furnace metal 
at the tap spout is 2800 F (1538 C) to 2830 F (1554 C). 

The normal metal content of the air furnace is be- 
tween 30 and 35 tons. The capacity is 40 tons. 





* Melting Superintendent, Cleveland Works, National Mal- 
leable & Steel Castings Co., Cleveland. 
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Pea sized pocohontas coal, prepared in a unit pul 
verizer, is used for fuel. A single water-cooled coal 
burner is set with its centerline at 5 degrees to the 
horizontal and at such an elevation that a projection 
of its centerline would strike the surface of the bath 
opposite the tap holes. Two low-pressure oil burners, 
mounted one on each side of the coal burner, are 
stand-by equipment. 

The air furnaces were built in 1930. Since then 
they have been raised 3 ft 10 in. They are constructed 
solidly from the ground up as opposed to the now 
common air-cooled bottoms. 

The bath measures 7 ft 6 in. in width by 42 ft in 
length. From the burner wall to the tap holes is 12 
ft. The furnace bottom, on the centerline, from a 
point opposite the tap holes, rises 3 in. to the burner 
wall and 3 in, to the front of the bridge wall, and 
drops 2 in. to the bottom of the lower tap hole. The 
transverse section of the bottom is an inverted arch 
having a depth of 4 in. The skim door sill is 10 in. 
and the bridge wall is 13 in. above the low point on 
the centerline. 

Three tap blocks are set in triangular pattern with 
the center of the two outer blocks 2.5 in. above the 
center of the lower block. The metal depth at the 
lower tap hole is 11 in. (maximum, 12 in.). 


Method of Bonding Joints 


The furnace bottom consists of a series of rings 
(arcs) of superduty clay brick laid on end over a 4.5 
in. sub-bottom. Each ring is carried to the 414 in. 
jacket course, at which point it is wedged. All joints 
are dipped in air setting, high temperature bonding 
mortar supplied by the brick manufacturer. All bricks 
used in the furnace are of the standard 9-in. sizes in 
the 214-in. series. In the bottom the majority of the 
bricks are 9 in. straights and No. 1 wedges in the 
ratio of 6 to 1. 

The side wall inside the jacket course rests on the 
ends of the bottom. The first four courses of side 
wall are of superduty brick. The first three courses 
are of bonded construction to form a 13.5 in. thick 
wall. The fourth course, formed by a soap and a 
header, is 11.25 in. thick. The balance of the wall is 
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9 in. thick, and composed of high duty Kentucky clay 
brick. The top line of the side wall is a straight line 
having a fall of 24 in. from the burner wall to the 
stack. The distance between the bottom, on a center- 
line opposite the tap holes, and the top of the side 
wall is 45 in. 

The roof is constructed of a series of 42 bungs 
having a rise of 12 in. The bungs are lined with 1314 
in. No. 101 and No. 105 standard bung brick made of 
Missouri clay. A mix consisting of ganister, fireclay 
and goulac, to which sufficient water has been added 
to make it workable, is prepared in a wet pan mill 
and used for a seal where the bung rests on the side 
wall, for the joints between the bungs, and for lining 
the furnace runners and spouts. 

The bottom repair is made in three sections: (1) 
burner wall to bung 15; (2) bung 16 to bung 25; and 
(3) bung 26 to bridge wall. 

Usually 12 days’ production, or four periods of 
three foundry days each, are run over each section of 
the bottom before it is replaced. Only one section is 
repaired in a repair period. In one of the repair 
periods no bottom is replaced. In each repair period 
tap blocks and the section of wall over the tap blocks 
are replaced. In our practice full rings of bottom 
brick are replaced, never a part of a ring. 

It is the author’s opinion that too much care and 
attention cannot be given to the furnace repair. There 
must be good workmanship and close supervision. For 
that reason the furnace repair is assigned to the mason 
foreman. His group, which includes furnace masons 
and mason laborers, removes the old brick work, re- 
pairs the furnace bottom, walls, neck, arch and stack, 
and relines the bungs. Placing and sealing the bungs, 
repairing the runners and spouts, and the weekly re- 
moval of the slag and ash from the stack is done by 
the furnace men. 

Operators of duplex air furnaces know how dis- 
heartening it is to see the bottom floating on the 
metal. In anticipation of such a condition and as an 


Below—(left) View of Cupola and air furnace. Air fur- 

nace stack is shown in center background; (right) Trough 

constructed in front of furnace is used to drain metal in 
emergencies. 
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AIR FURNACE REPAIR DATA 
Bottom Brick (includes lower 4 courses of side wall) id 
1946-1950, incl. Melt, 530,476 tons 1.31 bricks/ton* 
Dec. 16, 1950- 


Sept. 27, 1951 Melt, 90,118 tons 1.296 bricks/ton* 


Side Wall Brick (includes burner wall and neck) 
Dec. 16, 1950- 


Sept. 27, 1951 Melt, 90,118 tons 0.863 bricks /ton* 


Bung Brick 
Dec. 16, 1950- 


Sept. 27, 1951 Melt, 90,118 tons 0.250 bricks/ton 


Labor 
Dec. 16, 1950- 
Sept. 27, 1951 Melt, 90,118 tons 


0.154 hr/ton—Mason 
0.014 hr/ton—Melt. 
0.168 hr/ton—Total 

* Each split, soap, wedge, straight, etc., used is considered as 
one brick in the computations. 





aid in expediting the repair work after it occurs, we 
have located drain holes on one side of the furnace 
at the level of the sub-bottom at about 5 ft. intervals. 

Should the bottom come up, the drain hole is 
burned through opposite the pool of metal and the 
metal is drained into a trough constructed parallel 
to the two furnaces. This trough also serves to take 
the metal should there be a breakout through the 
bridge wall into the stack. Thus, the delay encount- 
ered in removing the salamander from the furnace is 
avoided. The metal in the trough can be reduced to 
readily removable small chunks by slicing it with a 
bar just before it solidifies. 

Many furnace operators wedge the furnace bottom 
between the side walls with good results. We believe 
it to be better construction to carry the bottom under 
the side wall and wedge it to the jacket course. Thus, 
with a good tight job of brick work in the arch, with 
the ends wedged to the jacket course and the weight 
of the side wall holding it down, there is little chance 
of the bottom rising. 

Some believe that economy lies in using the large 
9-in. brick in the bottom because there are fewer 
bricks to lay, fewer joints and less labor required. The 
lower unit cost of the regular 9 in. straight and its 
greater uniformity have kept it in our favor. Actually, 
no labor saving was found with large 9-in. brick. 

Many lay the brick dry in the bottom and, when 
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finished, brush fine silica sand or clay wash into the 
joints. The author prefers the dipped brick joint 
because the brick stays where set and a bond along 
the entire joint is made. The finished surface is also 
brushed with high-temperature cement. 

In this plant the superduty brick have been used 
in the air-furnace bottoms .since 1946. From 1931 to 
1946 the 60 per cent high-alumina brick was used. 
Because of some bottom failures with this brick and 
the reported success of one of our plants in using the 
lower cost superduty brick (in air-cooled bottoms) , 
it was thought advisable to try them. The results 
were so satisfactory that the practice was continued. 
In one furnace the superduty brick from one manu- 
facturer are used, and in the other furnace the super- 
duty brick from another manufacturer are used with 
equally good results. 

The bung brick are from one source and the side- 
wall brick from another source. 


Revise Construction Details 


In 1930 when the plant ventured into cupola-air 
furnace duplexing there was little information to be 
had from the experience of others. It was natural to 
continue much of the batch type, hand-fired air 
furnace practice such as wind bung for top air, camel- 
type back roof, rammed tap holes and sand bottom. 

In the beginning all of the above were included 
with the exception of the sand bottom. Later it was 
learned that the wind bung could be eliminated with 
a saving on maintenance. The additional top air 
through the wind bung created a turbulence which 
was hard on the side walls and bungs. The camel- 
type roof caused the bungs to burn unevenly. The 
straight-line roof as adopted proved to be much more 
economical both in increased bung life and in labor 
setting the bungs. 

The change from rammed tap holes to the use of 
tap blocks was by far the most important factor. 
Without the tap blocks the daily long periods of high 
tonnage could not be maintained. Having had ex- 
perience with brick bottoms in the electric furnaces, 
triplex melting, it was decided to use brick bottoms 
in the air furnaces. The plant was fortunate in hav- 
ing the guidance of a mason foreman who had had 
much experience. It is to him and the brick manu- 
facturers who worked with us that credit is given for 
the success we have had in duplex air furnace re- 
fractory. practice. 


Conclusion 

If new duplex air furnaces were to be installed, it 
is believed that most of the present practice would 
be continued, with the inclusion of the following 
changes in design: 

(1) The air furnace bath would be widened be- 
tween 12 in. and 15 in. for better heat efficiency; 

(2) The air furnace would have an air-cooled or 
ventilated bottom for economy in bottom brick; 

(3) The common stack would be divided at the 
base so that the slag and ash removal and repair work 
in the stack could be done at straight-time hours dur- 
ing the week rather than at premium time over the 
week end. 


AIR FURNACE REFRACTORY PRACTI« 





Top—Air furnace section through bottom looking toward 
burner wall before side walls are laid. Center—Section 
through bottom showing side-wall construction. Usually 
side wall is not laid until the bottom has been completed. 
Bottom—Detail of side wall and bottom construction. 
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DISCUSSION 


Chairman: W. G. Ferrect, Auto Specialties Manufacturing 
Co., $.t Joseph, Mich. 

Co-Chairman: Eric WELANDER, John Deere Malleable Works, 
East Moline, Il. 

Recorder: WM. ZreuNtk, National Malleable & Steel Castings 
Co., Indianapolis. 

H. E. Leitckty:' Would vou clarify your statement on draft 
at the skim door opening? 

Mr. CorBeau: The pressure is zero. We use waste heat boil- 
ers so with the exhaust fan we can readily control the draft 
conditions in the furnace. 

Mr. Leickty: Does this improve your carbon control and also 
improve the life of refractories? 

Mr. Corseau: We do not use draft to control carbon but it 
does improve refractory life. 

Co-CHAIRMAN WELANDER: How do you install the rings or 
courses in your furnace bottom? 

Mr. CorspeAu: We work each way from the center and key on 
the shoulder against the jacket course. The center brick in each 
course forms our base line for the bottom slope. 

MembBer: Have you tried water-jacketed sidewalls? 
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Mr. Corseau: No, we have not. 

Mr. LeicKLy: Do you provide for expansion in each course? 

Mr. Corseau: No, we do not. 

R. A. Witscney:? Do you not use high-burned super-duty 
and not regular super-duty brick? 

Mr. Corseau: That is correct. 

Mr. Leickty: Is your cost figure of bungs expressed in terms 
of bungs or 9-in. equivalents? 

Mr. Corseau: It is expressed as bungs. 

L. B. Winincs:* Do you drain the furnace after each heat? 

Mr. Corseau: Yes, we do. 

Mr. Winincs: What kind of brick are used in the sub-bottoms? 

Mr. Corseau: First quality fire clay brick are used. 

Co-CHAIRMAN WELANDER: Do you use any material between 
the sub-bottom and the service bottom? 

Mr. Corseau: Yes, 4 to % in. of ganister-fire clay mix as 
described in the paper. It makes it easier to remove the service 
bottom and protects the sub-bottom. 


‘ Fanner Manufacturing Co., Cleveland. 
* A. P. Green Fire Brick Co., Chicago. 
‘Wagner Malleable Iron Co., Decatur, Ill. 





PATTERNS FOR HIGH PRODUCTION 
MALLEABLE AND STEEL FOUNDRIES 


By 


Joseph M. Kreiner* 


ABSTRACT use. The maintenance of repair parts for these num- 
erous varieties of couplers operating on all the rail 


This paper describes the design, construction and complete . . 
roads in our vast rail system must have been an ap- 


standardization of pattern and corebox equipment for modern, 


high production foundry use. The type of patterns described palling problem. The first standard coupler adopted 
are constructed on interchangeable basis, since at least four in 1916 was called the Type “ED” coupler and it was 
foundries are being supplied with identical patterns. The cast- “ : ‘ : 

supplanted by a new, heavier and improved Type E 


ings made from the patterns must interchange in an assembly 


with castings made in eight different foundries. coupler in 1931. There is now a still more improved 


coupler undergoing service tests. The railroads and 
Introductory manufacturers believe it will go a long way toward 
reducing car derailments and wrecks. This latest de- 
sign of freight car coupler is identified as the Type F 
coupler. During the span of life of any of these 
various standards many improvements are constantly 
being worked into the design by the manufacturers. 
Since interchangeability with all existing equipment 
must be maintained some desirable improvements 
cannot be made as soon as they are recommended but 
must be deferred until a completely new standard 
is to be adopted by the Railroad Association. 

The standard coupler (Fig. 1) is manufactured by 
six foundries in the United States and two in Canada. 
Each of these manufacturers’ supplies complete coup- 
lers as well as repair parts therefor. Wherever these 


This paper describes in detail the design, construc- 
tion and complete standardization of pattern and 
corebox equipment for modern, high production 
foundry use. The scope of the title is so large that 
one standard railroad article has been selected as the 
subject for discussion. 

The device selected is identified as the standard 
“E” freight car coupler of the Association of Ameri- 
can Railroads. Before launching into the main topic 
of the paper, i.e., the foundry equipment, a brief 
description of the device is in order. Also some his- 
torical data as to the adoption of the device as stand- 
ard may be helpful in order that one may appreciate 
the necessity for the pattern standardization program 
that will be outlined. 

The freight car coupler (Fig. 1) is an assembly of 
cast steel and malleable iron parts. Sometimes the 
smaller parts are made as forgings but this is an op- 
tional procedure. This assembly, or, at least, the most 
important part thereof may be seen projecting from 
both ends of all cars operated on railroad lines. The 
coupler connects the cars into continuous trains for 
haulage. It is locked automatically be being bumped 
into the adjacent coupler and must remain locked 
until released by the operator using an uncoupling 
rod attached to the end sill of the car body. That part 
of the coupler that extends into the car underframe is 
connected to a shock absorbing mechanism that de 
creases the impact forces caused by starting and stop 
ping the train. 

The standard freight car coupler was adopted by 
all the railroads in 1916. Previous to this time ove: 
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100 different styles of automatic couplers were in LOCK LIFT 
* Assistant Chief Engineer, Railway Division, National Mal- ° 
leable and Steel Castings Company, Cleveland. Fig. 1—Exploded view of coupler and parts. 
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various assemblies or parts are made they must meet 
all gaging requirements and interchange in any com- 
bination of parts as made by the several other founc' 
ries. In order to insure this interchangeability of 
parts, standard gages are used at each point of manu- 
facture. A complete set of gages consists of 81 separ- 
ate and individual gages. The largest manufacturer 
of the group is charged with the responsibility of 
furnishing one complete set of gages and checking 
masters for each foundry. Complete gage drawings 
are also available and distributed to every manu- 
facturer. With this information all foundries can 
make additional gages and check them for accuracy 
or subsequent wear in service. 

Another set of drawings is maintained showing in 
very elaborate detail the various castings involved in 
the device (Fig. 2). These drawings are also issued, 
through the coupler manufacturers’ Technical Com- 
mittee, to each foundry. All drawings are made to 
full scale and arranged on 18 x 24 sheets. The com- 
plete set of gage drawings number 63 separate sheets 
and the casting details number 50 sheets. 

The yearly requirements of couplers for new car 
construction is large but of course varies to suit cur- 
rent car building programs. The maintenance of 
over one and one half million cars in service also 
requires a considerable quantity of complete couplers 
and repair parts. Maintenance requirements are close- 
ly related to existing business conditions as affecting 
freight shipments. 

A complete coupler weighs 423 lb. The main part 
or body is a Grade B steel casting weighing 312 Ib. 
The knuckle is of a medium manganese H. T. steel 
normalized and tempered, and weighs 76 lb. The 
lock of the same H. T. steel weighs 14 lb. The 
knuckle thrower made in Grade B cast steel or forged 
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weighs 514 lb. The top lifter plug, generally made 
of malleable iron, weighs 3 lb. The top lifter link, 
which may be. forged or cast of steel or malleable 
iron, weighs 2 lb. The same coupler body can also 
be fitted for bottom operation by omitting the top 
operating parts and using a malleable iron lever cast- 
ing weighing 314 lb and a cast or forged toggle 
weighing | lb. The pivot pin which only keeps the 
knuckle from falling out when in open position, is a 
round rolled rod section with an upset head and a 
drilled cotter pin hole. This pin weight is 814 lb. 


This rather prolonged introduction should give one 
a better understanding of the rather involved tech- 
nical procedures necessary to adopt and maintain a 
standard on a vast transportation system. 

In preceding paragraphs the complete detail con- 
struction drawings of the castings parts were ex- 
plained. These drawings form the basis for the be- 
ginning of our pattern work. The General Pattern 
Department of the author’s company starts with these 
drawings and designs and builds suitable wood mas- 
ter pattern equipment, which, as soon as possible, is 
reproduced into metal master patterns. The expense 
of metal master patterns is justified by the fact that 
this master equipment must be available for con- 
stant reproduction for 15 to 20 years. 

The General Pattern Department mentioned above, 
supplies metal working patterns and coreboxes to 
two of the company’s foundries and also to the two 
Canadian foundries. Company policy has been estab- 
lished to insure that all patterns and coreboxes are 
completely interchangeable from one foundry to an- 
other. Economically the standardization is justified 
due to the fact that patterns and coreboxes can be 
made in quantity and stored at the General Pattern 









































Fig. 2—Typical casting 
construction drawing. 
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Fig. 3—Typical pattern 
8 drawing. 











Department until requisitions are placed by any of 
the four foundries being supplied from this source. 
The best of materials and workmanship are insisted 
upon. Accuracy of machine operation is expected to 
be within + 0.002 in. 

The standardization of patterns and coreboxes is 
carried out by means of complete working drawings of 
each individual pattern and corebox. Loose pieces, 
pins, seats, etc., are completely dimensioned. The 
detail drawings (Fig. 3) of the patterns are dimen- 
sioned to include shrinkage allowance. Our several 
reasons for including the shrinkage allowance in the 
dimensioning are as follows: (a) Due to the compli- 
cated internal coring and close gaging requirements 
of as-cast surfaces, we have found through experience 


that several shrinkage allowances are necessary. For 
example, 14 in. per ft shrinkage in length, for the 
coupler body; 4 in. in depth and ly in. in width is 
also used. In addition grinding allowance is also re- 
quired on the joint of the largest cores. (b) Standard 
machine tool measuring instruments and indicators 
may be used as in straight machine work. (c) Adjust- 
ments to patterns to take care of variations from 
standard shrinkage rule allowance are easily arranged 
by recording changes in these drawings. Any changes 
or adjustments of permanent nature, if made at the 
foundry, are immediately reported to Engineering 
Department and incorporated in the standard trac- 
ings. In this way all improvements are automatically 
included in new patterns in stock or being built. 



































Fig. 4—Typical corebox 








drawing. 
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Steel Foundry Pattern Equipment 


The various types of patterns required to produce 
this standard coupler and component parts will now 
be reviewed. The largest part, or body, is cast two 
in a mold and requires eight coreboxes. The patterns 
are cast in a good grade of brass and have a machine 
finish allowance of about 345 in. These patterns are 
completely machined to the pattern drawings. Layout 
and contour templets are used and a model pattern 
is also provided to be used whenever profiling or 
duplicating is desirable. 

Coreboxes are made for hand ramming or blower 
machine operation. The large body box is made of 
cast iron, steel faced on the top surface. Various in- 
serts and loose pieces are made of brass or hardened 
steel (Fig. 4). This box is fitted with trunnions cast 
integral with the box and when in use, is mounted 
into a roll-over type of coremaking machine. The 
aluminum boxes designed for blower machines are 
also machined to size on all the inside surfaces and 
provided with armor on top, as well as sides and 
bottom. The blower holes and vents are applied at 
the foundries. 

The knuckle patterns are also made of cast brass 
and machine finished. The unusually curved surfaces 
on this pattern make it ideally suited for duplicator 
machine finishing. The patterns are mounted either 
four per mold or eight per mold, as desired. After 
sampling and final approval we have found hard 
chromium plating to be a desirable procedure to in- 
crease pattern life. This pattern requires three core- 
boxes which are also designed for blower machine 
operation. They can be supplied in single cavity or 
multiple cavity design to suit various sizes of blow- 
ing machines. These cores are mainly lightening 
cores and the aluminum boxes are cast to size in most 
areas and the machining is restricted to fitting points 
and coreprints. Suitable aluminum coredriers are 
provided. 

The lock is a smaller steel casting and multiple pat- 
terns are required. As many as 14 patterns are 
mounted on one pattern plate. These parts require 
an irregular parting line so we have found the cast 
aluminum type of pattern with cope and drag plate 
incorporating the parting lines to be desirable. These 
patterns are produced by the plaster molding process 
and thus are accurately matched in pairs. The Pat- 
tern Machine Shop simply cleans up each pair of cope 
and drag castings and, by means of indicator lines, 
machines the edges of the plate portion accurately 
to the same external sizes. The bottom surfaces of 
the plates are also cut to produce even plate thick- 
nesses. The foundry that receives a lot of these pat- 
terns has a comparatively simple job to mount and 
match these patterns on the molding pattern plates. 
The two coreboxes required for this casting are con- 
ventional aluminum coreboxes with multiple cavi- 
ties. Here, however, the insides are completely mach- 
ined since they form working holes or slots that are 
closely gaged in the castings. 

The knuckle thrower, while sometimes forged by 
some suppliers, can also be cast of steel. This is also 
made by the General Pattern Department as a cope 
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and drag plate pattern since it has a slightly irregular 
parting. This type of pattern is quite simple since no 
cores are required. The master pattern must be ac- 
curately made, however, because the gaging toler- 
ances are close. This is perhaps the one reason why 
some manufacturers prefer to forge the part. 


Malleable Foundry Pattern Equipment 


Smaller operating parts are made of malleable iron. 
Cast steel or malleable iron are optional materials 
allowed by the specifications but the small size and 
intricacy of the casting indicates that malleable iron 
is the preferred metal. The malleable production pat- 
tern equipment is not unusual in appearance or de- 
sign. Aluminum squeezer plates for snap flask opera- 
tion being used. The coreboxes are of aluminum in 
multiple cavity designs with as much armor as the 
convenient handling of the box will allow. Alum- 
inum coredriers are used where necessary. Here again, 
however, the standardization program is carried to 
the ultimate by having completely detailed drawings 
of the pattern squeezer plates. The pattern is dimen- 
sioned and the spacing of patterns on the plate in- 
dicated on the drawing. The coreboxes are similarly 
drawn in detail to interchange with any plate pattern. 


Conclusion 


We have attempted to describe a pattern manufac- 
turing system that we believe to be remarkable if 
not unique. The standard established practice of 
providing complete construction drawings, includ- 
ing shrinkage allowance, of patterns and coreboxes 
has not been observed in use elsewhere by the writer 
during 30 years with the Foundry Industry. This 
system has much to its credit in economy and accur- 
acy, but, of course, can be justified only in a large 
volume, long extending casting design. The advant- 
ages are several and very important under these con- 
ditions: 

1. Pattern equipment can be completely inter- 
changeable. 

2. Pattern equipment can be economically manu- 
factured in quantity. 

3. Adequate stocks of patterns can be maintained 
for quick expansion or replacement in case of acci- 
dents. 

4. Large expansion can be made quickly since con- 
tract jobbing pattern shops can be utilized to full 
advantage. 

5. Orders for patterns can be spread out with sev- 
eral or many contract pattern shops to expedite de- 
liveries without loss of interchangeability. 

6. Standards of the customers who, in this case, 
include all the railroads in the United States, Canada 
and Mexico, are adhered to and maintained to the 
full extent of a most rigid set of specifications. 
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APPLIED WASTE CONTROL PRINCIPLES 


By 


John R. Walley* 


Waste control—the recognition and elimination of 
wasted time, effort, space, materials, and power—is a 
sound basis on which a foundry-wide cost reduction 
program can be initiated. 

The principles of waste control are simple and few 
in number. Actually, there.are only six steps involved 
in applying waste control: 

(1) Spot a source of waste; (2) record the work 
done; (3) ask questions about the work; (4) write 
down your ideas; (5) get your ideas approved; (6) 
put the new method into effect. 

The first principle of applying waste control is to 
“spot a source of waste.” The beginner who applies 
waste-control principles for the first time encounters 
one big problem, and that is in determining the job 
he is to analyze. This problem is a stumbling block, 
not because there is a scarcity of wasted time, effort, 
space, materials or power, but because there are so 
many sources of waste within the average foundry that 
the beginner has trouble in narrowing his focus down 
to the one problem on which he will work. 

The author suggests that the supervisor or time- 
study man pick any small job at random, such as mak- 
ing a small core, cleaning a small casting or, if he is 
in an indirect department, analyze delivery of pat- 
terns, storage of core boxes or a similar operation. A 
safe rule to apply here is that any job being done in 
the foundry is a possible source of waste until it has 
been analyzed and proved otherwise. The main thing 
is to pick one small job. At this step of the analysis, 
consideration should not be given to whether or not 
the job has a source of waste in it. 


Start on Small Scale 


One pitfall encountered by many who hunt for a 
source of waste is that they want to start applying 
waste control principles on too big a scale. As an 
example, in many foundries, the beginner might want 
to install an overhead sand system, or otherwise solve 
some major problem by a tremendous capital expen- 
diture. Improvements of that type have their place, 
but they are not a part of waste control as it can be 
applied by every management man in the shop. 





* Foundry Specialist, Helmick & Associates, Canton, Ohio. 
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Waste control is a procedure that is to be applied 
day in and day out to eliminate the sources of waste 
right within a supervisor's department, so the first 
principle is to “spot a source of waste” within a small 
operation in that department, or among the many 
jobs that supervisor does himself. 

The second step in applying waste control is to 
“write out the main work elements of the operation 
selected.’’ This simply means to divide the operation 
into a number of separate elements. Each element of 
the operation should be listed in its regular sequence 
as the work is done. The easiest way to handle this is 
to observe the job while it is being done, and write 
down the elements exactly as they are seen. 


Write Down Job Elements 


Many practical operating men shy away from the 
task of writing out steps involved in an operation. 
They prefer to watch a job and, as it is being done, 
take whatever action seems to offer a quick way to 
reduce or eliminate waste. Generally, only a small 
part of the potential savings can be realized in this 
way. 

The very act of writing out separate steps in an 
operation generates ideas. Many foremen state that as 
they observe a job closely enough to break it down 
into a number of separate steps, they immediately 
see sources of waste. This is excellent. It is exactly 
as it should be. However, a note of warning should 
be sounded now. Do not take action on any ideas to 
reduce waste while writing out the eleiments. Wait. 
Go through all six steps of waste control instead. 
Generally, when immediate action is taken only a 
small amount of waste is eliminated, and the balance 
of the operation continues to be performed in the 
same inefficient manner. When all six steps of waste 
control are applied, quite often the entire operatior 
can be improved, not just a small part of it. 

The practice of writing out all steps involved in an 
operation assures that the job is being analyzed in an 
orderly manner, and is almost a guarantee that the 
analysis will result in a saving. 

The third step in applying waste control is the “ask 
questions about the work’’to find a source of waste in 
each work element of the operation being analyzed. 


52-53 





cinta dpeeenieaetiee ee 








J. R. WALLEY 


TaBLe 1—Jop ELEMENTS AND WASTE CONTROL 
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When questioning elements to find a source of 
waste, the first question to ask is “What causes wasted 
time?” This question is asked of each work element. 
Not one element is missed. As the sources of waste are 
located, notes should be made so that they are not 
forgotten. 

After asking ‘““What causes wasted time?”, each ele- 
ment is questioned as to “What causes wasted eftort?’, 
and notes are again taken. This same procedure is 
repeated for the other common causes of waste— 
space, materials and effort. 

Many foremen ask, “What is the difference between 
wasted time and wasted effort?” There is a difference. 
Wasted time means idleness, loafing, or having noth- 
ing to do. Wasted effort means actually doing some- 
thing, but not accomplishing any real work. 

Information is gained by asking questions. Any 
foundryman can apply this set of questions and find 
sources of waste in operations in his department. Us- 
ing questions such as these is a logical and intelligent 
method of attack on the problem of waste. 

After locating the sources of waste something 
should be done about them. The next question to 
ask, then, “Why is it done?” This question frequently 
leads to eliminating the source of waste. This ques- 
tion alone—““Why is it done?” is the greatest single 
known way to eliminate waste. Simply by asking why, 
and answering the question honestly, eliminates so 
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much waste that often operations are not recognizable 
afterward because of changes, and some operations 
may even be eliminated completely. 

As answers to questions are found, it is important 
that all ideas be written down, whether or not they 
seem impractical at the moment. Writing down ideas 
as they occur is the fourth step in applying waste con- 
trol. An impractical idea may suddenly become the 
best one. Anyone who uses this systematic attack on 
waste will get many sound ideas, and writing them 
down is the best way to insure retaining them. 

In applying these waste control principles, most 
effective results can be obtained if a simple form is 
used, such as that shown in Table 1. Space is pro- 
vided on this form for listing the work elements of 
the operation, as well as for ideas to eliminate waste. 

The fifth step in applying waste control principles 
is to obtain approval of the ideas. This step is not 
always necessary if the idea can be put into effect by 
the individual. If the idea involves an expenditure, 
changes inspection requirements, removes a hazard 
from an operation, or requires a worker to perform 
an operation differently, approval generally is neces- 
sary. 

No one likes to change his method of work. Most 
people are prone to go along in the same routine. 
Therefore, the foundryman who applies waste control 
principles is likely to meet some resistance in obtain- 
ing acceptance of his ideas. 


Sell the Idea 


While it is not the intent of this paper to list tech- 
niques of salesmanship, it is vital that the supervisor 
applying waste control principles observe five simple 
but fundamental rules of successful selling: (1) ap- 
proach the proper person cheerfully with the idea; 
(2) get him interested quickly; (3) stress the advan- 
tages of the idea such as cost reduction, labor savings, 
safety; (4) keep asking for a trial of the new idea; 
and (5) persist in the presentation until approval is 
obtained. It goes without saying that the presentation 
should be enthusiastic. 

There is another point of importance in getting 
ideas accepted. Remember to bait the hook to suit 
the fish. Before approaching anyone for approval, 
try to put yourself in his shoes. Visualize the things 
of interest to him in your proposition, then build 
your approach around your idea, keeping in mind 
those points that will appeal to the person you are 
trying to sell. Many sales managers state that the 
prospect makes up his mind to buy or not to buy 
during the first ten words a salesman speaks. After 
developing sound ideas for eliminating wasted time, 
effort, space, materials and power, do not allow your 
efforts to be wasted because of ineffective selling. 

The sixth and final step in applying waste control 
principles is to “put the ideas into effect.” What 
good is it to develop a way to eliminate or reduce 
waste in an operation if it is not made to work? None 
at all. 

Another selling job must be done, when putting 
the idea into effect. The supervisor or time-study man 
usually must get someone to change his way of work- 
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TABLE 2—SUMMARY—WASTE CONTROL PRINCIPLES 





1. Spor A Source OF WASTE: Any operation being done in a 
department is a source of 
waste until it has been ques- 
tioned. 

2. Write Out THE WorK Done: Consider the main steps re- 
quired to complete an opera- 
tion. Writing down the steps 
requires thought and reveals 
sources of waste. 

Question each element. What 
causes waste of time, effort, 
space, materials, power? Why 
is each element done? How 
can this waste be eliminated? 

Assume every idea is sound, un- 
til it is rejected. Do not take 
action until sure the idea is 
sound. 

Talk it over with others. Know 
all the angles to it. Do not 
overlook some minor point 
which may result in an idea 
being rejected. 

6. PuT THE IDEA INTO ErFect: A good idea, worked out, but 

not put into effect, is also 
wasted time and effort. 


3. AsK QUESTIONS ABOUT 
THE WoRK: 


4. WritE Down IDEAs: 


5. GET THE IDEAS APPROVED: 





ing. Rarely can he be persuaded to change without 
at least some resistance. People just are not made 
that way. Again, the idea must be enthusiastically 
presented, so much so that the other person will want 
the advantages pointed out to him. He must feel that 
he will gain by using the proposed method. Only 
when he feels this way will he want to put the idea 
into effect. 

After a new idea is put into effect, the foundryman 
must follow up to see that it remains so. Many good 
systems are installed, procedures changed, operations 
improved, and then after a time the employee on the 
job slips back into the old familiar routine. Do not 
let this happen. Follow up the idea religiously after 
it is put into effect. Make sure that it is carried out 
as planned. 

Supervisors can learn waste control principles in 
three l-hr meetings. At the first meeting the instruc- 
tor should present a well known foundry operation 
and guide the group in applying waste control prin- 
ciples. In this manner the group participates in solv- 
ing an interesting problem, meanwhile learning the 
method of recognizing and eliminating waste. 

A summary of waste control principles should be 
outlined before closing the first session. Each partici- 
pant should be given a copy of the summary (Table 
2). Applications of waste control principles should be 
requested on a volunteer basis for presentation when 
the group meets again. There is no better way to 
learn to reduce costs than by actually working on a 
problem in a systematic manner. It should be ex- 
plained that before the next session the instructor will 
be glad to work with each volunteer on his problem. 

The second meeting on waste control principles 
should emphasize questioning each work step in an 
operation, and the use of the form shown in Table 1 
to note all ideas derived from the questioning. This 
meeting and part of the third meeting should also 
be devoted to a review and discussion of the “projects” 
submitted by the volunteers, to stimulate a practical 
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interest. The remainder of the third meeting should 
include a thorough discussion of the fifth and sixth 
steps in the Principles. 

Waste control will work. The principles outlined 
in this paper get results. Our nation needs output o/ 
foundries more today than at any other time in its 
history. There is no better or simpler way for man 
agement men to increase tonnage per man-hour than 
to eliminate wasted time, effort, space, materials and 
power. 


DISCUSSION 

Chairman: L. W. LeuMAN, John Deere Van Brunt Co., Hori- 
con, Wis. 

Co-Chairman: H. R. WittiaMs, Williams Management Engi- 
neering, Milwaukee. 

GERALD NADLER (Written Discussion):* Mr. Walley’s approach 
to the subject is excellent and can and does result in effective 
methods improvement. 

Perhaps something that can be added to the paper might be 
an elaboration of what is meant by “main steps ... (of) the 
operation.” For example, it is possible to record as the main 
steps of an assembly job as “get parts 1 and 2 and assemble, 
get part 3 and assemble, place on paper, wrap, and aside.” This 
type of breakdown overlooks much waste, whereas a somewhat 
more detailed breakdown would have given the complete picture 
of how the job was performed. 

Time spent on emphasizing the human relations problem was 
especially worthwhile. I do not think that Mr. Walley need 
imply that the parts of his paper on the techniques of salesman- 
ship are not part of work simplification. He has done a rather 
fine job on this aspect and it should be commended along with 
the general tenor and approach of his paper. 

J. I. HoGan (Written Discussion):? Suggestions recommended 
by the author to apply principles of waste control to foundry 
operations are applicable and practical to any foundry. 

The fundamental procedure suggested—to list all elements of 
an operation or procedure of foundry operations is a standard 
practice used in recording the elements of an operation when 
taking a timestudy. 

These foundries using timestudy as a means of determining 
man-hour production measurement will find a wealth of cost 
reduction material already listed in their timestudy files. 

To make an additional recapitulation or spread sheet of these 
observed elements into the values of time, effort, space, material 
and power requirements would provide interesting data for cost 
analysis. Additional selections of these elements which might 
be classified as wasted time, wasted effort, wasted space, wasted 
material and power could easily be made. No search is required 
—-select a timestudy and start an analysis and the results will 
be amazing. 

However, it is the writer’s firm opinion that a most important 
fundamental of successful cost reduction is entirely ignored by 
Mr. Walley. This is the human element in the shop. No 
mention is made or consideration given to “How does the 
proposed change effect other departments and plant operations 
as a whole?” “How will it effect labor relations and earnings of 
the operator?” “How will it effect other people in the super- 
visory group?” These elements are more important than analysis 
of work content in an operation. 

The most important element of any successful cost reduction 
program is leadership and the approval and sanction of executive 
management. Mr. Walley places this important element of “sell 
the idea and get approval” as fifth in the procedure. This 
should be No. 1 on the list. Before consulting the files or mak- 
ing any analysis as suggested by Mr. Walley, the writer believes 
that proper procedure is to sell the idea of a cost analysis pro- 
gram to executive management. Only with such approval and 
sanction can such procedure be successful. 

Furthermore, a shrewd, tactful and experienced man, well 
versed in company policies and shop practice must be appointed 
as a leader. Only with proper leadership can a cost analysis 
program be applicable and practical. Waste contro] will never 
be completed in three easy lessons. 


1 Asst. Prof. of Industrial Engineering, Washington University, St. Louis. 
2 Industrial Engineer, Williams Management Engineering Co., Milwaukee. 
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By 


W. P. Saunders and F. P. Strieter* 


ABSTRACT 

An investigation was conducted on the merits of several zir- 
conium containing materials for alloying this metal to mag- 
nesium. The study included the use of various mixtures con- 
taining ZrCl,, several agents containing ZrF,, various forms of 
metallic zirconium, and some master alloys. In general, it was 
found that several of the above materials were suitable. The use 
of a master alloy containing about 40% zirconium, balance mag- 
nesium, appears to possess many advantages over both metallic 
zirconium and zirconium salts. 


Introduction 


Extreme interest in magnesium alloys containing 
zirconium has stimulated much published work. The 
extent of this work has perhaps resulted in confusion 
regarding methods of alloying zirconium. This paper 
has as its aims the clarification of some of the con- 
fusion concerning alloying agents, and the presenta- 
tion of conclusions which show that each type of 
agent has some use, but that the zirconium chlorides 
and certain master alloys are suitable from a practical 
and economic standpoint. 

Properties of Mg-Zn-Zr alloys, Mg-rare earth metal- 
Zr alloys, and Mg-Zn-rare earth metal-Zr alloys have 
been published by German, American, Canadian, 
and British workers, and a companion paper covering 
properties of the Mg-5Zn-Zr alloy (designated ZK51A 
alloy according to the ASTM system of nomencla- 
ture) is currently being published. 

The experience of many years has been evaluated 
and is described in this report. It deals essentially 
with laboratory-size melts, but much of the work dis- 
cussed here has been successfully used in production 
facilities. 

It has been found that careful but, nevertheless, 
straight-forward techniques are all that are necessary 
for the successful production of these alloys. Since the 
development of proper metal-handling techniques, 
the authors’ company has produced over one-half 
million pounds of magnesium-zirconium alloys made 
via chloride alloying agents. Experience has shown 
no flux problem to exist with the production tech- 
niques and, therefore, a study of flux inclusions was 
not an object of this investigation. 
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The alloying of zirconium to magnesium origin- 
ated in Germany shortly before World War II. These 
investigators alloyed zirconium from ZrCl, or from 
mixtures of chlorides containing ZrCl,. British in- 
vestigators carried on the study of zirconium alloy- 
ing agents, working initially with chloride agents 
and then going over to the fluorides of zirconium 
with or without other salts. 

American and Canadian investigators carried on 
parallel development work during the past 10 years. 
This work was based primarily on the chlorides for 
production operations, but covered also the use of 
fluorides, zirconium metal in various forms, and hard- 
eners of zirconium with other metals. A rather com- 
plete historical development on the alloying of zir- 
conium is included in an appendix to this paper. 
The bibliography includes the references cited in 
the appendix. 


Experimental Procedures 


The materials used in the study of various agents 
for alloying zirconium were: commercial cell mag- 
nesium of 99.8 per cent purity and, in some instances, 
high purity sublimed magnesium; zinc of 99.99 per 
cent purity; commercial mischmetal (50.5 per cent 
Ce, 22.5 per cent La, 18 per cent Nd, 6.5 per cent Pr, 
and 2.5 per cent other rare earth metals and impuri- 
ties); commercially available zirconium materials; and 
laboratory developed zirconium materials. 

Because of the higher maintenance and operating 
costs involved at high temperatures and the increased 
solubility of iron in magnesium at temperatures above 
1400 F, most alloying work reported here was at 
about 1400 F. All results shown herein, unless stated 
otherwise, are those obtained at 1400 F. Some melts 
required higher temperatures during the alloying op- 
erations, e.g., >1700 F, but in all cases the final an- 
alyses were obtained after lowering the temperature 
to 1400 F. 

The greater part of this work was done with stand- 
ard steel crucibles, steel] tools, and steel thermocouple 
protection tubes. In certain instances, clay-graphite 
crucibles and graphite tools were used. 

Most melts were of 10-20-lb size, although a few 
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melts as low as 1000 grams and as high as 500-lb were 
made. 

Most of the melts were made in a regular gas-fired 
crucible setting, and in a few instances oil-fired set- 
tings or an electric-resistance furnace were used. 

In all melts not involving rare-earth metals, regu- 
lar and modified crucible fluxes were used. Those 
melts containing rare-earth metals were protected 
with a flux which was free from MgCl». In general, 
the melts were made by the “crucible method” as 
described by Nelson.*? 

For routine analyses, spectroscopic analyses were 
used. In all cases of zirconium analyses, gravimetric®* 
or colorimetric®+ determinations were made. Electron 
and x-ray diffraction analyses were occasionally ob- 
tained. 

Zirconium analyses reported herein are all as “sol- 
uble zirconium,” or that portion of the zirconium 
present in the alloy which is soluble in dilute sul- 
phuric acid. Analyses of hundreds of magnesium-zir- 
conium melts show that after settling at 1400 F some 
“insoluble zirconium” is present. Statistically, this 
averages about 0.07 per cent in laboratory-controlled 
melts, and may be higher if the melt is stirred or 
otherwise disturbed before the sample is taken. 
Spectrographic analysis of Zr reports “total” Zr, or 
the sum of the insoluble and soluble forms, and may 
thus be used as a tool in production if the melt is 
properly controlled and sampled. 

Analytical procedures®*.54 have been established to 
determine accurately the soluble and insoluble por- 
tions of the zirconium in magnesium alloys. It has 
been found that any time from 15 to 60 min is satis- 
factory for dissolving the sample in dilute H,SO,. 
Refluxing experiments with an alloy containing a 
high amount of insoluble zirconium have shown that 
only a small amount of the insoluble zirconium can 
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be taken into solution. This information indicates 
that the time for normal solution in the acid is not 
critical, but the standard procedures were followed 
in order to assure that the correct soluble zirconjum 
values were obtained. 

The melting and alloying techniques were as fo! 
lows: the crucible was fired to a red heat and care 
fully spudded down with a steel bar. The loosenec| 
material was scraped out and discarded. The walls 
of the crucible were then wetted with an inspissating 
type of flux and solid magnesium was charged and 
lightly sprinkled with flux. Flux was added as needed 
to control burning during the melt-down. At 1400 F 
zinc and/or mischmetal (when used) were added. 
Normally, the zirconium agent was then added, in a 
fashion dictated by its form, at 1400 F. The melt was 
then held quiescent for 10-15 min at 1400 F and 
sampled for analyses. Sometimes it was necessary to 
increase the temperature in order to try to increase 
solution of zirconium. 

When this was done the melt was cooled to 1400 F 
and held quietly before it was sampled. A dusting 
agent of sulphur and boric acid was used to protect 
the molten alloy against oxidation during the pour- 
ing operation. 


Discussion 


Occasionally, the molten zirconium-free alloy was 
poured onto the zirconium agent in another crucible. 

The zirconium was added in many different forms. 
The various categories were: metallic forms of zir- 
conium, zirconium chloride combinations, zirconium 
fluoride mixtures, and master alloys containing zir- 
conium. Since different techniques were frequently 
required with these various alloying agents, a brief 
description of the procedure used in each case is in- 
cluded in the discussion. 


TABLE 1—ALLOYING EFFICIENCIES OF VARIOUS METALLIC FORMS OF ZIRCONIUM AND OF BRIQUETTED ZRCLy ADDED 
To MAGNESIUM oR Mc + 5 PER Cent ZN aT 1400 F 





Soluble Zirconium for Additions of 











Alloved 1% ax 2% tr 3% Zr 
Material, Form to % % % Remarks 
Fused Zr, lump Mg 0.03 -- — 30 min stirring 
Iodide Zr sheet squares, Mg 
0.005 x 4 x | in. 0.02 20 min 
0.03 40 min Intermittent 
0.05 55 min stirring 
0.10 65 min 
Zr sponge Mg 0.32 0.48 0.62 3-4 min stirring 
0.50 0.57 0.66 
0.52 _ 
Zr sponge 
Y%+ 6 mesh Mg + 5Zn 0.44 
6 + 10 mesh Mg + 5Zn 0.44 
10 + 20 mesh Mg + 5Zn 0.38 
28 Mg + 5Zn 0.50 Some burning 
100 Mg + 5Zn 0.0 Flash burning 
Powdered Zr, Briquetted Excessive alloying 
and Sintered Mg + 5Zn 0.39 0.63 0.76 time required 
Briquetted ZrCl, Mg + 5Zn 0.56 0.78 0.80 
0.65 0.80 0.85 
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Fig. 1 — Alloying zirconium as Zr 

sponge and fused ZrCl, + KCl or KCI 

+ NaCl salts to Mg + 5% Zn alloy at 
1400 F. 
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Fig. 2—Effect of the addition of 1% 

Zr sponge at 1400 F on the zirconium 

content of Mg + 3RE + Zr & Mg + 
3RE +- 3Zn + Zr alloys. 
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Fig. 3—Alloying zirconium as pelleted 
or capsuled zirconium powder to MG 
+ 5% Zn alloy at 1400 F. 


Metallic Forms of Zirconium: The alloying of Zr 
with the following metallic forms was studied: zir- 
conium sponge,®*57 fused zirconium, iodide-decom- 
posed ductile Zr®> rolled to 0.005 in., and zirconium 
powder produced by the co-reduction of CaH, and 
ZrOo. 

Figure 1 shows the results of adding zirconium 
sponge to Mg-5Zn; Fig. 2 presents the results of add- 
ing an additional 1 per cent zirconium as sponge to 
Mg-rare earth metal-Zr and Mg-Zn-rare earth metal- 
Zr alloys; and Fig. 3 contains some information on the 
alloying efficiency of zirconium powder. 

The data indicate that zirconium sponge produced 
a soluble zirconium content in Mg-5Zn-Zr alloys of 
0.80 to 0.90 per cent with a 3 per cent addition of the 
sponge. The sponge used in these tests was obtained 
from the U. S. Bureau of Mines, and was made by 
the Kroll process.557 The results of these experi- 
ments should be kept in mind throughout this paper 
as they represent the most consistently good alloying 
efficiencies obtained. 


Alloying With Zirconium Sponge 


An important disadvantage in the commercial use 
of sponge in the magnesium alloying field is the 
rather laborious effort required to alloy the material. 
In these experiments, the sponge was essentially 
ground while submerged in the molten Mg-Zr alloy. 
Metallographic examination shows that the average 
particle size of the sponge is about 0.0005 in. The 
particles appear to be lightly sintered to one an- 
other. Thus the apparent mass of the sponge is dense 
enough to permit sinking in the melt and, once sub- 
merged, may be crushed or abraded down to a sur- 
face to mass ratio which permits fairly rapid solution 
of the zirconium in magnesium. 

Table 1 presents some additional information 
showing that 0.62 to 0.66 per cent zirconium can be 
alloyed to commercial magnesium with a 3 per cent 
addition of sponge. This indicates that 5 per cent 
zinc increases the solubility of Zr in magnesium by 
about 0.2 per cent. 


The data shown in Fig. 2 are included to show the 
efficiency with which sponge can be used to “sweeten” 
the Mg-rare earth metal-Zr and the Mg-rare earth 
metal-Zn-Zr alloys. It also indicates approximately 
the differences in Zr solubility limits for these two 
alloys. The alloy containing zinc is seen to have a 
solubility of slightly over 0.7 per cent Zr, while the 
alloy without zinc has about 0.1 per cent less soluble 
Zr. 

The fused lump zirconium was added as \-in. 
pieces in a small steel ladle and stirred in the ladle 
with a steel rod. No apparent solution had occurred 
after 30 min of stirring. Analysis of the melt as in- 
dicated in Table 1 showed an alloying efficiency of 
only 3 per cent with this material. 

Iodide zirconium sheet, rolled to about 0.005—0.010 
in. and cut into 14-in. squares was added in a man- 
ner similar to that used for the fused lump zircon- 
ium. It was stirred for several minutes in the ladle 
and then intermittently stirred for several minutes at 
a time during the 65-min period tested. As shown in 
Table 1 solution occurred very slowly and. only 10 
per cent of it was alloyed after more than an hour 
had elapsed. 

Since the solution of metallic zirconium in mag- ° 
nesium (as with all difficultly soluble materials) is de- 
pendent upon time and particle size, the use of finer 
particles of zirconium metal was evaluated. 

Table 1 shows that as zirconium sponge fragments 
were decreased in size, the alloying efficiency de- 
creased. In fact, when the particles became finer 
than 100-mesh powder, the material burned up before 
it could be submerged beneath the metal. 

Zirconium powder is pyrophoric, and some means 
of protecting the powder from oxidation had to be 
applied. Materials tested were Zr powder pelleted 
with various binders, Zr powder enclosed in tight 
magnesium capsules, sintered Zr powder briquettes, 
and Zr powder compacted with magnesium powder. 

It can be seen by comparing Fig. 3 with Fig. 1 that 
the zirconium powder, when compacted with mag- 
nesium or when pelleted with organic binders, is 
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not quite as efficient in alloying to Mg-5Zn as is the 
sponge Zr. Three per cent additions of zirconium 
powder resulted in an average soluble zirconium con- 
tent of about 0.7 per cent. When the Zr powder was 
packed into capsules made of magnesium, it became 
a little more efficient and alloyed to the level of 0.75 
per cent to 0.85 per cent at the 3 per cent addition 
level. 

The zirconium powder alloyed more rapidly than 
sponge, as was expected because of the particle size. 
It has been reported®’ that the reaction of Zr with He, 
Oz, and Nz» increases as temperature increases. Since 
the pellets and compacts were not protected from the 
atmosphere, it is probable that the zirconium com- 
bined with one or all of these elements, and thus the 
amount of metallic zirconium added was less than 
that stated. 

The sintered briquetted zirconium powder reacted 
somewhat like the fused lump zirconium in that 
after 30 min of stirring of the 34-in. diameter bri- 
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use for direct alloying to magnesium. Briquetted 
ZrCl,, however, is much more readily handled and 
presented interesting results. This material was added 
to the molten alloy as 114 in. diameter briquettes, and 
held below the surface with an inverted ladle or with 
a perforated plate. The magnesium alloy failed to 
wet the briquettes and no fragmentation occurred. 

The time required for the alloying of the zirconium 
from the briquettes was slightly longer than that re 
quired by the sponge. However, the briquettes were 
not crushed beneath the melt as was the sponge. It 
is believed that the ZrCl, vaporized slowly from the 
briquettes because of a vapor barrier which insulated 
the heat of the melt from the main body of the 
briquette. Table 1 shows not only that a 3 per cent 
addition of Zr in this form produced a soluble Z1 
content in the range of 0.80 to 0.85 per cent in Mg- 
5Zn alloys, but also that a 2 per cent addition gave 
results about as good as’ the 3 per cent addition. In 
this respect the ZrCl, briquettes were essentially as 
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quettes little crushing had occurred. In the next series 
of tests the briquettes were quartered with a cold 
chisel, and after 30 min of stirring at 1400 F the 3 
per cent addition had dissolved 0.76 per cent zir- 
conium into the Mg-5Zn alloy, as shown in Table 1. 
Metallographic examination of the briquettes showed 
that the average particle size was about 0.001 in., and 
that the particles were quite strongly sintered to- 
gether. 

Chlorides of Zirconium: Alloying studies with the 
following chloride forms were conducted: 

1. Briquetted ZrCl,. 

2. Fused ZrCl, + KCl, or ZrCl, + KCl + NaCl. 

8. Fused ZrCl, + ZrF, + KCl. 

4. Briquetted ZrCl, + ZrF,, or ZrCl, + CaF,. 

The use of some of these forms has been suggested 
in the literature as described in the appendix, but 
little data have been shown. Table 1 and Figs. 1, 4, 
and 5 present the analytical results. 

ZrCl, is a light, fluffy powder which sublimes at 
331 C (628 F) and is extremely hygroscopic. When a 
small sample is poured on a dry watchglass, the re- 
sults of hydrolysis are immediately apparent by the 
odor of HCI and the visible color change that takes 
place. The nature of the material discourages its 


good as sponge in alloying efficiency. 

Proprietary fused salt mixtures containing 50 per 
cent ZrCl, + 25 per cent NaCl + 25 per cent KCI 
and 50 per cent ZrCl, + 50 KCl are commercially 
available. Figure 1 shows the efficiencies experienced 
when the solid fused salt was added to Mg + 5 per 
cent Zn at 1400 F. A comparison of the Zr sponge 
range with the range for these salts indicated that 
the salts were slightly lower in their average efh- 
ciency and the range of scatter was somewhat broader. 

The ease of alloying with this type of salt was 
readily evident in the fact that only several minutes 
were required to completely react the material. Since 
the salts contain only about 20 per cent zirconium, it 
is evident that a larger amount of alloying material 
has to be handled compared to the pure metallic 
additions. This minor disadvantage will be evident 
also in the discussion of other alloying agents. 

Incidentally, the sodium and potassium chlorides 
are inert to magnesium so there is essentially no al- 
loying of other elements to the melt coincidental to 
the Zr alloying. 

The data in Fig. 4 demonstrate that 40-50 per 
cent ZrCl, + 20-25 per cent KCl] fused with 40-25 
per cent ZrF, is alloyable, and that the alloying effi- 
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ciency is increased by the use of temperatures higher 
than 1400 F. A 3 per cent Zr addition, when alloyed 
at 1525 F, produced soluble Zr contents of 0.50 to 0.85 
per cent in Mg-5Zn alloys. However, the average 
zirconium content was lower, and the scatter was 
greater, than that obtained with the sponge or with 
the all-chloride fused-salt mixtures. 

Figure 5 presents interesting data when compared 
to Figs. 1 and 4. Here, when ZrF, was present in the 
solid dry briquetted state, with varying amounts of 
ZrCl,, the alloying efficiencies were higher than they 
were in the fused condition and they compared quite 
well with those experienced with the fused all-chlor- 
ide salts and metallic zirconium sponge. 

The time of alloying was less than that required 
for briquetted ZrCl,, alone. It is assumed that the 
poorer results obtained by the fusion process in the 
previous tests, the results of which are shown in Fig. 
4, may have been caused by the formation of the oxy- 
fluoride or the formation of a more difficultly re- 
ducible complex salt. It is also interesting to note 
that a briquetted product consisting of ZrCl, and 
CaF, was about as efficient in alloying zirconium to 
the melt as briquetted ZrF, + ZrCl,. This might be 
a less expensive product that the ZrCl, + ZrF, com- 
bination. 

Fluorides of Zirconium: The following types of 
fluoride salts were studied: 

1. ZrF,, powder and briquetted. 

K.ZrF, -+- alkali metal chlorides. 
ZrF, - KF + chlorides. 
ZrF, + other fluorides. 

5. ZrF, + KCI salts. 

Figures 6, 7, 8, and 9 show the results of these ex- 
periments. 

Early experimental work with ZrF, indicated that 
high temperatures (above 1500 F) and large additions 
(5 per cent Zr) were necessary for moderate success. 
The experiments reported here tend to confirm the 
earlier experiments. 

Adding ZrF, powder to molten magnesium at any 
temperature is unpleasant work. The powder is dry 
and not wet by the magnesium, and much flux must 
be added to control the burning. Figure 6 shows the 
wide (and low) range of alloying efficiency obtained 
when ZrF, was added to magnesium + 5 per cent Zn 
alloy. The data indicate that at 1400 F a 5 per cent 
zirconium addition produced only about 0.50 to 0.60 
per cent soluble zirconium in a Mg-5Zn alloy. Rais- 
ing the temperature to 1550-1650 F increased the zir- 
conium content about 0.1 per cent, as shown in 
Table 2. 

The reaction product MgF, was hard and dry and 
separated well from the melt, but probably inhibited 
the reaction by coating the zirconium with an in- 
sulating product. Extra stirring, in an attempt to 
wear off this coating, with the use of an air-motor 
powered mechanical stirrer failed to improve the ef- 
ficiency over that of hand stirring, as indicated in 
Table 2. 

The alloying of K,ZrF, has been studied and the 
alloying results are found in Fig. 7. 

The majority of the work was done with K,ZrF, + 
20 to 50 per cent KCl, and the salts were added in 
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various manners: as prefused lumps, prepared as 
molten salts and the alloy poured on, or prepared as 
molten salts and added to the molten alloy. All were 
found to be equally efficient; however, a note of ex- 
planation as to why these techniques were used is 
needed. 

In the early stages of work, the alloy was prepared 
by adding the alloy to the molten salts. In several 
occasions, violent reactions resulted and caused im- 
mediate concern. By means of several thermocouples 
the temperatures in various parts of the crucible were 
determined. If the salt was at 1300 F and the metal 
being poured onto the salt at 1325 F, the tempera- 
ture at the bottom of the crucible frequently ran to 
greater than 1700 F within a matter of seconds. 
Local hot spots at the salt-Mg interface probably ex- 
ceeded the boiling point of magnesium and thus 
hurled the molten alloy from the crucible. By pour- 


TABLE 2—ALLOYING EFFICIENCY OF ZRF, ADDED TO 
Me + 5% Zn ALLoy 








Soluble Zirconium 
for additions of 
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Form Treatment F % % % % % 
Powder hand stir 1400 om om ow 0.19 — 
motor stir 1400 — = — 0.58 — 

hand stir 1400 _ ak _ 0.56 sind 

motor stir 1400 — ome — 0.16 _ 

Add 5% Zr } 1400 = _ om _ 0.59 
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heat& stir f{ 1650 — 0.51 — _ — 

hand stir 1400 0.11 — — — — 

Add 214% ma 1400 — om 0.35 —_ am 

heat&stir | 1550 — = 0.47 — — 





ing the smaller quantity of salts into the Mg, the 
heat generated could be harmlessly dissipated. 

The exothermic nature of the ZrF,-base reductions 
was always noticed when measured by ordinary ther- 
mocopules, and was much greater than that in the 
ZrCl,-base reductions. This rise in temperature of 
the melt was directly related to the higher rate of 
reaction of the fluoride, or to the higher heat of 
formation of MgF, (than MgCl.), or probably to 
both. In no case has a violent reaction resulted when 
the salt, either liquid or solid, was added to the 
molten metal and immediately stirred. 

Figure 7 shows that the alloying efficiency of 
K.ZrF, - KCl was lower and the results were more 
scattered than in the cases of the metallic zirconium 
or ZrCl,-base reactions. A 5 per cent addition of 
zirconium produced zirconium contents ranging from 
0.33 to 0.77 per cent. 

There is some interest in the ZrF, - KF (KZrF;) 
salts. Table 3 presents the data for this type of ma- 
terial. The alloying efficiencies were low with only 
0.34 per cent soluble zirconium obtained with a 4 per 
cent addition. 

Another significant fact shown in this table is the 
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presence of barium which was alloyed to the melt. 

It is seen that in the ZrF, + KF + KCI melt, 
0.0004 per cent Ba was found; in the ZrF, + KF + 
KCl + BaCl, mixture, 0.0155 per cent Ba was de- 
tected; and in the ZrF, + KF + BaCl, melt, 0.0165 
per cent Ba was found. It can be calculated that if 
only a small amount of BaCl, were converted to BaF», 
a rather large amount, by comparison, of Ba could 
be expected in the melt. 

The presence of Ba in the alloy made with the 
ZrF, + KF + KCI addition is explained by the pres- 
ence of about 20 per cent BaCl, in the melting and 
refining flux. 

In melts alloyed with chloride salts or metallic Zr 
derived from ZrCl, and using the same BaCl,-contain- 
ing flux, the amount of Ba present is less than 0.0003 
per cent (if present at all), 0.0005 per cent being the 
lower limit of accuracy for Ba analyses. 

Emley** has shown the probable order of the more 
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1600 F yielded soluble zirconium contents above 0.80 
per cent. This was accomplished with the addition of 
4.2 per cent Zr. At 1400 F there was less than 0.7 per 
cent Zr alloyed with the same 4.2 per cent addition 
of “inert fluorides.’”” Table 5 shows this same infor- 
mation, and in addition lists the analyses of the im- 
purity elements. Even the inert fluorides reacted to 
some extent with magnesium since several hund- 
redths per cent of lithium and barium were reduced 
and alloyed. 

It has been stated in the literature** that ZrF, is 
insoluble in alkali metal chlorides. Our analyses lead 
us to disagree with this statement. Fused mixtures of 
ZrF, and KCl, when examined by x-ray diffraction 
techniques, showed neither salt to be present, but 
rather an unidentified single-phase product. 

This fused salt mixture was added to Mg + 5Zn 
alloys with results as shown in Fig. 9. A 5 per cent 
Zr addition produced soluble zirconium contents of 
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Fig. 6—Alloying zirconium as ZrF, to 
Mé + 5% Zn alloy at 1400 F. 


electro-positive metals in both the chloride and fluor- 
ide electropotential series. His series is reproduced 
in Table 4. This important work indicates that mag- 
nesium is considerably more electropositive in the 
fluoride series than it is in the chloride series, and 
also shows that sodium and potassium fluorides are 
less positive than magnesium. 

Also, BaCl, is considerably more electropositive in 
respect to magnesium than is BaF. This situation 
probably accounts for the reason why some barium 
was found in the melt when ZrF, + BaCl, was used 
as compared with ZrCl, +. BaCl,—a certain amount 
of the BaCl, being converted to BaF, prior to being 
reduced to elemental barium. 

A few tests were conducted to study the effect of 
the position of the various metals in the above electro- 
potential series. An alloying agent consisted of ZrF, 
plus NaF and KF (reducible by Mg), while others 
were made of ZrF, plus “inert fluorides” (Ca, Li, 
and Ba). 

Figure 8 lists the results of these tests and shows 
that the “inert fluorides” when alloyed at 1470 to 
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Fig. 7—Alloying zirconium as fused 
K:ZrF:-alkali metal chloride salts to 
magnesium or Mg + 5% Zn alloy. 


5 ° 2 3 a 
PERCENT ZIRCONIUM ADDED 
Fig. 8—The effect of temperature on 
the alloying of zirconium as “active” 
and “inert” florides of zirconium 
added to Mg + 5% Zn alloy. 


0.64 to 0.76 per cent. In this respect the material 
was comparable in alloying efficiency to the K2ZrFg - 
KC] salt mixtures. 

Master Alloys Containing Metallic Zirconium: Sev- 
eral different master alloys containing zirconium and 
one Zr + MgCl, mix were investigated in an at- 
tempt to improve upon the alloying characteristics 
of the metallic zirconium and the various salt mix- 
tures. Several proprietary master alloys were studied 
as well as a laboratory-produced Mg-Zr hardener. 

Since the last operation of producing zirconium 
sponge by the Kroll process®®.57 (sublimation of Mg 
and MgCl, from the reaction product of Mg + ZrCl,) 
is expensive, the product, before sublimation, was 
tested. The problem of storing this hygroscopic ma- 
terial is present, and Table 6 indicates the efficiencies 
are not good in either the as-received or water-leached 
and dried condition, 5 per cent efficiency for the 2 
per cent water-leached addition and 10 per cent ef- 
ficiency for the 5 per cent unleached addition. 

Ferro-zirconium has been manufactured for many 
years and has been used in the iron and steel in- 
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TABLE 3—ALLOYING EFFICIENCY OF VARIOUS ZRF,—KF 
SALTs ADDED TO MAGNESIUM 





Soluble Zr for additions of 
1% Zr 2% Zr 3% Zr 4% Zr 5% Zr 











Material % % % % % Ba, % 
ZrF,4+KF — — — 8 — 

ZrF,4+-KF+KCl 0.18 —- — — — 0.0004 
ZrF,4+-KF+KCI4+BaCl, — —- — 034 — 0.0155 
ZrF,4KF-+BaCl, — — — 016 — 0.0165 


ZrF,+-K,Z1F, = 2ZrF,42KF 0.12 





TABLE 4—PROBABLE POSITIONS OF THE More ELECTRO- 
POSITIVE METALS IN THE CHLORIDE AND FLUORIDE ELEC- 
TROPOTENTIAL SERIES AT OPERATING TEMPERATURES 





Chlorides: (Ba, K), (Sr, Li, Ca, Na), (Ce, Mg), Al, . 
Fluorides: Ca, Li, Ba, (Mg, Co), Al, Na, K, ss 

(The electropotential decreases from left to right) 

(Information obtained from Table 1 of Emley™) 





dustry. Even though it has been a well known fact 
that iron co-precipitates zirconium from magnesium 
melts, it was felt necessary to check this material as 
a zirconium alloying agent. The results of the tests 
are shown in Table 6 where it is shown that there 
was no retained zirconium in the melt when 5 per 
cent Zr was added. 

A master alloy containing 60Zr and 40Mg has been 
commercially available for the past several years. Re- 
sults with it were erratic and high zirconium contents 
were not consistently achieved. A typical example of 
its alloyability is shown in Table 6. 

Another master alloy, purchased from a different 
company and containing 28 per cent Zr + 71 per 
cent Mg, showed promise but was excessive in cost. 
Table 6 shows that 0.74 per cent soluble Zr was al- 
loyed to Mg + 5 per cent Zn with a 3 per cent Zr 
addition. 

Another master alloy which contained 14 per cent 
Zr-70 per cent Zn-balance Mg, showed excellent Zr 
recovery for a 1 per cent Zr addition, from 0.60- 
0.72 per cent soluble Zr, and simultaneously alloyed 
4.5 per cent zinc. Thus, it is not possible to add more 
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zirconium to a melt (to obtain a higher Zr level) 
without also increasing the zinc content. Therefore, 
the utility of this material is limited to high zinc con- 
tent alloys. 

The use of a master alloy made in the laboratory 
by the reduction of ZrCl,, with magnesium was tested 
under laboratory and production conditions. The 
material was prepared by reacting magnesium at 1400 
F with about four times its weight of a proprietary 
flux containing about 50 per cent ZrCl, and 50 per 
cent KCl. A metallic reaction product was obtained 
which contained 30 to 50 per cent zirconium, balance 
magnesium, except for a small amount of residual 
chlorides. This product for convenience is labeled 
K30A alloy in accordance with the ASTM system of 
designating magnesium alloys. 

It is a convenient and efficient material for alloy- 
ing zirconium to magnesium alloys as shown by the 
data in Fig. 10. Three per cent additions of zir- 
conium as K30A alloy resulted in soluble zirconium 
contents of 0.70 to 0.90 per cent in Mg-5Zn alloys. 
This is nearly as good as zirconium sponge and is 
equal to the ZrCl, fused salt mixtures. 

This master alloy combines the several advantages 
which are individually exhibited by the other various 


TABLE 6—ALLOYING EFFICIENCIES OF VARIOUS ZR MAs- 
TER ALLOYS AND MIxEs ADDED To Mc + 5% ZN ALLoy 
AT 1400 F 


Soluble Zr for Additions of 
1% Zr 2%Zr 3%2Zr 4% Zr 5% Zr 











Material % % % % % 
40Zr+-60MgCl, nn — — _— 0.51 
(Above—H,O 
leached) — 0.11 — — — 
Ferro-Zirconium — — a = 0.00 1440F 
—_ iste _— _ 0.00 1500F 
_— —s _— —_ 0.00 1600F 
60Zr-40Mg — =e 0.38 — ae: 
28Zr-71Mg — = 0.74 — — 
— — 0.74 im —_ 
14Zr-70Zn 


(Bal. Mg) 0.72 — — 
0.66 


0.60 — — ow on 





TaBLeE 5—TuHE ALLOYING EFFICIENCY OF ZR FROM ZRF, Fusep WITH “ACTIVE” AND “INERT FLUORIDE MIXTURES 














Per Cent Soluble Zr + Impurities for Addition of Alloying 
25% Zr 3.0%, Zr 4.2%, Zr 5.0% Zr — 
Materjal % Zr %Impurity %Zr %Impurity %Zr %Impurity %Zr % Impurity F 
84ZrF,49KF+47NaF 0.39 0.005 Na 0.60 0.005 Na 1400 
0.72 0.010 Na 1550 
0.27 0.005 Na 1400 
0.50 0.005 Na 1525 
43ZrF,4- 8LiF +41 BaF,+8MeF, 0.68 0.10 Ba 1400 
0.045 Li 
0.0012 Ca 
0.84 0.096 Ba 1600 
0.06 Li 
0.0025 Ce 
43ZrF,4 16LiF 427BaF,+13CaF, 0.69 0.070Ba 1400 
0.06 Li 
0.0086 Ca 
0.83 0.047 Ba 1470 
0.06 Li 


0.010 Ca 











Fig. 9—Alloying 
zirconium as ZrF;, 
fused with KCl 
—— - salts to magne- 
sium or Mg + 
5% Zn alloy at 
1400 F. 
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agents. Metallic zirconium possesses the advantage 
of alloying zirconium without the necessity for add- 
ing extraneous salts, and K30A does essentially the 
same thing. The major component in the master al- 
loy aside from zirconium is magnesium, and it com- 
bines readily with the alloy and is therefore useful. 

ZrCl, fused salt mixtures are readily alloyable to 
magnesium as compared with the sponge zirconium 
and the fluorides, and K30A alloy also alloys readily 
to magnesium alloys. Both the fluorides and the 
metallic forms of zirconium have the advantage of 
forming the alloy without the large amount of fluid 
salts which need to be carefully settled out, of the 
melt, such as is required with the chloride agents. 
K30A likewise possesses an insignificant amount of 
chloride salt, so that this problem is not present. 

The problem of large amounts of fluid salt being 
present from the chloride agent has another disad- 
vantage which is solved by the use of K30A alloy. 
The fluid salts contain rather large quantities of 
MeCl, as a result of the reaction between Mg and 
ZrCl,. The MgCl, is detrimental in Mg alloys con- 
taining rare earth metals and zirconium because the 
MeCl, reacts with the rare earth metals, taking them 
out of the alloy. The K30A alloy contains at most 
only a small amount of MgCl, and its reaction with 
the rare earth metals is insignificant. 

Table 7 presents some data on the “sweetening” 
ability of K30A alloy on some 300-500 Ib production 
melts of Mg-3 rare earth metal-zirconium melts. It 
shows that 0.5 per cent additions are about 40 per 
cent efficient at the level of zero to 0.3 per cent initial 
zirconium content. 

Conclusions 


The foregoing information indicates that several 
zirconium-containing materials can be used success- 
fully to alloy zirconium to magnesium and its alloys. 

Zirconium sponge produced by the U. S. Bureau 
of Mines is particularly useful in this respect because 
it produces consistently high soluble zirconium con- 
tents. The alloying technique is slow and laborious. 

ZrCl, base materials, both fused and briquetted, 
alloy readily and nearly as efficiently as the sponge. 
Their use is practical in many applications. 

ZrF, combined in its many forms with other salts 
may be used as alloying agents if desired. They seem 
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to be less efficient and to require a higher alloying 
temperature. More labor is required to alloy zircon- 
ium from fluorides than from chlorides because of 
the more viscous nature of the resulting sludge. 

A master alloy made by reacting magnesium with 
ZrCl, is an especially good agent for alloying zir- 
conium to magnesium alloys. It alloys readily, pos- 
sesses essentially no excess salt constituents, and is 
readily available for use by any foundry handling 
molten magnesium alloys. 

The decision regarding exactly which one of the 
above agents to use must be made by the individual 
foundry according to its own desires. Not only must 
the raw material costs be considered in arriving at 
the economics of the various zirconium alloying 
agents, but also other factors such as the labor of 
alloying, operating temperatures, reactivity of result- 
ing salt residues with the other alloy constituents, 
maintenance costs, convenience, etc., must be con- 
sidered. 

It is recognized that the general field of alloying 
of zirconium to magnesium is one which is very ac- 
tive at this time. Many different groups have been 
and still are working to find improved methods for 
obtaining the desired zirconium contents in the al- 
loys. Many patents have been granted in this field, 
many of which are mentioned in the appendix and 
in the bibliography. More patents will undoubtedly 
be issued in the future. Each patent must be thor- 
oughly evaluated before its use can be considered. 


APPENDIX 
Historical Development 


Early German work! reports the alloying of zir- 
conium to magnesium by the reduction of ZrCl, or 
K2ZrCl, with magnesium. A British patent? in 1939, 
covering German work, teaches that Al, Si, Mn, Sn, 
Co, Ni, and Sb are elements which inhibit the alloy- 
ing of Zr; while Zn, Cd, Ce, Ag, Tl, Th, Bi, Be, Pb, 
and Ca are compatible with Zr. Another British pat- 
ent in the same year® indicates that Zr counters the 
grain coarsening caused by the addition of Be to 
magnesium alloys. 

In 1940* it was stated that a successful way to alloy 
zirconium was with the use of molten ZrCl, + KCI. 
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Fig. 10—Alloying 
zirconium as mas- 
ter K30A to Mg 
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Sauerwald® described the I. G. Farbenindustrie work 
from 1937-1939 and tells of the use of powdered zir- 
conium, and that the solid solubility of zirconium in 
magnesium is about 4.5 per cent. British work in 
1941® claims that molded pieces of ZrCl, were used, 
and that CaF, was added to separate the MgCl, 
liquid reaction product from the alloy, and that zir- 
conium metal alloys only slowly to magnesium. In 
published work of 1943 Sauerwald et al.7*-° indicate 
that alloys of Mg-Zr with Ag, Cu, Ce, Th, and Ca 
contained no microshrinkage. 

The patents of Stroup and Sager in 194511! deal 
with the use of ZrCl, in settling Fe in magnesium. 
In 1946 Doan and Ansel! described alloying with 50 
per cent ZrCl, and 50 per cent alkali metal chlorides. 
Sauerwald" in 1947 claims that the effect of grain re- 
finement in Mg-Zr alloys depends upon true solution, 
that zirconium in solid solution in magnesium dis- 
solves readily in HCl and any elemental zirconium 


TasLe 7—EFFECT OF THE ADDITION OF 0.5% ZR AS 
MASTER ALLoy K30A UPON THE ZR CONTENT OF 
300-To 500-LB Metrs or Mc-3 RARE EARTH 
MeETAL-—ZR ALLOYS 














Soluble Zr Soluble Zr 
Before Addition, % After Addition, % 
0.01 0.18 
0.18 0.41 
0.01 0.14 
0.14 0.38 
0.04 0.29 
0.29 0.47 
0.003 0.15 
0.15 0.37 
0.02 0.28 
0.28 0.45 
0.02 0.31 
0.31 0.46 
0.11 0.35 
0.10 0.25 





is not dissolved in the acid, and that hydrogen pre- 
cipitates zirconium. 

Ball'+ in the same year describes the British work 
and states that metallic zirconium dissolves in mag- 
nesium under an argon atmosphere at 900-1000 C 
(1652-1832 F) and is a difficult and costly process; 
K.ZrFg, ZrF,, ZrO., ZrN, and ZrS were tried and only 
the fluorides showed promise; and that sinks are 
found in poorly-fed sections of Mg + 5Zn + Zr alloy 
rather than microporosity. Emley!® in 1948 indicates 
that zirconium powder is expensive and inflammable, 
that the oxide is refractory, double chloride salts 
with alkali metal chlorides are volatile and hygro- 
scopic, that high temperatures of 920-950 C (1688- 
1742 F) and prolonged stirring are necessary if ZrF, 
is used, that ZrF, + KF results in alloying zirconium 
and explosively reducing the KF, but that certain 
chlorides suppress the violence, and that MgCl, re- 
acts violently with ZrF, to form ZrCl,. 

Altwicker!® describes Sauerwald’s work in 1938-41] 
with K.ZrF,, ZrCl, + KCl, ZrF,, and ZrO,. Emley'™"8 
claims the use of a double fluoride salt with the em- 
pirical formula KZrF;. Altwicker!® in 1949 states that 
in Mg-Zn-Zr systems microporosity increases with in- 
creasing Zn content, that substituting Cd for Zn re- 
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sults in no microporosity problem, and that cerium 
additions increase the pressure tightness of the Mg- 
Zn-Zr alloys. _Emley’s paper?® in 1949 states that his 
experience with Mg-Zr alloys indicates that alloys 
made with ZrCl, or alkali metal chlorozirconates are 
inherently unreliable from a viewpoint of chloride 
contamination. 

Swedish work?! claims a master alloy of 13 per cent 
Zr-86 per cent Zn as having an excellent alloying 
efficiency (ratio of zirconium found in the product 
to the zirconium added to the melt), and that iron 
will precipitate about four parts by weight of zircon- 
ium to form an insoluble product which sinks to the 
bottom of the melt. Sauerwald?? explains that zinc 
increases the solubility of zirconium in magnesium by 
0.1-0.2 per cent, and states that 1.6-2 per cent cerium 
is needed to produce sound Mg + 4-6 per cent Zn 
+ Zr alloys. 

Ball and Jessup?* teach that Ba and Sr in Mg-Zr 
alloys increase the burning tendency and yield 
strength and decrease the grain size of the alloy. Ball 
and Fox** indicate the use of lumps of ZrCl, + KCl 
or ZrCl, + NaCl and 45 ZrCl, + 35 ZrF, + 20 NaCl. 
Wilkenson®> compares properties of Mg + 5 Zn + Zr, 
Mg + 3Zn + 3 RE (rare earth metals) + Zr, and 
Mg + 3 RE + Zr alloys with Mg + 8 Al and Mg + 
9 Al + 1 Zn and states that the Mg + 5Zn + Zr 
alloy is less prone to microporosity, while the Mg + 
RE + Zr alloys (with or without Zn) are completely 
free of microporosity. 

In 1950 Murphy et al.** suggest a method of alloy- 
ing beryllium and zirconium and cerium with the use 
of silver-beryllium and silver-zirconium master alloys. 
Ball ct al.?7 claim that NaF causes Mg-Zr alloys to 
burn more readily, and also claim the use of ZrF, + 
fluorides of lithium, strontium, calcium and magnes- 
ium. They further claim?’ a master alloy made from 
fluorides of zirconium, and state that traces of lith- 
ium, strontium, calcium, and barium may be re- 
moved from the melt with MgClo. 

Ball et al.*® claim a master alloy made by the re- 
duction of ZrCl, with Mg in a flux made heavy with 
30 per cent or more BaCl,. They also teach that rare 
earth metals reduce the porosity in Mg + Zn + Zr 
alloys at the expense of embrittling the alloys, that 
the porosity comes from hydrogen in the melt or by 
the reaction of the more electropositive metals with ' 
moisture in the molding sands, and that the micropor- 
osity is lessened if the zirconium in solution exceeds 
0.6 per cent. 

Emley et al.*° describe an agent of ZrF, + alkaline 
earth metal chlorides and KCl and/or NaCl and free 
from NaF or KF. Emley and Jessup*!.5? indicate that 
Mg-Zr alloys have a strong tendency toward flux in- 
clusions, which is diminished by treating in inspis- 
sated or fluid fluxes made heavy with large amounts 
of Ba or Sr salts. Emley**® states that MgCl, and 
MgF, will react with the rare earth metals in mag- 
nesium alloys to lower the rare earth metal content, 
but if MgF, is wet with certain chloride salts it will 
be inactive to the rare earth metals. Thus MgF, can 
be used to inspissate fluxes which are free from MgCl, 
for treating Mg-RE alloys. 

Jessup and Wilson** report that the addition of 
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beryllium to Mg-Zr alloys causes coarse grain, but if 
a reducible halide of beryllium is added in specified 
small amounts along with the zirconium the problem 
is eliminated. Meier and Martinson*® discuss Cana- 
dian experience with Mg + 6 Zn + Zr alloys. Emley*® 
treats the electropotential series of certain chlorides 
and fluorides and shows that chlorides of sodium and 
potassium are not easily reduced by magnesium, but 
that fluorides of these metals are readily reduced by 
magnesium. He also states that ZrF, is insoluble in 
alkali metal chlorides, that the sulphide of zirconium 
is not reduced by magnesium, that the nitride is re- 
duced by magnesium only to ZrN, that phosphorus 
and carbon are also zirconium alloying inhibitors, and 
that while manganese is an alloying inhibitor the 
precipitated material is of such a size that settling does 
not occur readily. 

Nelson and Strieter in their 1950 paper? discuss 
the Mg-rare earth metal-Zr alloys and also state that 
MgCl, reduces the rare earth metal contents, Orton*® 
prefers a mixture of ZrCl, and alkali metal chlorides 
to Na,ZrF, and a master alloy and shows properties 
of Mg + 4Zn + Zr alloys. Ball§® further discusses 
properties of the alloys. Van Ewijk*® limits Ca to 
<0.01 per cent in casting alloys of Mg-Zr. Ball et 
al.41 state that bubbling ZrCl, vapor into magnesium 
has not given satisfactory results, and that ZrOos, if 
highly reactive, can be reduced by magnesium. 

Ball and Jessup*? report that barium and strontium 
are helpful in eliminating flux inclusions, and Ball et 
al.43 state that metallic zirconium has not given sat- 
isfactory results, that hydroxide groups with zircon- 
ium fluorides give difficulty in alloying, and that 
NaF, should be water-leached out of alloying agents. 
Ball et al.4* claim that Na, imparts poor properties 
to the alloys. Emley* reports on the use of K,ZrF, +- 
KCl. 

Jessup and Wilson*® claim that in co-alloying beryl- 
lium and zirconium as ZrCl, + BeF, the MgCl, 
formed will dissolve the MgF>. Ball et al.47 teach that 
combined water has a strong inhibiting effect on Zr 
alloying, and that MgO should be absent during al- 
loying. Emley and Jessup*® state that traces of bar- 
ium and strontium are harmful in Mg-Zn-Zr casting 
alloys, and that the dark spots sometimes seen on the 
surface of the Mg—Zn-Zr alloys are not related to 
corrosion resistance but are only surface discolora- 
tions. 

Nelson and Strieter in their 1951 paper*® describe 
castability and properties of Mg-RE-Zn-Zr and Mg- 
RE-Zr alloys, and report the use of zirconium sponge 
as an alloying agent. Emley®® reports that zirconium 
precipitates phosphorus as an insoluble compound, 
and that P is <0.005 per cent in commercial Mg-Zr 
alloys. McDonald*! describes the use of a master al- 
loy prepared by the reduction of ZrCl, with Mg in 
alloying operations. 
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Chairman: A. CristeLto, American Light Alloys, Inc., Little 


Falls, N. J. 
Co-Chairman: H. E. Ettiotr, Dow Chemical Co., Bay City, 
Mich. 


Recorder: A. CRISTELLO. 

E. F. EMtey (Written Discussion):* This interesting paper sets 
out clearly the comparative amounts of zirconium introduced 
solubly into magnesium using various alloying agents. The zir- 
conium alloying field is quite a large one since a considerable 
number of salt mixtures have now been mentioned in the pat- 
ent literature. Examples of most types have been tested by the 
authors. Anyone who has done research work on alloying zir- 
conium with magnesium will know that there are some snags 
which can arise and the whole business is not entirely straight- 
forward. The paper raises some general matters which are of 
importance and call for discussion, and there are many points of 
detail on which comments might be made. 

1. The authors do not claim that their work enables a de- 
cision to be made as to which is the best alloying method for 
zirconium. They rightly stress that economic factors must be 
taken into consideration. A further weeding out of the processes 
on technical grounds is however required. No mention is made 
of the tensile properties or tendency to microporosity shown by 
alloys produced with various reagents. Such information is vital 
where ZK51A sand castings are to be made. Quite a few of the 
alloying mixtures tested would produce ZK51A alloy showing 
pronounced tendency to microporosity and unacceptably low 
tensile properties, even with a full zirconium content. 

2. The authors dismiss the question of flux contamination on 
the grounds that since the development of proper handling 
techniques over half a million pounds of zirconium alloy have 
been made and that this has shown no flux problem to exist 
with the techniques used. I think I am correct in believing that 
the material referred to is ZK60 alloy extrusion with a minor 
proportion of EK30 sand castings. 

Now it is a relatively simple matter to produce acceptable zir- 
conium alloy extrusions, since not only can metal be gently 
siphoned or decanted from the alloying crucible, but the subse- 
quent extrusion process breaks up and disperses the character- 
istic primary chloride contamination so that only quite gross 
inclusions remain detectable after working. I would like to 
show in accompanying illustrations EK31 castings made with a 
proprietary American brand of ZrCl, and KV1, American elec- 
trolytic magnesium, and the standard British Melrasal fluxes. 
(Figs. 1A-2A) These castings were made by one of the leading 
British sand casting foundries who have themselves already 
handled over a million pounds of zirconium alloys. It will be 
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seen that the chloride contamination after machining and ex- 
posure for 48 hr to moist air is quite marked. This chloride 
contamination arises from entrapment of small amounts of the 
chloride alloying reaction product in clusters of insoluble zir- 
conium-rich particles, and it differs fundamentally from all 
chloride contamination in non-zirconium alloys in that it is 
persistent and cumulative, and is not removable on remelting 
or fluxing. As far back as June 1943 Magnesium Elektron Ltd. 
made several tons of ZK31 alloy via chlorozirconates, but it was 
decided that the chloride contamination, though not gross, was 
such as to render the metal unacceptable by British A.I.D. 
standards, and accordingly other alloying methods were investi- 
gated. We found, however, that, by incorporating about 15 per 
cent BaCl, in the chlorozirconate salt mixture used for alloying, 
primary chloride contamination can be considerably reduced 
(see Ref. 29), and with over 30 per cent BaCl, it can be entirely 
prevented. (Fluxes rich in BaCl, are also required to obtain 
zirconium alloys free from chlorides). 

Nearly all of the chloride contamination appearing in Figs. 1 
and 2 is too light to be seen except on a machined surface after 
exposure to damp air, and is probably in itself of no cousequence 
from any point of view. Unfortunately a few more serious in- 
clusions are present, Figs. 1 and 2 each showing one such. These 
castings are in my experience typical of what can be achieved 
using ZrCl,-KCl mixtures and normal fluxes without additions 
of BaCl,. Examination of many such castings has shown that it 
is only necessary to expose a sufficiently large surface area in 
order to find one or more really objectionable inclusions, and 
that the best way to avoid these is to employ fluxes and alloying 
methods which do not introduce even light contamination into 
the final alloy. 

A further point about this chloride contamination is that, 
where insufficient BaCl, is used to ensure absence of chloride 
contamination, ZK51 castings may show objectionable contamin- 
ation and EK3I castings very appreciable contamination under 
conditions where EK30 castings are quite acceptable: a full 
zirconium content makes it more difficult for any chloride con- 
taminated particles to settle through the melt; and moreover 
EK31 alloy possesses acceptable properties at 0.5-0.6 per cent 
zirconium which permits the metal after alloying to be trans- 
ferred away from the fluid salt residue into a separate crucible 
where it may be further refined before pouring castings. Such 
transfers are impracticable with ZK51, since if the melt is not 
saturated with zirconium at the time of pouring the castings may 
show microporosity, hot cracking and unacceptable tensile prop- 
erties. The object of these remarks is to warn the authors 
against dismissing the chloride contamination problem as of no 
account merely on the results of extensive production experience 
of ZK60 and EK30. I make this point because I feel that the 
question of chloride contamination has not been given the atten- 
tion on this side of the Atlantic that it deserves. 





Fig. 1A—EK31 alloy sand casting machined and exposed to 80 
pet relative humidity for 48 hr. (Alloy made with proprietary 


salt mixture of ZCI, and KCI, using standard British fluxes. 
Nominal Zr addition, 2.4 pct. Approx. \4 actual size. 


Fig. 2A—EK30 alloy sand casting machined and exposed to 80 

pet relative humidity for 48 hr. (Alloy made with proprietary 

salt mixture of ZCI, and KCI using standard British fluxes. 
Nominal Zr addition, 1 pct. Approx. \4 actual size. 
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In both the present paper and that on ZK51A a modified 
flux containing 20 per cent BaCl, is mentioned. We found that 
20 per cent BaCl, is about the minimum BaCl, content which 
will prevent appreciable dispersion of flux in the alloy (see Ref. 
$1) but that at least 30 per cent BaCl, is desirable. We would 
not use or recommend a flux containing less than 30 per cent 
BaCl, for alloys with full zirconium content, eg. ZK51A. 

8. The conclusions reached by the authors on alloying via 
fluozirconates are quite misleading. No information appears to 
be given about the proportions of the other salts added to KZrF, 
(Table 3) but with almost any proportions there should not 
have been difficulty in consistently achieving saturation with a 
3 per cent addition of zirconium. Had the authors investigated 
the effect of alloying temperature on zirconium introduction, as 
they did with other mixtures, they would have found that at 
1500 F these mixtures alloy quite satisfactorily. The authors are 
right to call attention to a barium introduced with the zir- 
conium, and they indicate how this has arisen. Nothing is said 
as to how entry of barium might be presented. Small amounts 
of barium damage tensile properties in the sand-cast state, and 
in any commercial process involving fluozirconates it is essential 
to arrange that the alloying salt mixture used shall not intro- 
duce barium. None of the salt mixtures indicated in Table 3 
would give alloys with acceptable tensile properties in sand 
castings, even had the full zirconium content been introduced. 
Again the salt mixtures of Table 5 would be useless for making 
alloys for sand casting. 

4. Violent reactions between’ magnesium and K,ZrF, with 
small KCl additions are promoted mainly by partial reduction of 
KF with liberation of potassium vapor. With sufficient KCl to 
suppress reduction of KF, it is quite safe to pour molten mag- 
nesium on to K.ZrF,-KCl mixtures. We made a 1-ton melt of 
ZK31 alloy by this process in 1945. With little or no KCl pres- 
ent the reaction is violent even if the salts are poured into the 
magnesium. 

5. ZrF, without other additions can be alloyed much more 
efficiently than the authors’ results suggest. For instance with a 
4 per cent zirconium addition we have introduced 0.6-0.75 per 
cent into pure magnesium. It appears that the authors have 
stirred the powder into the metal using much flux to prevent 
burning, and it seems likely that they may have wetted the ZrF, 
particles with flux and so partially blanketed the ZrF, from 
contact with the magnesium. In such a case it would seem better 
either to pour the magnesium on to the fluoride, so preventing 
wetting by flux at the outset, or to dissolve the ZrF, first in some 
suitable halide mixture. The alloying properties of ZrF, however 
depend to some extent on its physical state and method of 
preparation, and it may be that the authors have not used the 
most favorable material in their tests, 

6. The information given about the K30A zirconium master 
alloy is of interest to us since we have had a good deal of experi- 
ence with master alloys of this type. Originally in 1944 we made 
master alloys by pouring magnesium saturated with zirconium 
on to alkali metal chlorozirconates, stirring to effect reaction, 
pouring off the excess metal and salt reaction product, and ex- 
pressing the residual chlorides as far as possible. (For method 
used see Ref. 29). In 1946 we made half a ton of master alloy 
from’ salt mixtures containing ZrCl,, alkali metal chlorides and 
BaCl,, the BaCl, being added to avoid introducing chloride con- 
tamination into casting from the residual chloride in the master 
alloy (about 7 per cent). We found that with over about 30 
per cent BaCl, in the salt mixture, residual contamination in the 
castings was suppressed, and that with 15 per cent BaCl, it was 
considerably reduced. This master alloy contained about 30 per 
cent zirconium. It was used to make prototype zirconium alloy 
sand castings in British foundries. Despite many attractive fea- 
tures we decided to abandon this master alloy in favor of a 
master salt process. The reasons were partly technical and partly 
economic. With these master alloys we obtained results which 
agree closely with those of the authors shown in Fig. 10, and 
which incidentally are similar to those achieved by the master 
salt process in which a 2 per cent addition of zirconium will in- 
troduce 0.6 per cent zirconium solubly into magnesium. (The 
latter process has now been in commercial operation for over 
five years, and well over three million pounds of master salt 
have been used in foundries in many countries, including the 
U.S.A. and Canada.) 

It would be interesting to hear from the authors whether the 
master alloy they describe would differ significantly from the 
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type we have used. What for example is the chloride content 
of the K30A master alloy, and how much BaCl, does it contain? 
Although detailed economics of zirconium alloying probably lie 
rather beyond the intended scope of the present paper, it would 
be interesting if some indication could be given of the probable 
price for the K30A master alloy, and the cost of using it to make 
zirconium alloys, e.g. in relation to that of alloying with pro. 
prietary salt mixtures containing ZrCl,. One would assume that 
if the master alloy is made from the latter it would be appre- 
ciably more expensive in use, as we ourselves found. 

7. The authors query a published statement that ZrF, is in 
soluble in KCl. When we added only a very small quantity of 
ZrF, to molten KCL, the clear melt became cloudy; and on add 
ing an equal weight of ZrF, the melt gave a distinct KCl pat- 
tern when examined by X-ray diffraction (Fig. 3A). The remain- 
ing lines do not necessarily indicate a compound of ZrF, and 
KCl: they may be due to some decomposition product of ZrF, 
of which there are a considerable number. 


Cc. 


Fig. 3A—X-ray diffraction pattern of a prefused melt of ZrF, 

and KCI(B) showing presence of KCI(A). Top (A), KCl; 

Center (B) fused KCI-ZrF, (50/50 by wght.) and Bottom (C) 
ZrF, (Monoclinic). 


With ZrF,-KCl mixtures the authors have introduced consid- 
erable amounts of zirconium into magnesium. If the fluxes used 
contained MgCl, and perhaps BaCl,, I would expect this, since 
these salts will chlorinate ZrF, to ZrCl, which alloys readily. To 
test ZrF,-KCl mixtures per se it would be necessary to use a 
NaCl-KCl flux. 

8. The excellent alloying results obtained with Kroll process 
zirconium sponge and with pure zirconium powder are of great 
interest, as they show quite definitely that, when sufficiently 
pure, zirconium metal can be alloyed with magnesium up to the 
highest levels. We have never managed to incorporate more 
than 0.55 per cent zirconium in true solution in magnesium using 
any metallic form of zirconium, and had been inclined to won- 
der whether it was possible to exceed the peritectic concentration 
in this way. On the other hand, to what do the authors attribute 
the poor alloying efficiency, of the raw (unsublimed) sponge 
containing MgCl, both as received and after leaching? And 
might the same condition sometimes affect the K30A hardener 
which also contains some MgCl,? 

The Appendix is of considerable value as an index to the pub- 
lished literature on the subject. I think however that for the 
purposes of tracing the historical development it would have 
been better if the patents, which form a considerable proportion 
of the references, had been mentioned in the order of their 
filing dates rather than their publication dates. This applies 
mainly to British patents; most of those forming references 41-48 
and published in April, 1951, were actually filed in 1945. A 
remark in the appendix that Ball states that sinks rather than 
microporosity form in poorly fed sections of ZK51 requires cor- 
rection: the remark related to EK31 alloy. 

Finally, may I ask some ‘questions on analytical methods: 
Why was sulphuric acid used to distinguish between metallo- 
graphically soluble and insoluble zirconium? Do the high an- 
alyzed soluble zirconium contents obtained on alloying with 
sponge in comparison with ZrCl, correspond with metallographi- 
cal reality, or do they result from the presence of larger propor- 
tions of undissolved zirconium which are appreciably attacked 
during dissolution of the sample? How much “soluble zir- 
conium” would this analytical method indicate if applied to 
K30A hardener containing, say, 50 per cent zirconium? The 
paper refers to some exceedingly small barium contents. Can 
the authors please say how these were determined? And what 
reagent is used for the colorimetric determination of zirconium? 
(We use Alizarin S.) 
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Messrs. SAUNDERS AND STRIETER (Written Reply to Mr. Emley): 
Dr. Emley states that the paper does not enable a decision to be 
made as to which is the best alloying method for zirconium. The 
conclusions point out that each foundry must, because of its 
individuality, choose its own method. The paper rather clearly 
shows that the master alloy described in the text is a particularly 
good alloying agent. 

Dr. Emley mentions that “quite a few of the alloying mixtures 
tested would produce ZK51 showing pronounced tendency to 
microporosity and unacceptably low tensile properties, even 
with a full zirconium content.” It is unfortunate that Dr. Emley 
neither presents data nor explains to which mixtures he refers. 
If he refers to the fluozirconate or “inert fluorides” which furnish 
certain of the more electropositive metal contamination, (i.e., 
Li, K, Ba, etc.) we should tend to agree with him. On the other 
hand, if the remarks are aimed at the chlorozirconate type of 
agent, we can state that our properties, as shown in the Hilde- 
brand and Strieter® paper, are equal to those properties reported 
by both Ball"* and Wilkinson.* 

Dr. Emley is concerned that American attention to flux con- 
tamination has not been rigid. Dr. Emley’s past work has es- 
tablished a noteworthy reputation in laboratory phases of work 
related to flux contamination and he has made definite contribu- 
tions to the art. One must, however, recognize that a boundary 
exists between research techniques and the practical considera- 
tions of producing a salable item. Certainly we would agree 
that Dr. Emley’s photos of EK31 castings appear to be badly con- 
taminated. Castings of this quality would indicate unusually 
poor foundry practice. It certainly is not typical of the hundreds 
of thousands of pounds of rare earth metal and zirconium con- 
taining magnesium castings which have been satisfactorily pro- 
duced in this country for jet aircraft engine parts. 

The mixtures shown in Table 5 are claimed by Dr. Emley 
to be “useless” for making sand castings. The authors are un- 
certain as to the basis for this blanket statement, but assume 
that it is based on the fear that contamination by such impuri- 
ties as Na, K, Be, etc. (which seems to be inherent with fluozir- 
conate-type agents), would cause lowered tensile properties. 
Actually, the results achieved by using some of these mixtures 
were quite interesting. For example, the first fluoride mixture 
shown in Table 5 has resulted in ZK51A alloy which, although 
containing as little as 0.52 per cent soluble Zr and 0.004 per 
cent Na, displayed the following tensile properties in separately 
sand-cast test bars tested in the T6 condition: 7% El, 27,000 psi 
yield strength, and 42,000 psi ultimate strength. Certainly these 
properties would not support a conclusion that this alloying 
material would have no utility. 

The master alloy K30A contains about 7 per cent chlorides 
with little or no BaCl, present. Our experience has shown that 
it is not necessary to add BaCl, to the master alloy to achieve 
satisfactory freedom from flux contamination. It is currently 
slightly n ore expensive per pound of contained zirconium than, 
say, ZrCl,-KCl salts; however, the final cost can be measured 
only when all economic and technical aspects of the process are 
considered. Thus, although the master alloy initially costs more 
than chlorozirconates and some fluozirconates, rare earth metals 
are not lost in alloying, and the convenience of using a hardener 
rather than large quantities of salts more than counterbalances 
the initial price differential. 

The X-ray diffraction patterns shown by Dr. Emley are inter- 
esting. The ZrF, pattern agrees with our ZrF, standards but 
contains, in addition, what seems to be another phase. 

The ZrF,-KCl pattern is different from the pattern we obtain 
when fusing equal parts of KCl and ZrF, Dr. Emley’s pattern 
contains KCl and a phase which we would call K,ZrF, - KCl. 
Our melts show KCl and a different phase which may be iso- 
morphous and larger than the K,ZrF, + KCl. 

An answer to the question about the poor alloying efficiency 
of the raw (unsublimed) zirconium sponge containing MgCl, 
might be found in the reference of Ball, Jessup, Emley, and 
Fisher“ which states that combined H,O has a strong inhibiting 
effect on Zr alloying: that is, the hygroscopic MgCl, phase 
(which constituted about 50 per cent of the agent) probably 
picked-up some H,O and the H,O did inhibit the final alloying. 
Since the MgCl, content of K30A is less than 10 per cent of that 
in the raw sponge mixture, there is a much lower possibility of 
absorbing H,O. In addition, practical experience, as well as 
laboratory test, has shown that there is no problem relative to 
moisture absorption when the hardener is properly handled. 
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We are grateful for Dr. Emley’s correction of the statement of 
the Appendix which quotes Ball" as stating that sinks are found 
in poorly-fed sections of Mg+5Zn+Zr alloy (ZK51A) rather 
than microporosity. As Dr. Emley points out, the statement is 
related to Mg+3rare earth+Zr alloy (EK31). 

With reference to the analytical method question about the 
use of H.SO,, we have tested HCl, HNO,, and H,SO, to distin- 
guish between soluble and insoluble zirconium. No differences 
were detected and all three acids yielded the same results. 

It is doubted that higher amounts of undissolved zirconium 
exist in alloy made from zirconium sponge. One might actually 
expect more undissolved Zr in any Zr salt-produced alloy be- 
cause there should be smaller particles of zirconium in the latter 
melts and these smaller particles would settle more slowly. 
Further, if the solute acid has a tendency to dissolve Zr particles, 
the smaller particles should, of course, be expected to be more 
appreciably attacked during dissolution. 

Barium contents were determined by spectrochemical tech- 
niques. The alloy sample was dissolved and loaded on purified 
graphite electrodes and sparked in an Enns-type spark source in 
a 3 meter grating spectrograph. 

Our colorimetric analysis technique uses Alizarin red § as a 
reagent.™ 

J. W. Meter (Wriiten Discussion):* This paper has to be con- 
sidered as a major contribution to published information on the 
growing family of zirconium-containing magnesium alloys and 
the authors are to be congratulated for their fine work. As re- 
ported earlier® we conducted a similar investigation of various 
zirconium-containing alloying agents and our findings confirm, 
in general, the results obtained in this paper, with the exception 
that we were unable to obtain highest “effective” zirconium con- 
tents using pure zirconium. We found that the most consistent 
and most effective alloying mixtures are those based on or, at 
least, containing some zirconium chloride compounds. We believe 
that the exceptionally high properties obtained using zirconium 
chloride compounds are due to the efficient refining and degas- 
sing action of these fluxes. Especially important seems to be the 
removal of hydrogen which affects greatly the solubility of zir- 
conium in magnesium and magnesium alloys. 

It is interesting to note that attempts at using proprietary 
alloying methods based on various zirconium fluoride compounds 
in the production of the high strength magnesium casting alloy 
ZK61 were rather unsuccessful. Fully heat treated test bars cast 
from fluoride-treated melts show consistently lower tensile prop- 
erties than similar test bars from chloride-treated melts and 
these differences are quite substantial, i.e. 5-6,000 psi UTS and 
2-3,000 psi 0.2°% PS. 

Recent experiments with a master alloy similar to that desig- 
nated by the authors as K30A, showed very good results and it 
can be recommended in all cases where the addition of large 
amounts of salts has to be avoided, although the two-step melt- 
ing Operation may be more costly. 

Another very interesting master alloy technique, not men- 
tioned in the paper, proposed by S. C. Pyk in U.S. Patent 2,558,- 
627 (1951), consists of using various zinc-zirconium or zinc- 
zirconium-magnesium master alloys produced by an electrolytic 
process whereby the proportion of these metals can be altered 
by high-vacuum treatments at various temperatures (partial 
distillation of zinc). The practical application and efficiency of 
this method has to be proven. 

MEssrs, SAUNDERS AND STRIETER (Written Reply to Mr. Meier): 
We are grateful for Mr. Meier's addition to the U. S. Patent 
2,558,627. We are also pleased that Mr. Meier's experience would 
lead him to essentially agree with our work related specifically 
to the master alloy. 

It is doubted that the ZrCl, compounds would actually remove 
hydrogen, but we would agree that the resulting MgCl, salts 
should be efficient refining materials. 

It is possible that the lower physical properties for alloy pre- 
pared from ZrF, compounds might be related to contamination 
by some of the more electropositive metals introduced via the 
fluoride decomposition by magnesium. 

C. E. Netson:* It should be kept in mind that the purpose of 
this paper was to present, for all to see, a general survey of 
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some of the various chemical possibilitites and methods of alloy- 
ing zirconium with magnesium. The data show that full soluble 
or effective zirconium contents can be obtained by many methods 
and there was no intent in the paper to either promote or dis- 
credit any particular proprietary method. 

The discussion of this paper has mentioned proprietary meth- 
ods quite extensively and I would just like to say that we are 
certain that the fluoride alloying methods used in England are 
good and adequate methods, but furthermore, the entire range 
of zirconium alloys, with or without rare-earths or zinc, have 
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been and are being made on large commercial scale in th: 
United States, using the Mg-Zr hardener derived from ZrC\, 
reduction with magnesium or using ZrCl, base materials. The: 
is no problem in getting the full effective Zr content and, con 
trary to implications in some of the discussion, there is m 
problem in making high quality castings free from harmfu! 
inclusions. 

It would appear that the actual choice of the specific alloyin; 
method rests primarily on economics of the over-all process and 
this may conceivably be different in various countries, 


MECHANICAL PROPERTIES OF SAND CAST 
MAGNESIUM-ZINC-ZIRCONIUM ALLOYS 


By 


J. F. Hildebrand* and F. P. Strieter* 


Introduction 


During the past decade the increasing use of mag- 
nesium has been further extended by the appearance 
of new and better alloys. The field of application 
for these new alloys is ever broadening. 

The recent papers by Leontis,1:? Nelson and Striet- 
er,s+ and their predecessors illustrate the improved 
elevated temperature properties obtained on mag- 
nesium-rare earth metal-zirconium alloys. Aircraft en- 
gine manufacturers have been making increased use 
of these alloys. 

New to the list of potential future magnesium sand 
casting alloys is ZK51A, also referred to by British 
investigators as Z5Z. ZK51A is the proposed ASTM 
designation for a magnesium alloy containing about 
5 per cent zinc and 0.7 per cent zirconium. This al- 
loy, while showing promise of having interesting 
mechanical properties, has not been proven in service 
to the same extent as the magnesium-rare earth metal- 
zirconium alloys. It presents a number of foundry 
castability problems, such as slight porosity and sur- 
face defects, which will need to be solved before the 
alloy can take an accepted place among standard 
magnesium casting alloys. 

The initial work on this alloy system was done in 
Germany® where the alloying of zirconium to magne- 
sium was intensively studied in the years just prior to 
World War II. This early work was expanded upon 
by investigators in Great Britain® where a magnesium- 
5 per cent zinc-0.6 per cent zirconium composition 
was. developed as a sand casting alloy. 

Coincidently with this development was that of a 
magnesium-6 per cent zinc-0.6 per. cent zirconium 
composition which was exploited in the United States? 
for extrusions. More recently considerable discus- 
sion and experimental development has taken place 
in Canada and the United States on the sand cast- 
ing of Mg-Zn-Zr alloys. Meier and Martinson’ have 
shown the tensile properties which can be obtained in 
a Mg-6 per cent Zn-0.7 per cent Zr alloy in the heat 
treated and aged condition. It is the intent of this 
paper to present some of the mechanical properties 





* Metallurgical Laboratories, The Dow Chemical Co., Mid- 
land, Mich. 
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which can be achieved in sand castings of Mg-5 per 
cent Zn-0.7 per cent Zr alloys following a simple 
aging treatment. 

The tests show that ZK51A alloy, when aged at 
350 F for 12 hr, exhibits a good combination of 
static and dynamic mechanical properties. In most 
respects the properties of this alloy are similar to the 
present commercial alloys; AZ9I1C, AZ92A, and AZ 
63A. The new alloy does have better ductility at a 
high level of yield strength. ‘This may be an indica- 
tion that castings in the new alloy will sustain a high- 
er static load than the present alloys. 


Procedures 


The melts required for this work were made up 
using 99.8 per cent purity electrolytic cell magnesium 
and 99.99 per cent purity zinc. The zirconium was 
obtained from two different sources. The zirconium 
in some of the melts came from a fused salt contain- 
ing about 50 per cent ZrCl, and 50 per cent alkali 
metal chlorides. The procedure for its use was de- 
scribed by Doan and Ansel.? The balance of the 
melts were alloyed with a laboratory produced Mg- 
Zr hardener currently described by Saunders and 
Strieter.° The melting, handling and pouring proced- 
ures followed the crucible practice described by Nel- 
son,)° except that a flux containing 20 per cent BaCl, 
was used. 

Sand cast test bars and panels were poured from 
20- or 60-lb melts. The molds were made of regular 
magnesium foundry sand containing sulphur and 
boric acid inhibitors. The test bars were standard 
cast to shape 14-in. diameter reduced section tensile 
bars. The panels, which were machined to the de- 
sired dimensions for fatigue tests, were 8 x 4 x %e 
in. Special panels 7 x 2 x 7%» in. were cast for re- 
laxation specimens. 

Radiographs’ of the test bars and panels showed 
that they were substantially free of porosity, segrega- 
tion and oxide skins. 

Separately cast samples, poured immediately before 


- the test bars or panels, were used for chemical and 


wr 


spectrographic analyses. Except for the expected de- 
crease in iron content, the analysis of impurity ele- 
ments revealed little, if any, variation from that of 
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Fig. 1—Effect of zirconium content on grain size of ZK51 
alloy. 


the cell magnesium. The iron content was reduced 
by the settling action of the zirconium as described 
by Beck™ and by Stroup and Sager.!* 

A chemical analysis was used to establish the zinc 
and zirconium contents of the alloys. Both acid 
soluble and acid insoluble zirconium analyses were 
made on several melts, but the acid soluble zircon- 
ium obtained on all alloys was considered indicative 
of the zirconium content. The zirconium contents 
were obtained by either of two different chemical 
methods—gravimetric!® and colorimetric.'+ 


Experimental Work 


Before obtaining the mechanical properties of ZK- 
51A alloy, some preliminary studies were made to 
establish the desired composition range and aging 
treatments. 

The dependence of the grain refinement of mag- 
nesium-zirconium alloys on the amount of zircon- 
ium in solution with the magnesium was reported by 
Sauerwald.® Meier and Martinson® also showed the 
importance of the zirconium content on the grain 
size and mechanical properties of ZK6] alloy (a mag- 
nesium alloy containing 6 per cent zinc and over 0.7 
per cent zirconium). Their tensile data, however, 
are correlated to the total zirconium content. 

The effect of the acid soluble zirconium content on 
the grain size of the test bars of individual Mg-5 per 
cent Zn-Zr alloys is shown in Fig. 1. Several melts 
with intentionally low zirconium were made to de- 
termine what grain size might be anticipated. As the 
curve shows, there is a wide range of grain size when 
the soluble zirconium content falls below 0.7 per cent, 
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and only when the soluble zirconium content ex- 
ceeds this value is there assurance of obtaining a fine 
grain alloy. 

The importance of the zirconium content on the 
tensile properties was reflected in the various heat 
treatments tried on magnesium-zinc-zirconium alloys. 
Sauerwald® suggested tempering Mg-2 per cent Cd 
2 per cent Zn-Zr alloys at 250 C (482 F) for 15 hr to 
increase the yield strength 50 per cent while retaining 
a 10 per cent elongation. The German ZB alloy 
(Mg-3 per cent Zn-0.5 per cent Zr) was annealed at 
280 C (536 F) for 5 hours according to Beck.!! Ball® 
has stated that Z5Z alloy (Mg-4.5 per cent Zn-0.7 per 
cent Zr) should be aged at 180 C (356 F) for 24 hr 
in order to obtain the best properties on sand cast 
material. More recently Ball’® recommends heat 
treating 2 hr at 330 C (625 F) and then aging 24 hr 
at 180 C (356 F) in order to relieve casting stresses. 

Doan and Ansel’ surveyed heat treatment tempera- 
tures up to 950 F and aging temperatures from 200- 
400 F on extruded ZK60A alloys (ASTM designation 
for a magnesium wrought alley containing nominally 
5.5 per cent Zn and 0.6 per cent Zr but a specified 
minimum of 0.45 per cent Zr). They stated that the 
high temperature treatments were detrimental to the 
tensile properties. Leontis? used a two-stage solution 
heat treatment on cast Mg-Zn-Zr alloys consisting of 
a 2-hr treatment at 675 F followed by a 14-hr treat- 
ment at 725 F. These alloys were subsequently aged 
at 350 F for 16 hr. 

More recently Meier and Martinson’ reported the 
results of an extensive program on the heat treat- 
ment,and aging cycles for cast ZK61 alloy. They con- 
cluded that the best properties were obtained after 
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Fig. 2—Effect of time at solution heat treatment tem- 
perature on the tensile properties of ZK51A alloys. 
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solution heat treating at 930 F for 2 hr and then 
aging at 300 F for 48 hr. 

Since the purpose of this investigation was to de- 
termine the properties of material aged directly from 
the as-cast condition, a group of test bars having 
greater than 0.7 per cent soluble zirconium was aged 
at various temperatures for different periods of time. 
The results of these tests, as shown in Table 1, re- 
vealed that essentially equal properties were obtained 
over a rather wide range of aging times and tempera- 
tures. It was decided that a treatment at 350 F for 
12 hr gave satisfactory properties and would be a 
practical treatment for commercial consideration. 

The possibility of a solution heat treatment was 
studied but will not be presented in detail. A group 
of tensile bars from several alloys which had soluble 
zirconium contents from 0.6 to 0.8 per cent were heat 
treated for various lengths of time at 930 F and sub- 
sequently aged at 300 F for 48 hr. The tensile proper- 
ties of these alloys were grouped according to the 
soluble zirconium content, above and below 0.7 per 
cent, and the resulting average properties are shown 
in Fig. 2. 

It may be seen that the alloys with less than 0.7 per 
cent soluble zirconium which were solution heat treat- 
ed at 930 F for 10 to 12 hr followed by aging have 
tensile properties nearly equivalent to those obtained 
on the alloys with greater than 0.7 per cent soluble 
Zr which were only aged at 350 F for 12 hr. Or, ob- 
serving the data in a different light, it may be seen 
that the alloys with soluble zirconium contents above 
0.7 per cent and aged only developed tensile prop- 
erties as high as those obtained by solution heat 
treating and aging. 

Equivalent tensile properties cannot be obtained 
with a simple aging treatment if the soluble zircon- 
ium content is less than 0.7 per cent. Table 1, which 
shows the tensile properties in the various aged con- 
ditions, also lists for comparison the properties ob- 
tainable in as-cast, solution treated, and solution 
treated and aged test bars. 

Further tensile tests were made on alloys contain- 
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Zr alloys in the T-5 condition. 


ing essentially the maximum soluble zirconium con- 
tent, but with increasing zinc contents, i.e., from zero 
to 6 per cent. These alloys were given the previously 
selected aging treatment at 350 F for 12 hr. The re- 
sults of the tensile tests are plotted as a function of 
zinc content in Fig. 3. It may be seen that at 4.5 per 
cent zinc the curve of the yield strength levels off 
showing no significant change from 4.5 to 5.5 per 
cent zinc. 

The facts presented seem to establish a composition 
for ZK51A alloy around 4.5 to 5.0 per cent zinc, with 


TABLE 1—-TENSILE PROPERTIES OF SEPARATELY Cast ZK51A Test Bars AFTER VARIOUS HEAT TREATMENTS 








ASTM Treatment Tensile Yield Elong- 
Temper ~ Time, — Temp., Strength, Strength,* ation, 
Designation Condition hr F 1000 psi 1000 psi % in 2 in. 
F As-Cast 38 21 9 
T5 Aged 12 275 40 25 9 
24 275 40 26 8 
48 275 39 26 5 
12 300 41 26 8 
24 300 41 27 8 
48 300 41 28 8 
6 350 40 26 8 
12 350 41 27 8 
24 350 41 26 8 
6 400 40 25 8 
12 400 40 26 9 
Solution 
T4 Heat 11 930 36 14 15 
Treated 
Solution 
T6 Treated 11 930 
and Aged 48 300 42 28 7 


* Yield strengths listed in all tables were determined by the 
0.2% offset method, using an autographic stress strain curve. 
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TABLE 2—COMPARATIVE TENSILE PROPERTIES OF BARS 
Cut From ZK51A CASTINGS AND SEPARATELY CAST 





Test Bars 
Tensile Yield Elong- 
Alloy Designation Strength, Strength, ation, 


and Condition 1000 psi 1000 psi % in 2 in. 





ZK51A-T5 bars cut range 31-41 21-28 2-13 
from casting ave. 37 24 6 
ZK51A-T5 separately range 39-42 26-28 5-10 
cast test bars ave. 41 27 8 





a 0.7 per cent minimum soluble zirconium content. 
This alloy is aged at 350 F for 12 hr to produce opti- 
mum tensile properties. For convenience, in this paper 
the composition and heat treatment are designated as 
ZK51A-T5 according to the ASTM system of nomen- 
clature. Alloys meeting these specifications were used 
to determine the other mechanical properties re- 
ported here. 


Evaluation of Properties 


A group of 48 tensile test bars was machined from 
four ZK51A sand cast aircraft landing wheels which 
were about 18 in. in diameter. The castings had 
been aged from the cast state for 12 hr at 350 F. The 
range of properties obtained and the average values 
are recorded in Table 2. For comparison purposes 
this table also lists the range and average properties 
typical of separately cast test bars. From these rather 
meager data it appears that the spread between the 
average properties of the separately cast test bars and 
the bars cut from the castings is smaller in this alloy 
than is normally encountered in the conventional Mg- 
Al-Zn alloys. 

A group of important mechanical properties of 
ZK51A-T5 alloy is listed in Table 3 where they can 
be compared with the corresponding properties of 
AZ92A-T6 and AZ63A-T4.* The ductility of ZK51A- 
T5 as illustrated here by the elongation and reduc- 
tion in area (the latter was measured on a machined 
surface test bar) shows that ZK51A-T5 alloy is inter- 
mediate between AZ63A-T4 and AZ92A-T6. 

The hardness data were obtained on test bars and 
castings using a Brinell machine with a 500-kg load 
and a 10-mm steel ball. The impact tests were made 
on a modified Charpy specimen having a 45° V notch, 
but otherwise conforming to the standard Charpy 


* AZ92A-T6 is a Mg alloy containing 9.0 per cent Al and 2 
per cent Zn in the solution heat treated and aged condition. 
AZ63A-T4 is a Mg alloy containing 6 per cent Al and 3 per 
cent Zn in the solution heat treated condition. 
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bar dimensions. Unnotched Charpy bars were also 
tested, but the notched bar is believed to be more 
indicative of the actual service characteristics of the 
alloys. Both the hardness and impact strength of ZK- 
51A-T5 are intermediate between AZ63A-T4 and AZ- 
92A-T6. 

The shear and bearing strengths are also shown in 
Table 3. The shear strength was determined using 
the standard double shear test method. The bearing 
strengths were determined using an 8 x 2 x 1{-in. 
plate machined from a cast panel. The load was 
applied through a 4-in. pin inserted in a 14-in. cen- 
terline hole drilled and reamed to size at 1.5, 2.0, 2.5 
and 4.0 hole diameters from the end of the specimen. 

The area under test above the pin (between the 
pin and specimen edge) was unrestrained against 
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Fig. 4—Dimensions of the cantilever beam specimen 
used for relaxation tests. 





Fig. 5—Jig for cast cantilever relaxation specimen with 
weight pan and specimen. 


TaBLe 3—SOME PROPERTIES OF ZK51A-T5 COMPARED wWiTH AZ63A-T4 AND AZ92A-T6 




















Brinell 
Alloy Tensile Hardness 
Designation Properties Number, Impact Strength Shear Bearing Strength (1000 psi) 
and TS, YS, Elong., Red. in 500-kg load, notched,unnotched, Strength, 1.5D* 2.0D* 2.5D* 4.0D* 
Condition 1000 psi 1000 psi % in2in. area, % 10-mm ball ft-lb ft-lb 1000 psi YS TS YS TS YS TS YS TS 
ZK51A-T5 41 26 8 10 65 134 13 21.7 45 61 54 75 56 82 59 86 
AZ63A-T4** 40 14 12 14 55 414, 27 ] 388 44 44 60 46 70 
AZ92A-T6** 40 23 2 1 84 3/, 4 21 54 62 65 80 65 85 


*D = the hole diameter (14 in.). 1.5D, etc., is the distance 
from hole center to the edge of the specimen through which 
the load is applied. 

** Typical Test Bar Data. 
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TABLE 4—FATIGUE PROPERTIES OF ZK51A-T5 CoMPARED WITH AZ63A-T4 AND T6 AND AZ92A-T6 aT RooM AND 
ELEVATED TEMPERATURES 





R. R. Moore—Rotating Beam Fatigue 


Krouse Plate Bending Fatigue ** 





Notched Bar, 


Notched Bar, 








Alloy Plain Bar SCF*-2 SCF*-5 As-Cast Surface, Machined Surface, 
Designation Test stress (1000 psi) stress (1000 psi) stress (1000 psi) stress (1000 psi) stress (1000 psi) 
and Temp., at cycles at cycles at cycles at cycles at cycles 

Condition F 10° 10° 10° 10° 10° 110 10° 10° = 10° 10° 10° 
ZK51A-T5 70 11 9 11 9 10 6 15 7 6 17 10 9 
AZ63A-T4 70 18 14 12 8 8 7 12 10 8 15 13 12 
AZ92A-T6 70 18 15 1] 9 6 5 14 10 9 20 16 13 
ZK51A-T5 300 11 8 7 5 8 7 7 
AZ63A-T4 275 8 5 
AZ63A-T6 300 12 9 6 
AZ92A-T6 275 13.5 10 8.7 6 


*SCF—Stress Concentration Factor as determined from the 
geometry of the notch and nature of the applied load (Ref. 16). 

** Tests made for completely reversed stressing with a mean 
stress of zero. 





buckling by any clevis arrangement. The strain was 
recorded autographically in a manner that would 
give a precise measurement of the elongation of the 
hole. The yield strength was ascertained at a 0.2 per 
cent offset from the stress strain curve. Both the 
bearing and the shear strengths are better than those 
of AZ63A-T4 and approach closely the values re- 
ported for AZ92A-T6. 


Tests Represent Service Conditions 


The fatigue properties of ZK51A-T5 alloy are pre- 
sented in Table 4. R. R. Moore rotating beam and 
Krouse plate bending fatigue data were obtained at 
70 and 300 F. Similar data are shown in this table 
for AZ92A-T6 and AZ63A-T4 alloys. The test speci- 
mens and procedures are fully described by Found.1¢ 
Although fatigue tests are routinely made and re- 
ported by many laboratories, the results may not be 
a direct prediction of the serviceability of actual cast- 
ings. The rotating beam tests are made on polished 
surface bars rotated, under load, like an axle. 

The introduction of a notch is probably a closer 
approach to some of the conditions of service. The 
plate-bending tests, with either the as-cast or mach- 
ined surface, may be even more representative of 
service conditions. Because of the small number of 
tests run, the data are based on an average curve and 
hence do not adequately describe the scatter band 
which is characteristic of the laboratory fatigue tests. 
The data in Table 4, therefore, are interpreted to 
indicate that ZK51A-T5 cannot be expected to give 
better service performance under fatigue conditions 
than AZ92A or AZ63A alloys. 

The possibility of using ZK51A alloy at moderately 
elevated temperatures required an evaluation of its 
creep strength at these temperatures. The 100-hr 
creep tests were run using the method described by 
Moore and McDonald?’ and the results are recorded 
in Table 5. It must be remembered that scatter is also 
common in creep tests.* ZK51A-T5 is slightly better on 
the average than AZ92A or AZ63A up to 300 F, but 
at higher temperatures all three alloys lose strength 
rapidly. The differences in creep strength shown in 
Table 5 are not great enough to insure that there 
would be any difference in the creep strength of cast- 
ings made from these alloys. 


Additional investigations were conducted to deter- 
mine the growth characteristics of ZK51A alloy. Sev- 
eral measurements of growth were made on this alloy 
starting with as-cast material. The alloy did not show 
any growth during exposure for 200 hr at tempera- 
tures up to and including 400 F. The test procedure 
followed has been described by Leontis and Nelson?® 
who have shown that this was ample time to bring as- 
cast AZ92A or AZ63A alloys to essentially maximum 
growth at 350 F. It may be concluded that any pre- 
cipitation aging of ZK51A alloy causes very little 
linear dimensional change. 

Some stress relaxation tests were performed on as- 
cast ZK51A alloy using a uniformly stressed canti- 
lever beam. The specimen used for this test was con- 
toured to the dimensions shown in Fig. 4 from a cast 
panel 7%» in. thick. The specimen was then mounted 
in the steel jig as shown in Fig. 5. A load was ap- 
plied to the unsupported end to vroduce a prede- 
termined surface stress in the specimen. 

The deflection of the bar was maintained by a set 
screw. The load was removed before each heat treat- 
ment. The specimen and the jib were heated and 
cooled separately to prevent heat transfer from the 
specimen to the jig or vice versa. The jig and speci- 
men were carefully marked after the initial setting to 
insure accurate remounting after each stage of the 
test. The initial set screw adjustment and subsequent 
loadings were determined by using an electric cur- 
rent to signal the instant at which contact was made 
or broken between the specimen and the set screw. 


TABLE 5—CreEEP Limit IN 100 Hours or ZK51A-T5 
AS COMPARED WITH AZ63A-T6 AND AZ92A-T6 











Alloy Creep Limit * 
Designation Test 0.1% 0.2% 0.5% 
and Temp., Creep Total Total 
Condition F Extension Extension Extension 

ZK51A-T5 200 10.0 8.1 14.0 

300 5.0 5.0 11.4 

400 1.6 2.2 4.2 

AZ63A-T6 300 3.5 4.0 8.5 

400 1.3 1.8 2.8 

AZ92A-T6 200 8.5 7.8 13.5 

300 3.2 3.9 7.0 


* Stress in 1000 psi. 
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Fig. 6—Stress relaxation of ZK51A-F alloy as a function 
of time and temperature. 


After each heat treatment the load required to 
break the electrical circuit was converted to stress in 
the specimen using the equation for a uniformly 

6 PL 
stressed cantilever beam; § — ——————, where § is 
bd? 
the stress in the beam, P is the applied load, L is 
the beam length, and b and d are the beam width 
and thickness, respectively. The difference between 
the initial stress and the stress obtained after succes- 
sive times at heat treatment temperatures represent 
the degree of stress relief. 

These tests show that ZK51A in the as-cast condi- 
tion requires a prohibitively long time for stress re- 
lief at 350 F, but as the curves in Fig. 6 show, 95 per 
cent stress relief can be attained by a short 2-hr heat 
treatment at 600 F. This fact essentially substantiates 
the work reported by Payne?® who used the split ring 
and wedge technique to measure relaxation. 


Conclusions 

An alloy containing at least 0.7 per cent soluble 
zirconium and around 4.5 to 5.0 per cent zinc possesses 
an interesting set of mechanical properties. 

The heat treatment selected depends on the zir- 
conium content of the alloy, or the purpose for which 
the casting is to be used. One of the most interesting 
features of this alloy is the attainment of relatively 
good properties with only an aging treatment. 

In general, the properties are not unlike those of 
AZ92A-T6 alloy with one notable exception; ZK51A- 
T5 has a better ductility-yield strength ratio. 

ZK51A-T5 alloy has potential future uses in the 
structural casting field whenever this combination oi 
ductility and strength can be efficiently used. How- 


SAND CAst MAGNESIUM-ZINC-ZIRCONIUM ALLOoys 


ever, designs in which fatigue life is critical will re- 
quire actual service tests before the fatigue character- 
istics of this alloy can be established. 

The higher cost of this alloy and present difficulties 
in the foundry, such as surface imperfections, do 
not warrant extensive commercial use at the present 
time. 
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DISCUSSION 

Chairman: W. J. Kiayer, Aluminum Industries, Inc., Cin- 
cinnati. 

Co-Chairman: R. C. Boerum, Wellman Bronze & Aluminum 
Co., Cleveland. 

Recorder: W. J]. KLAYER. 

P. A. Fisuer (Written Discussion):' It is, I think, generally 
appreciated in the light alloy industry that the alloys based on 
the addition of zirconium to magnesium mark a most important 
advance in this field, and, having been engaged in this work 
myself for the past 8 or 9 years, it really is a pleasure to discuss 
various aspects of this work with other students of the same 
problems. 

I believe it is generally known in the trade that my Company 
and its associates have carried out a considerable amount of re- 
search and development work on magnesium-zirconium alloys. 
I find it rather surprising that the authors have not referred to 
this work in greater detail. ‘There have been at least three papers 
published dealing with the commercial expioitation of these 
alloys. One of these, by H. Millward, was published in the 
AMERICAN FOUNDRYMAN as recently as September, 1951. 

As pointed out by the authors, work on magnesium-zirconium 
alloys was first started in Germany, and in 1939 my Company 
commenced its research work using a mixture of zirconium 
chloride with sodium or potassium chloride, i.e., essentially the 
same mixture as used for part of the work described in this 
paper. A number of years of intensive work followed, from 
which a sufficient number of promising results were achieved to 
encourage us to believe that the alloy system was of great poten- 
tial value, but at the end of which we were forced to conclude 
that the use of salts of zirconium chloride, potassium and sodium 
chloride type was technically unacceptable. In other words our 
best results were outstanding, but owing to the use of the salt 
based on zirconium chloride, our overall scatter in results was 
too great. 


1 Metallurgist, Magnesium Elektron Ltd., Manchester, England. 
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Fig. 1A—Test casting GR14 showing position of test specimens. 
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Fig. 2A—Showing comparison of properties from test casting 
GR14 for alloys Z414Z (heat treated 16 hr at 200 C) and Elek- 
tron A8 (solution heat treated). 


Fig. 4A—Rear axle casting; weight 67% Ib. 


Fig 5A—Reduction gear casting; weight 75 Ib. 
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Fig. 6A (Left)—Air intake; weight 97 Ib. Fig. 7A (Right) 
Nose wheel leg weight 2651/2 Ib. 


At this stage, therefore, my Company started research work 
to evolve a more satisfactory method of introducing the zir- 
conium. During the course of this work, a considerable number 
of alloying methods were evolved and tested, including the use 
of the hardener mentioned in this paper. In carrying out this 
work, it was found that various alloying materials, while capable 
of introducing consistently over 0.7 per cent soluble zirconium, 
gave rise simultaneously to varying degrees of microporosity in 
the final alloy. As an instance of the effect of this porosity on 
tensile properties, one alloying material introduced 0.7 per cent 
soluble zirconium to Z5Z, but the tensile properties were: 

0.2% Yield Strength — 22,500 PSI 
U.TSS. — 24,000 PSI 
Elongation — 1% 
These low properties were not brought about by the presence 
of traces of foreign metals. 

In developing a suitable alloying material it was therefore nec- 
essary to provide a material which would consistently introduce 
at least 0.5 per cent soluble zirconium without giving rise to 
appreciable microporosity. 

Finally, a salt mixture which satisfied these requirements and 
which we term “Master Salt” was evolved. Using this material, 
the highest level of results obtained in the earlier work could 
be achieved consistently and the alloys produced in a simple and 
economical manner. 

At this time, 1946, the alloys were introduced to the trade. 
The new alloys could be classified into two distinct groups: 

1. For use at elevated temperatures. These are the alloys 
containing the rare earth metals with which we are not 
concerned at this meeting. 

2. An alloy possessing superior properties at room temper- 
ature; in particular characterized by a high value for yield 
strength, coupled with good ductility. This alloy was 
termed by us Z5Z, and is identical with Zk51, which is the 
subject of this paper. 

I should point out that our Z5Z alloy, although sometimes de- 
scribed as containing about 0.6 to 0.7 per cent zirconium has, in 
fact, always contained over about 0.7 per cent soluble zirconium 
as determined by chemical analysis. 

From the earliest days of the introduction of this alloy, my 
Company has aimed at simplicity of production coupled with a 
high level of properties. This, we found, was achievable by using 
a high level of zirconium content, which in itself is essential 
to ensure good castability, followed by a short simple heat treat- 
ment. The difficulty of ensuring a high level of zirconium con- 
tent while at the same time avoiding various other undesirable 
factors, which is so common to many alloying methods, was 
overcome by our development of the particular material and 
methods upon which our process is based. 

At this stage therefore, we had an alloy possessing high yield 
strength, high ultimate strength, and good ductility. This alloy 
also had the very great virtue that the properties of castings 
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made from it were much closer to those from separately cast 
testbars than is the case with the older alloys. Figure 1A shows 
a casting from which test coupons were cut. Figure 2A shows the 
properties obtained on these test coupons.* As soon as this 
alloy was introduced, the aircraft industry showed an immediate 
interest in it, and very soon prototype castings were being 
produced. That interest has continued, and the results of the 
prototype castings fully justified our faith in the alloy and so 
the use of the alloy has gradually grown. Since its introduction 
many hundreds of tons of castings in this alloy have been made 
and used, and it is now accepted by foundries engaged in its 
manufacture as a normal production alloy, the demand for 
which increases daily as new aircraft and other types of equip- 
ment come into production. As an example of the use of this 
alloy, I should mention that the British “Comet” Aircraft, which 
today is making the first flight of the first regular passenger serv- 
ice operated by a jet propelled plane, contains over 1,000 mag- 
nesium alloy castings, the majority of which are in this new 
alloy. 

To illustrate some of the castings now being produced in this 
alloy, I would like to show you five illustrations (Figs. 3A-7A). 

I think I have now said enough to outline the development of 
this alloy in England, and to convince you that the alloy is and 
has been for some years, in regular commercial production. 

You may well be wondering, in view of my remarks, why it is 
that the authors of the present paper are compelled to con- 
clude, as a result of their work, that this alloy “does not warrant 
intensive commercial use at the present time.” The answer to 
this is quite simple. If the method used for alloying zirconium 
is unsatisfactory, then the alloy will also be unsatisfactory both 
in foundry behavior and mechanical properties. The authors 
have, in effect, I believe, reached the same conclusions which 
my Company reached a number of years ago, i.e., the method of 
introducing zirconium based on the use of zirconium chloride is 
just not good enough for Zk51 alloy. 

With this fact in mind, it is easy to see why the authors have 
chosen to examine the possibilities of achieving a high level of 
properties by resorting to a difficult and prolonged heat treat- 
ment. In our experience, the materials and techniques described 
in the paper are inadequate to achieve consistently the high level 
of properties in castings which can be obtained by a simple short 
heat treatment. I would ask the authors if they have attempted 
to heat treat Zk51 castings of any complexity at 930 F, a temper- 
ature at which the alloy is almost plastic. The problem is, 
however, much more complex than this. Our work has shown 
that the response to heat treatment at 930 F varies with the 
true soluble zirconium content of the alloy and the section 
thickness of the casting. In other words, to achieve a high 
level of properties, the duration and temperature of the solution 
treatment would require adjustment to suit the soluble zir- 
conium content and section thickness of individual castings. One 
can imagine the practical consequences of attempting to operate 
such a process. 

In fairness to the authors, I agree that this paper is valuable 
in confirming some of the favorable characteristics of this alloy. 
Considering the mechanical properties listed in Table 3 one can 
see the order of tensile properties achievable. The high level of 
properties obtained in actual castings is mentioned, and I can 
confirm that this is a well proved feature of this alloy when 
made correctly. The authors, in my opinion, do not pay enough 
attention to the properties achievable from actual castings when 
comparing the level of tensile properties with those shown 
by the aluminum containing alloys. Tests on actual castings 
have shown that the level of ultimate strength in Z5Z is 9 to 40 
per cent better than that for the older alloys. This is achieved 
with good ductility which in AZ92T6 is frequently much lower 
than that indicated by the value of 2 per cent elongation quoted 
in this paper. 

With regard to fatigue strength, I agree with the authors that 
it is difficult to correlate the values obtained from separately 
cast specimens with those of the actual casting, and the desirable 
aim is to test the casting itself. Probably the most searching 
fatigue duty to which a magnesium alloy casting is subjected is 
in the aircraft landing wheel. My Company has experience of 
endurance tests carried out on landing wheels which show that 





* Note: The designation ‘‘Z5Z” had not been allocated to this alloy at the 
time these illustrations were prepared: the illustrations, therefore, show the 
alloy under its temporary designation, Z414Z.” 
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Z5Z wheels have improved life over those made from the older 
alloys. However, fatigue tests on landing wheels are themselves 
somewhat difficult to evaluate and the ultimate test is service 
experience. Some years ago, a large number of landing wheels 
in Z5Z were put into service in England on various new types of 
aircraft and the necessary service experience is now being ob- 
tained. I should add that, so far, no case of failure has been 
reported. 

To sum up then, the alloy investigated by the authors has been 
in commercial production for a number of years, giving the 
interesting properties mentioned by the authors, and is com- 
mercially available in this country now. I believe that the 
authors’ inability to achieve consistently the high level of prop- 
erties possible from this system is due to their use of inadequate 
alloying materials, but I am frankly quite puzzled at their refer- 
ence to surface defects and would like further details of this. 

Finally, I would suggest that the last paragraph of the con- 
clusion of this paper should be modified to restrict the applica- 
tion of this conclusion to the alloy when made from the alloying 
materials described in this paper. 

MEssrs, HILDEBRAND AND STRIETER (Reply to Mr. Fisher): Much 
of the discussion by Mr. Fisher is extraneous to this particular 
paper and has been covered in a companion paper “Alloying 
Zirconium to Magnesium” by W. P. Saunders and F. P. Strieter. 
(See pp. 581-594 in this volume.) 

A study of the present paper would indicate specifically that 
there is no basic conflict between the present authors and Mr. 
Fisher in the matter of the ZK51 alloy composition, paritcularly 
minimum Zr content, tensile properties, either from castings or 
test bars, or in the preferred method of aging directly from the 
cast state. 

This brings us to the main issue of his discussion, namely, 
the servicability characteristics. For most parts, in order to 
lighten the casting or increase its strength-weight ratio, an alloy 
is needed that possesses better fatigue characteristics than cur- 
rent alloys, since most service failures are due to fatigue. ZK51 
does not appear to offer any advantage in this direction. 

The information on castings made in England from this alloy 
is very interesting. We will look forward to learning of some 
factual data on the servicability of this alloy compared with 
alloys previously used. 

We feel strongly that ZK51 has poor castability. This has 
been true, regardless of the source of Zr. Surface defects such 
as cracks, shrinks, and draws are the main factors. It is our 
impression that similar difficulties have been a problem in Eng- 
land and that they have been working on alloy modifications, 
such as rare earth additions, to reduce these defects. 

J. W. Meter (Written Discussion):? The authors are to be 
congratulated for this interesting paper and their work on mag- 
nesium-zinc-zirconium casting alloys. Being interested in this 
field, for a number of years, I would like to add some com- 
ments which seem to be necessary because of the somewhat mis- 
leading title of the paper. This title implies that mechanical 
properties of all known casting alloys based on the Mg-Zn-Zr 
system are being discussed in this paper and this is obviously 
wrong, because alloys with higher zinc contents (above 5 per 
cent Zn) are not included at all and, with the exception of Fig. 
3, all of the results given pertain only to one alloy, designated 
by the authors as ZK51A. The omission of casting alloy ZK61, 
which has the highest strength-to-weight ratio of all commercial 
casting alloys, ferrous or non-ferrous, lead the authors to some 
conclusions which are contrary to our own experience. 

First, the choice of the zinc content. In an earlier paper* we 
showed the effect of the zinc content on the tensile properties of 
as-cast and fully heat treated Mg-Zn-Zr casting alloys containing 
0-10 per cent Zn and over 0.7 per cent soluble zirconium. We 
later revised this diagram by adding some results in the aged 
condition (24 hr at 356 F as used in British practice). This 
diagram shown here (Fig. 8A) indicates very clearly why we 
consider alloy compositions in the range of 5.5-6.5 per cent Zn 
as the most outstanding in this alloy system. 

Tensile properties are, of course, only one of many character- 
istics which affect the choice of structural materials. Data on 
other properties of ZK61 are available and will be included in 
a more comprehensive comparison of Mg-Zn-Zr casting alloys to 
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be published in the near future. I want to mention here only 
one other important characteristic of this alloy and that is its 
excellent response to heat treatment. 

My second comment concerns the choice of proper heat treat- 
ing cycles for various compositions in this alloy system. As 
mentioned in our earlier paper® the heat treating cycle consisting 
of a short high-temperature solution heat treatment (1-5 hr at 
800-930 F) and a longer low-temperature ageing treatment (24- 
48 hr at 265-300 F) was worked out especially for casting alloy 
ZK61 and, as Fig. 8A shows, is very effective in the range of 
5.5-6.5 per cent. 
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Fig. 8A—Efftect of zinc content on tensile properties of ZK 
alloys. 


For alloys with other zinc contents the most efficient heat 
treating cycles are different and have to be based on solidus 
temperature determinations for each particular alloy composi- 
tion. This explains why the authors, using the ZK61 heat treat- 
ing schedule for alloy ZK51A could not improve, to any signifi- 
cant extent, the tensile properties of this alloy. The prolonged 
soaking periods used by the authors were unsuccessful, and, we 
found that the use of higher solution temperature (960-1020 F) 
for alloys containing 4-5 per cent zinc resulted in only slightly 
higher tensile properties. It would seem from these experiments 
that the two-stage heat treatment for alloys having zinc contents 
below 5 per cent offers no particular advantage over the one- 
stage treatment (as shown in Fig. 8A). 

This supports our former statement that alloy ZK61 covers the 
most attractive composition range and is the only alloy in the 
Mg-Zn-Zr system which is amenable to a heat treatment which 
substantially increases not only the yield strength but also the 
ultimate tensile strength of the alloy without impairing its high 
elongation. 

Table A shows the effect of various heat treating cycles on ten- 


TABLE A—TYPICAL TENSILE PROPERTIES OF 
ZK CASTING ALLOYS 

















Sol. H.T. Aging UTS, 0.2% PS, Elong. 
Hr °F Hr °F kpsi kpsi % in 2 in. 
ZK51 (4.5-5.0% Zn) ont according to Hildebrand and Strieter 
F aie a 38 21 9 
T5 a 12 350 41 27 8 
T6 ll 930 48 300 42 28 7 
ZK61 (5.5-6.5% Zn) — obtained at Canadian Bureau of Mines 
ae —.  h , m 7 o 38-42 20-22 9414 
T5l — —_ 24 355 38-42 26-28 5-8 
T52 — — 48 300 40-48 27-30 5-8 
T6l 2 930 48 300 44-48 28-33 8-12 
T62 2 930 48 265 46-48 30-34 7-10 
Canadian DND Specification C-28-97 
F = — = ee min. 35 min. 18 min. 8 
T6l 2 930 480 300 min. 42 min. 26 min. 5 
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sile properties of casting alloys ZK51A and ZK61. The table 
shows, also, the minimum requirements of the Canadian Air 
Force specification for alloy ZK61 issued in August, 1950. A 
considerable number of ZK61 alloy castings have been produced 
in Canada and are being successfully used in various modern 
aircraft applications. 

There is another comment concerning the correlation of grain 
size and soluble zirconium contents shown in Fig. 1. Our experi- 
ence, based on many hundreds of ZK alloy melts, indicates that 
this relationship is much closer than shown in this diagram. 
From our results it would seem that alloys with over 0.8 per 
cent soluble Zr must have a much smaller grain size than 3 
thousandths and, on the other hand, we never found an alloy 
with 0.65 per cent or less zirconium which would have a grain 
size of 2 or 3 thousandths. It would seem that the “effective” 
zirconium content cannot always be identified with the analyti- 
cally determined acid-soluble zirconium content. We found® 
that grain size and mechanical properties of ZK casting alloys 
are a much more reliable indication of the real “effective” zir- 
conium content than its chemical determination. 

There is also no mention made on the room-aging characteris- 
tics of alloy ZK51A. Our experience® indicates definitely that all 
ZK casting alloys containing more than 2-3 per cent Zn are 
affected by room-temperature aging and show increases in 
strength connected with a slight drop in elongation. Fortunately, 
we could not find any significant dimensional changes due to 
this room-temperature aging. 

To sum up, it was not my intention to criticize the very good 
work of the authors or their preference for casting alloy ZK51A 
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which I consider to be a very useful material, especially for 
applications where the highest strength-to-weight ratio is not 
essential. As mentioned already, it seemed necessary to add some 
data on alloy ZK61 and so to justify, to some extent, the all too 
general title of the paper. 

MEssrs, HILDEBRAND AND STRIETER (Reply to Mr. Meier): We 
want to thank Mr. Meier for his discussion of our paper. We 
would agree with him that ZK61A-T6 offers higher tensile prop 
erties than the ZK51A-T5 composition. There was no intent on 
our part to discredit the good properties which the Canadians 
have been getting on their alloy containing 6 per cent zinc 
In fact, it was felt unnecessary to cover this composition because 
of the 1950 A.F.S. paper by Meier and Martinson.* Rather, we 
believed that the presentation of some of the properties obtain 
able in ZK51A-T5 alloy might help to clear up some of the 
confusion that exists regarding the utility of this composition. 

Mr. Meier indicates his preference for the use of methods to 
measure the “effective” zirconium content rather than the acid 
soluble zirconium content. This is undoubtedly a satisfactory 
method. We prefer to analyze our melts chemically as a control 
over composition, but we would expect that the grain size or 
properties could also be used for control purposes so long as 
consistent cooling rates were always maintained on the control 
specimens. ; 

Our experiences in regard to room temperature aging and 
growth are in agreement with those of Mr. Meier. 





* 


See “Development of High-Strength Magnesium Casting Alloy ZK61,’ 
by J. W. Meier and M. W. Martinson, A.F.S. Transactions, vol. 58, pp 
742-751 (1950). 
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In an earlier technical paper presented before the 
American Foundrymen’s Society! a technique was 
described for studying the effects of composition on 
the grain size of copper-base alloys by minimizing 
cooling rate as a variable. By using the method 
described, experiments were conducted to determine 
the effects of nickel on the grain size of a series of 
binary alloys of copper containing lead, tin, or zinc. 

From the results of these experiments it was found 
that lead had a strong grain refining effect on cop- 
per, tin a weaker effect on grain size, and zinc a 
negligible effect. Nickel was found to have little or 
no grain refining effect except in some copper-tin 
alloys. Since the purpose of the experiments had 
been primarily to develop suitable techniques and to 
determine qualitative effects of certain elements on 
grain size, the question of quantitative relationships 
between grain size and these elements remained un- 
answered. 

To complete the investigations reported earlier and 
to establish, if possible, practical implications of the 
findings, additional experiments using the same gen- 
eral techniques were carried out. Rather than con- 
sider this phase of the investigation as a distinct en- 
tity, the experiments were designed to complement 
those already conducted. Consequently, quantitative 
studies of the effect of lead on the grain size of copper 
and of the effect of nickel in copper-tin alloys were 
made. In addition, the effects of lead in three widely 
used commercial tin bronze alloys, SAE 62 (88 Cu, 10 
Sn, 2 Zn), SAE 65 (89 Cu, 11 Sn), and Navy “G” 
(88 Cu, 8 Sn, 4 Zn) were observed. 

The bulk of evidence available indicates that cool- 
ing rate is by far the most important influence in de- 
termining grain size in casting alloys. By obtaining 
information on possible influences of composition, 
however, it is hoped that some measure of control 
can be exercised over what has otherwise been a more- 
or-less randomly determined property. Such infor- 
mation may also be of some assistance in evaluating 
specifications for casting alloys. 





* American Smelting and Refining Co., Research Dept., Bar- 
ber, N.J. 
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As mentioned in the earlier report, there has been 
no entirely satisfactory experimental evidence ever 
given that fine grain size, as such, is beneficial in 
casting alloys. In fact, much can be said to contradict 
the idea that fine grain size improves either the qual- 
ity of the casting or the physical properties of the 
metal. Regardless of what may be the final conclu- 
sions of such a discussion, it is essential that a better 
understanding of the factors contributing to grain 
size be available so that whether fine or coarse grain 
is desired, control of this property can be exercised. 
It has been in this spirit that these experiments have 
been conducted. 


Experimental Procedures 


It should be apparent that any studies of the effect 
of chemical composition on grain size of casting alloys 
must necessarily exclude cooling rate as a variable 
since it has been demonstrated that this is a more 
significant factor than composition. Since previous 
experience has indicated that pouring of castings is 
an impractical method of studying grain size be- 
cause of the difficulty of maintaining constant experi- 
mental conditions, the experimental technique used 
was that described in the previously reported work 
where, to minimize cooling rate as a variable, a 
method of melting and cooling the various alloys 
simultaneously in an electric furnace was necessarily 
used. 

Melting was carried out in graphite crucibles 1 in. ’ 
Lp., 8 in. long with 3,-in. wall thickness, using a 
small Ajax-Northrup high frequency induction fur- 
nace. With the lining diameter of the Ajax furnace 
approximately 6 in. it was possible to group nine of 
the small graphite crucibles around the periphery, 
standing on a circular block of graphite. Two more 
crucibles could be placed in the center of the fur- 
nace so that, if desired, 11 separate melts could be 
made simultaneously, brought to the same tempera- 
ture, and when the power was turned off, allowed to 
cool simultaneously. 

For all practical purposes, the cooling rate of the 
11 melts in the furnace could be considered identical. 
A graphite cover was placed on the furnace to reduce 
the heat loss by radiation from the top, and also, to 
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slow down the rate of cooling. With this arrange- 
ment solidification apparently starts at the bottom of 
the crucible and proceeds toward the top for at least 
half of the freezing interval. 

Cooling curve experiments described in the pre- 
vious report gave evidence that the cooling charac- 
teristics of the furnace are reasonably uniform so 
that comparisons can be made between melts made 
separately as well as among melts made at the same 
time. 

Separate experiments were made to determine 
quantitatively the effect of lead on the grain size of 
copper, the effect of nickel on Cu-Sn alloys, and the 
effect of lead on a variety of commercial tin bronzes. 

Only high purity metals were used to make the 
alloys for these tests. The copper-lead and copper- 
tin-nickel alloys were made up from the raw mater- 
ials directly. When alloys containing zinc were used 
it was necessary to make 25-lb master melts which 
were cast into graphite molds, the castings being of 
suitable size for remelting in the crucible used in the 
experiment. This was done because of the problem 
of adding zinc to small melts where not only was ac- 
curate control of composition impossible, but also, 
the addition of the zinc experimentally difficult. 

The “castings” obtained in these experiments were 
cylindrical billets 1 in. in diameter, 5 in. long weigh- 
ing about 475 grams. A thin slice was cut from the 
bottom of the bar, and the bar was then cut longi- 
tudinally in half with a power saw. Both the trans- 
verse slice and the longitudinal section were polished, 
etched and observed at low magnification. 

For purposes of delineation of grain size the high 
tin samples were etched in 10:1 ferric chloride-hydro- 
gen peroxide (30 per cent). Other samples were 


etched in ammonium persulphate. 


Al A2 AS A4 
Cu 99.9+ Rem Rem Rem 
Pb 0.0 0.017 0.032 0.048 


Fig. 
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Drillings for chemical analysis were taken in four 
positions from the unused longitudinal section and 
mixed thoroughly to insure proper sampling. 

The procedure used was to melt down the copper 
first, and then, when molten, add the desired amounts 
of lead. At least 10 min was allowed for alloying. 
This is believed to be adequate since chemical analy- 
sis indicated that there was no marked segregation 
along the length of the castings. When the tempera- 
ture was approximately 2150 F (1177 C) the furnace 
was turned off and solidification allowed to progress 
in the furnace, with a cover in place. The use of 
graphite crucibles, base block, and cover is believed 
to have controlled the oxygen content of the copper 
melts to a sufficiently low value to have eliminated 
the possibility of grain size effects due to this element. 

The “castings” were then treated as already de- 
scribed. The chemical analysis of each is reported 
in Table 1. The polished and etched samples were 
photographed and are shown in Fig. 1. 

The technique of comparing grain size by counting 
grains cut by parallel intercept lines drawn 14 in., | 
in., 114 in., and 2 in. from the bottom of the casting 
was used here as it was in the previous study. While 
not an entirely satisfactory method of measuring 
grain size, this is adequate for comparing samples of 
the type used here. The results of these measure- 
ments are listed in Table 1. 

Examination of the etched castings of Fig. 1 and 
the data of Table 1, shows well the marked grain re- 
fining effect of lead in cast copper. Apparently a 
minimum lead content is necessary, however, before 
this grain refining effect can occur. From these ex- 
periments it would appear that in pure copper, at 
least 0.30 per cent lead must be present for any 
noticeable effect on grain size, although 0.50 per 


A6 A7 A8 A9 
Rem Rem Rem Rem 
0.32 0.51 0.82 1.93 


1—Macroetched sections showing the effect of increasing lead content on the grain size of copper. 


























R. A. Cotton, F. L. Turk anp D. L. LAVELLE 


cent lead was required to refine the grain size to an 
extent where increased lead additions had no further 
effect. The data indicate a maximum in refining ef- 
fect at 0.50 per cent with some coarsening found at 
higher lead contents. This coarsening effect may 
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not be genuine, however, and would have to be sub- 
stantiated by test. 

It must be remembered that grains are three-dimen- 
sional and cut sections show only two dimensions. 
For this reason allowances must be made for varia- 


TABLE 1—CHEMICAL COMPOSITIONS AND GRAIN CouNT DATA 





Composition, % 


Grain Count 


Distance from bottom of bar, in. 








No. Cu Pb Sn Ni Zn VA l 1% 2 
A- 99.9+ — 2 a 3 4 
A-2 Rem 0.017 5 4 4 3 
A-3 Rem 0.032 8 ll 4 l 
A-4 Rem 0.048 10 5 4 3 
A-5 Rem 0.10 6 2 2 2 
A-6 Rem 0.32 9 7 6 4 
AT Rem 0.51 15 15 16 15 
A-8 Rem 0.82 18 13 10 8 
A-9 Rem 1.93 14 13 12 7 
B-1 Rem 10.36 9 12 10 4 
B-2 Rem 9.00 0.96 12 13 13 7 
B-3 Rem 7.72 1.92 13 12 12 10 
B-4 Rem 6.98 2.57 17 17 13 13 
B-5 Rem 5.94 3.78 10 9 11 5 
B-6 Rem 4.92 4.83 9 S 7 4 
B-7 Rem 9.9 9 6 5 4 
B-8 Rem 1.03 4.69 4.33 14 14 12 13 
B-9 Rem 1.09 9.38 13 14 10 ll 
C-l Rem 11.3 11 1] 7 5 
C-2 Rem 0.22 11.4 19 18 19 14 
C-3 Rem 0.51 10.9 22 19 21 17 
D-1 Rem — 10.2 2.06 18 16 12 10 
D-2 Rem 0.24 10.2 1.95 20 18 18 16 
D-3 Rem 0.52 10.2 1.94 15 18 16 12 
D-4 Rem 1.05 10.3 1.99 19 19 14 15 
E-l Rem wm 8.6 3.97 12 12 10 ll 
E-2 Rem 0.22 8.5 3.95 13 15 14 14 
E-3 Rem 0.56 8.6 3.90 16 16 12 14 
E-4 Rem 1.05 8.3 3.94 15 15 14 13 











Bl B2 B3 B4 B5 B6 B7 B8 B9 
Cu Rem Rem Rem Rem Rem Rem Rem Rem Rem 
Sn 10.36 9.00 7.72 6.98 5.94 4.92 0.0 4.69 9.38 
Ni 0.0 0.96 1.92 2.57 3.78 4.83 9.9 4.33 0.0 
Pb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.03 1.09 


Fig. 2—Macroetched sections showing the effect on grain size of replacing 
tin with nickel in 90 Cu-10 Sn Alloy; also, the effect of lead in this alloy. 
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tions in apparent grain size. Only statistical studies 
of a large number of sections would give a truly 
quantitative analysis. 

Since the solid solubility of lead in copper is so 
small (0.002 to 0.005 per cent) it would appear that 
some grain refining effect should be evidenced with 
any lead content in excess of the solid solubility. 
The data do not show this clearly although exam- 
ination of the etched castings does indicate some dif- 
ference between the lead-free sample and those con- 
taining lead less than 0.30 per cent. 


Copper-Tin-Nickel Alloys 


Continuing the work reported in the first paper, a 
study was made of the effect of nickel on the grain 
size of copper-tin alloys. It was originally found 
that small amounts of nickel in a copper plus 5 per 
cent tin alloy refined grain to a small extent. Larger 
(up to 2 per cent) nickel additions did not have any 
appreciable effect on grain size. 

In these experiments, alloys containing copper with 
tin and nickel contents totaling 10 per cent were 
used. Limited commercial application has been made 
of certain alloys in this group which are considered 
heat-treatable by virtue of the tin-nickel compound 
formed. This compound apparently behaves in a 
fashion similar to those found in heat-treatable alum- 
inum alloys. 

The base alloy used was 90 per cent copper, 10 per 
cent tin. In the experiments part of tin was re- 
placed by nickel up to 5 per cent nickel, which is in 
accordance with commercial practice of using a 5 
per cent tin—5 per cent nickel alloy. The polished 
and etched samples are shown in Fig. 2, and the 
chemical analyses and grain.count data listed in 
Table 1. 

Study of the results of samples B-1 through B-7 
shows grain refinement when nickel is present. The 
binary alloy, Cu plus 10 per cent Sn appears to be 
generally coarser than alloys where nickel has re- 
placed part of the tin. Maximum effect is noted in 
B-3 and B-4 where tin contents range from 8 to 7 per 
cent with nickel from 2 to 3 per cent. Larger incre- 
ments of nickel seem to cause coarsening of the grain 
until at 5 per cent Sn, 5 per cent Ni, the grain size 
is coarser than that of 10 per cent Sn alone. For 
sake of comparison, an alloy of 10 per cent Ni in 
copper was included (B-7) and exhibits extremely 
coarse grain size. 

The behavior of nickel in these alloys may be ex- 
plained by consideration of the intermetallic com- 
pound formed when 2 to 3 per cent nickel and 7 to 
8 per cent tin are present as shown by the ternary 
constitution diagram? and the work of Eash and Up- 
thegrove.*? The presence of a fine, well distributed 
inter-metallic compound would probably refine grain 
appreciably. This is apparent when B-3 is compared 
to B-7, Fig. 2, where the Cu-Ni solid solution has 
the grain size expected in either pure metals or alloys 
and no intermediate phases are present. 

The effect of lead as a grain refiner is shown by 
examination of the photograph of sample B-8 where 
1 per cent lead was added to an alloy of 5 per cent 
Sn—5 per cent Ni (similar to B-6) and refined the 
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grain appreciably. This is apparent not only from 
the grain count but also from consideration of the 
whole sample (B-8) where the overall grain size is 
much finer than that of B-6. 

Further evidence of how well lead refines grain 
can be seen in B-9 where 1 per cent Pb has been 
added to an alloy of 10 per cent Sn in copper. Once 
again, as with B-8, the grain size of the entire bar has 
been refined markedly over that of B-1 which con- 
tains 10 per cent Sn and no lead. 


Effect of Lead in Commercial Tin Bronzes 


Most of the commercial tin bronze alloys have low 
permissible lead contents, presumably on a physical 
property basis. There are modifications of these al- 
loys, however, that permit up to | per cent lead to 
be present. To determine whether this higher lead 
content produced any desirable grain refining effect, 
three experiments were conducted using:— 

(1) SAE 65 or “Gear Bronze;” 89 Cu, 11 Sn 
(2) SAE 62; 88 Cu, 10 Sn, 2 Zn 
(3) Navy “G”; 88 Cu, 8 Sn, 4 Zn 

In the test with SAE 65 alloy, lead was added up 
to 0.50 per cent. The results are shown in Fig. 3 and 
listed in Table 1. It can be seen that 0.25 per cent 
Pb has strongly refined the grain of the lead-free 
alloy. No great improvement is apparent with in- 
creased lead up to 0.50 per cent. Current specifica- 
tions permit 0.50 per cent lead so that whenever pos- 
sible, from the basis of having fine grain in the cast- 
ing, at least 0.25 per cent lead should be present. 

The experiments with Navy “G” and 88-10-2 alloy 
indicated that lead is not as important as a grain re- 
finer when zinc is present in the alloy. In both alloys 
lead was added up to 1.0 per cent. The photographs 





Cl c2 C3 
Cu Rem Rem Rem 
Sn 11.3 11.4 10.9 
Pb 0.0 0.22 0.51 


Fig. 3—Macroetched sections showing the effect of lead 
on the grain size of SAE Alloy 65 (89 Cu-11 Sn) 
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DI D2 D3 D4 
Cu Rem Rem Rem Rem 
Sn 10.2 10.2 10.2 10.3 
Zn 2.06 1.95 1.94 1.99 
Pb 0.0 0.24 0.52 1.05 


Fig. 4—Macroetched sections showing effect of lead on 
the grain size of SAE Alloy 62 (88 Cu-10 Sn-2 Zn). 


of the polished and etched specimens are shown in 
Figs. 4 and 5 with the chemical analyses in Table 1. 
Some grain refining effect can be seen but it is of 
much less significance than was the effect of lead in 
zinc-free tin bronzes. Consideration of the photo- 
graphs indicates that the alloys containing 1 per 
cent lead have somewhat finer grain size than do the 
lead-free alloys. Lower lead contents have lesser effect 
but still do influence grain size. 

Specifications for these two alloys usually permit 
up to 0.25 per cent or 0.30 per cent lead. Even this 
amount has some beneficial effect on grain size al- 
though the modified alloys that contain 0.90 per cent 
lead (“Commercial 88-10-2” and “Navy PC’’) would 
probably have finer overall grain size in castings. The 
higher lead content may reduce physical properties 
somewhat although inappreciably. The presence of 
lead improves the machining characteristics of the 
alloy greatly. 


Discussion 


It has been demonstrated in these experiments, as 
well as those reported previously, that lead has con- 
siderable influence on the grain size of cast alloys. 
Also, the nickel-tin intermetallic compound appar- 
ently exerts influence on grain size under certain 
conditions. In the earlier experiments it was found 
that tin alone in copper was a stronger influence on 
grain size than was zinc in copper. 

On the basis of these observations it would appear 
that those things which are not in solution in copper 
will have the strongest effect on grain size. Lead has 
low solid and liquid solubility in copper. In this 
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case the effect on grain size may be primarily one of 
restricting grain growth mechanically during solidi- 
fication. 

Final grain size of a cast metal or alloy depends on 
two factors—the number of grains that nucleate from 
the liquid and that rate at which those nuclei or 
incipient grains grow. If many nuclei are present, 
finer grained structures may result. Also, if fewer 
nuclei form, fewer grains will result regardless of 
whether the cooling rate is fast or slow. Obviously it 
is difficult to separate the factors in cast alloys but 
those things which improve nucleation or restrict 
growth of individual grains (such as impingement 
of adjacent grains growing from a melt) should pro- 
mote finer grain size of the cast material. 

If the above hypothesis is valid, grain size control 
(beyond that exercised by cooling rate) in cast alloys 
will be governed by the manner in which additive 
elements are present. Those elements which are com- 
pletely miscible should have minimum effect on grain 
size. As seen from copper-nickel and copper-zinc al- 
loys, this is apparently the case. With elements out of 
solution, or present as compounds which may in- 
crease the rate of nucleation, greater effect on grain 
size would be expected. This has been demonstrated. 
Further experiments exploring the effect of other 
compound-forming elements or elements with low 
solid solubility in copper should reveal whether this 
hypothesis can be used as the basis for deliberate in- 
fluence of grain size by composition control. 





El E2 E3 E4 
Cu Rem Rem Rem Rem 
Sn 8.6 8.5 8.6 8.3 
Zn 3.97 3.95 3.90 $.94 
Pb 0.0 0.22 0.56 1.05 


Fig. 5—-Macroetched sections showing effect of lead on 
grain size of “G” metal (88 Cu-8 Sn-4 Zn). 
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Summary and Conclusions 


A group of experiments have been conducted to 
determine qualitatively the effect on grain size of lead 
in cast copper, and nickel in a commonly used copper- 
tin alloy. The effect of lead in this alloy and a series 
of commercial copper-tin alloys has also been inves- 
tigated. An experimental method which minimizes 
cooling rate as a variable, has been used. From the 
results of these experiments it is possible to draw the 
following conclusions:— 

1. Lead in pure copper in excess of 0.25 per cent 
has considerable grain refining influence. Smaller 
amounts of lead, in excess of the solid solubility in 
copper, may have a small effect on grain size. 

2. In an alloy of copper and tin, nickel contri- 
butes to the refining of the cast grain size when the 
tin content is about 7 or 8 per cent and the nickel 
2 or 3 per cent. This may be related to the forma- 
tion of the nickel-tin intermetallic compound which 
makes alloys of this type heat treatable. 

3. The presence of | per cent lead in a copper- 
base alloy of 5 per cent tin and 5 per cent nickel, re- 
fines the grain as compared to a lead-free alloy. 

4. Lead refines the grain of several commercial 
copper-tin alloys, although the effect is greater in bi- 
nary copper-tin alloys than it is in copper-tin-zinc 
alloys. 
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Chairman: W. A. Maver, Oberdorfer Foundries, Inc., Sy: 
cuse, N. Y. 

Co-Chairman: B. W. ScHarer, Kuhlman Electric Co,, Bay 
City, Mich. 

Recorder: C. P. Korowicz, Ampco Metal, Inc., Milwaukee. 

Rosert Kattrus:* Were any deoxidizers used in the copper 
tin alloys the author touched upon? 

Mr. CoLton: Nothing was used as a deoxidizer because of mel 
conditions being limited to very small heats and being handled 
under exact melting and pouring temperatures. 

Mr. Katrus: Was the top of the test bar cooled more slowly: 

Mr. Cotton: The bottom half of the bar was used for test 
purpeses since it was felt that that part would be more solid. 

G. P. HALLIWELL: 7 When you mention lead analysis, how did 
you arrive at the lead determination? 

Mr. Cotton: We arrived at lead determination by taking 
drillings along the length of the test bar. Never did we encoun 
ter lead segregation. 

Member: How long did it take from the molten stage to cool? 

Mr. Cotton: It took 30 degrees per minute. 

MeMBER: Why was 2100 F selected? 

Mr. Corron: Because of the convenient temperature and 
everything dissolved and mixed best at that temperature. 

B. N. Ames: * Superheating has no effect at all on grain size 
when melted properly. In tin bronze alloys we want larger grain 
size. 


1Senior Metallurgist, Southern Research Institute, Birmingham, Ala. 
2 Director of Research, H. Kramer & Co., Chicago. 
% Senior Metallurgist, New York Naval Shipyard, Brooklyn. 








EFFECT OF SULPHUR ON FLUIDITY 
OF GRAY CAST IRON 


By 


Lew F. Porter* and Philip C. Rosenthal* 


ABSTRACT 


4 series of preliminary experiments was made to develop a 
laboratory melting technique that would reveal the effects of 
sulphur. These tests showed that sulphur is detrimental to 
fluidity only when combined with sufficient manganese to form 
sulphides high in manganese content. Furthermore, it was 
found that pouring temperature was an important variable in 
altering the influence of sulphur. 

On the basis of the preliminary experiments, a comprehen- 
sive program was designed to study the effect of sulphur on 
phosphoric gray iron poured from 2400, 2500, 2600, and 2800 
F. It was found that no significant decrease in fluidity occurred 
at 2400 F regardless of sulphur content, but that sulphur did 
have an effect at 2500 F and above. It appears that the amount 
of sulphur which can be tolerated at these higher pouring 
temperatures without adversely affecting fluidity increases with 
pouring temperature. However, the higher the pouring temp- 
erature, the more rapidly will sulphur contents over these 
threshold value decrease fluidity. A study of size, shape and 
distribution of sulphides within the spiral showed that no re- 
lationship existed between sulphide size and shape and their 
effect on fluidity, nor could the segregation of sulphur which 
occurred be correlated with decreased fluidity. 


Introduction 


Most gray iron foundrymen agree that high sul- 
phur contents will adversely affect fluidity. Yet, only 
a few systematic investigations of sulphur have been 
recorded. That the effect is elusive and difficult to 
study is reflected by the disagreement found in the 
literature. For instance, Smith and Riggan! concluded 
that sulphur did not affect fluidity. Holtby and Dow- 
dell? concluded that up to 0.18 per cent sulphur, 
fluidity was not affected, but at that point fluidity 
was dractically reduced. Levi,? on the other hand, 
showed that sulphur as low as 0.137 per cent affected 
fluidity since he obtained a 3314 per cent increase in 
fluidity by lowering sulphur from 0.137 to 0.086 per 
cent using 6.4 lb of purite per ton of metal as a de- 
sulphurizing treatment. 

Because of the apparently large yet inconsistent 
effects reported, it was felt that a detailed investiga- 
tion of the influence of this element was warranted. 


*Of the authors, Lew F. Porter is a research metallurgist in 
the University of Wisconsin Engineering Experiment Station, 
assigned to the Department of Mining and Metallurgy, and 
Philip C. Rosenthal is a professor of metallurgy in that de- 
partment. 
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A fluidity formula and chart presented by the 
authors in a previous paper‘ greatly aided the investi- 
gation. In order to evaluate the effect of sulphur, it 
was only necessary to compare the fluidity obtained 
using the fluidity mold described in the above men- 
tioned paper with that indicated by the chart for the 
particular analysis and pouring temperature involved. 


Procedure and Results 

Before designing a detailed program, a preliminary 
investigation was conducted to find out if reduced 
fluidity due to sulphur could indeed be observed un- 
der laboratory melting conditions and, if so, what 
cunditions were necessary. 

The four base irons used in the preliminary investi- 
gation were selected to cover a wide range of analysis. 
Their analysis is as follows: 





si an 
Composition, % 


To. & Me Pp Ss 
0.30 0.18 0.10 


1. Malleable Iron .......... 22 1.0 
2. Phosphoric gray iron ..... 32 24 035 0.74 0.08 
3. 50-50 mixture of l and 2... 2.7 1.7 032 046 0.09 
4. Armco iron with 

added C, Si and P ...... 8.0 20 0.01 060 0.014 





The first three irons were melted with iron sulphide 
added to the charge to increase the sulphur content 
to 0.18 per cent. After melting, the liquidus tem- 
perature was determined using a procedure previously 
described,* and the iron heated to 350 F superheat. 
Temperature was measured with a silica-protected 
platinum-platinum, 10 per cent rhodium thermo- 
couple. None of the fluidity tests poured from this 
temperature showed any decrease in fluidity from 
that predicted by the fluidity chart. In fact, if any- 
thing, there appeared to be a slight increase of from 
1 to 2 in. A higher sulphur addition which increased 
the sulphur to 0.26 per cent was made to the malle- 
able iron base metal, and even at this value a slight 
increase in fluidity was noted. 

Next, the effect of very low sulphur was investi- 
gated by using the fourth base iron which consists of 
armco iron plus added carbon, silicon, and phos- 
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phorus. Here again, although the sulphur was re- 
duced to 0.014 per cent, no appreciable improvement 
in fluidity resulted over that calculated from the 
fluidity chart. 

Since sulphur in itself did not appear to reduce 
fluidity, and since it is known that increasing the man- 
ganese content will raise the temperature at which the 
sulphides precipitate from solution, it might be ex- 
pected that the formation of manganese su!phide* in- 
clusions in the molten iron is responsible for the 
decreased fluidity associated with high sulphur con- 
tents. Therefore, heats were made in which manganese 
as well as sulphur was added to the charge. When 
these metal charges were melted, large amounts of an 
insoluble constituent formed on the surface. This 
material was removed and the standard procedure of 
determining the liquidus temperature and superheat- 
ing 350 F were carried out. Again, no reduction oc- 
curred in the fluidity of the metal. However, the 
analysis showed that the sulphur content had not 
been increased more than a few points by the addi- 
tion, and the recovery of manganese was much poorer 
than had been anticipated. Apparently, the mangan- 
ese sulphide formed and floated to the surface when 
the iron melted, thus producing the constituent noted. 


Retain Manganese and Sulphur 

In an attempt to keep the manganese and sulphur 
in the melt, a gray iron heat was made in which the 
iron sulphide and ferromanganese were not added 
until the 350 F superheat temperature (2440 F) had 
been established. This time less of the insoluble con- 
stituent floated to the surface after the addition. This 
material was removed and the fluidity test poured. 
Once again, no decrease in fluidity was noted in spite 
of the fact that the sulphur content of the metal 
analyzed 0.162 per cent, and 0.92 per cent of mangan- 
ese was present. 

Finally, through still another alteration in melting 
procedure, a reduction in fluidity from sulphur was 
obtained. Again, a gray iron base metal was melted, 
and this time 32 grams of 80 per cent ferromanganese 
were added to the 8-lb charge. When the charge had 
melted and the liquidus temperature had been deter- 
mined the metal was heated to 2800 F. At this tem- 
perature 30 grams of iron sulphide were added and 
the temperature reduced to 2600 F. The fluidity test 
was poured from 2600 F and a definite decrease in 
fluidity of 314 in. was obtained. 

The sulphur content of the heat was 0.182 per cent 
and 0.80 per cent manganese was present. An addi- 
tional number of heats was made to check this result 
and the following melting technique was established: 

1. An 8-lb charge of the desired scrap was melted 
by induction in a magnesia crucible, the surface of 
the metal skimmed free of slag, and the melt super- 
heated to a temperature of 2700 F. 





*It should be recognized that the term “manganese sulphide 
inclusions” does not necessarily refer to inclusions chemically 
identifiable as pure manganese sulphide but, rather, to sulphides 
high in manganese. Likewise, when the effects of sulphur are 
mentioned, it will be understood, unless specifically stated other- 
wise, that these effects occur only in the presence of sufficient 
manganese to insure the formation of sulphides high in man- 
ganese. 
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2. At this point the desired amount of sulphur was 
added as iron sulphide. The metal was held 10 min 
after the iron sulphide addition with the power on. 

3. After the 10-min holding period the temperature 
had reached 2850 F, and 30 grams of 80 per cent ferro- 
manganese were added. This addition raised the man 
ganese content to about | per cent and was sufficient 
to form manganese sulphide with sulphur present in 
amounts up to 0.60 per cent. The heat was held for 5 
min after the manganese addition. After this holding 
period the temperature was generally over 3000 F. 

4. The furnace power was then turned off and the 
metal cooled to the desired pouring temperature. Sam- 
ples for analysis were taken from the molten metal at 
the pouring temperature by drawing them up into a 
length of pyrex glass tubing using an aspirator bulb 
to create the necessary suction. The fluidity test was 
then poured. 

The preliminary tests, besides developing a melting 
technique which was capable of exhibiting reduced 
fluidity due to sulphur, brought to light a number 
of important points: 

First, sulphur in itself is not necessarily detrimental 
to fluidity but must be combined with manganese to 
form manganese sulphide. 

Second, most of the manganese sulphide will float 
out of the metal at very low temperatures and can be 
removed with the slag. 

Third, temperature is an important variable, for 
even though considerable manganese and sulphur 
were present in the metal, no reduction in fluidity 
occurred when the pouring temperature was low 
(2440 F). 

Finally, the conditions which were found to develop 


TABLE |-—EFFECT OF SULPHUR ON FLUIDITY OF 
PHOSPHORIC GRAY IRON 





Sulphur Content, % 


Heat Pouring Composition, % Liquid Spiral Spiral 
No. Temp,F C Si. P  Mn-_ Metal Well Tip 
1 2400 3.09 230 0.72 1.02 0.08 0.08 0.25— 
4 2400 3.17 235 G71 0689 0.16 0.15 
3 2400 $3.18 2.28 0.71 0.64 0.22 0.22 


4 2500 8.17 2.38 0.79 1.06 0.10 0.10 

5 2500 3.31 242 0.78 1.02 0.14 0.14 

6 2500 3.22 2.33 0.76 1.00 0.155 0.155 
7 2500 $.15 2.27 0.74 097 0.18 0.19 

8 2500 3.13 2.23 0.73 0.94 0.21 0.21 

9 2500 3.13 2.20 0.72 0.83 0.22 0.23 
10 2500 3.08 2.08 0.72 0.67 0.26 0.28 


1] 2600 3.07 2.24 0.67 1.08 0.11 0.11 
12 2600 $3.16 2.31 0.62 1.03 0.18 0.15 0.25 
13 2600 $3.15 2.34 0.64 0.95 0.19 0.18 
14 2600 $.15 233 062 0.91 0.26 0.23 0.42 
15 2600 3.07 2.21 0.67 0.80 0.29 0.20 
16 2600 $3.06 2.25 0.63 0.77 0.30 0.20 0.48 
17 2600 $3.11 2.13 0.66 0.80 0.31 0.33 


18 2800 $3.05 236 0.74 1.02 0.08 0.08 
19 2800 $3.05 2.39 0.70 0.83 0.23 0.16 
20 2800 2.08 2.30 0.72 0.83 0.23 0.16 
21 2800 $.14 2.32 0.69 0.80 0.25 0.17 
22 2800 3.14 2.31 0.74 0.73 0.30 0.145 
23 2800 3.09 2.28 0.72 0.90 0.35 0.35 
24 2800 $3.06 2.30 0.72 0.80 0.39 =0.39 
25 2800 3.03 2.25 0.70 0.88 0.40 041 
26 2800 3.08 2.26 0.72 0.91 0.42 OAl 
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0.05 
EFFECT OF SULFUR ON FLUIDITY 
AT VARIOUS POURING TEMPERATURES 
0.00 | 
° 5 10 15 20 25 


DECREASE IN FLUIDITY IN INCHES 


Fig. 1—Effect of sulphur on fluidity at various pouring 
temperatures when sufficient manganese is present to 
form high-melting sulphides. 


reduced fluidity from sulphur are analogous to those 
which might be found in commercial practice, par- 
ticularly in cupola melting. Here, the iron is heated 
far above its melting point before entering the cupola 
well, setting up the necessary condition for solution 
of sulphur from the coke and other sources. Thus, it 
is believed that the laboratory practice which reveals 
the effects of sulphur does not represent a specialized 
case, but that its counterpart is found in routine 
foundry melting. 

Using the melting technique outlined above, a 
comprehensive program was designed in which the 
effect of sulphur on the fluidity of phosphoric gray 
iron was studied at 2400, 2500, 2600, and 2800 F. Each 
heat was analyzed for carbon, silicon, and phosphorus, 
and the analysis was applied to the previously men- 
tioned fluidity chart to* obtain a calculated value for 
the fluidity at normal low sulphur contents. The di 
ference between the calculated fluidity and the actual 
fluidity gave the decrease in fluidity due to the in- 
creased sulphur content. Manganese and sulphur 
contents were also determined for each heat. The 
complete analysis of the heats is given in Table 1. 

In Table 2 the fluidity of each heat, based on the 
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carbon, silicon, and phosphorus content and deter- 
mined by the fluidity chart is compared with the 
actual fluidity.of the heat to determine the decrease 
in fluidity due to sulphur. 

The results given in Table 2 are represented graph- 
ically in Fig. 1 by plotting sulphur content against the 
decrease in fluidity due to the sulphur for each of the 
pouring temperatures studied. 


Discussion of Results 

Figure | shows that the effect of sulphur is different 
at each pouring temperature. As pouring temperature 
increases above 2500 F it appears that the amount of 
sulphur that can be tolerated without adversely affect- 
ing fluidity increases. Thus, fluidity is reduced for 
sulphur contents above about 0.09 per cent, 0.13 per 
cent, and 0.33 per cent at 2500 F, 2600 F, and 2800 F, 
respectively. However, once these threshold values are 
exceeded further increases in sulphur drastically re- 
duce fluidity. The higher the pouring temperature, 
the more rapidly will sulphur contents over the 
threshold value decrease fluidity as is seen by com- 
paring the slopes of the curves for 2500 F, 2600 F, and 
2800 F pouring temperatures. No significant decrease 
in fluidity occurs at 2400 F, regardless of sulphur con- 
tent. 

At each of the temperatures studied, the maximum 
sulphur addition was 70 grams of iron sulphide per 
8-lb melt. Yet it will be noted that the maximum sul- 
phur content obtained in the melt increases as the 
pouring temperature increases; being 0.22 per cent at 
2400 F, 0.26 per cent at 2500 F, 0.31 per cent at 2600 
F, and 0.42 per cent at 2800 F. Thus, it would appes 
that the solubility of manganese sulphide in the iro” 


TasBLeE 2—F.Luipiry DECREASE DUE TO SULPHUR 





Sulphur 


Fluidity Fluidity Fluidity Content, % 
Heat Pouring Obtained, Calculated, Decrease, (liquid metal 

No. Temp.,F in. in. in. sample) 

l 2400 2314 2314 None 0.08 

2 2400 2334, 25 ly 0.15 

3 2400 251% 25 None 0.22 

4 2500 321, 32 None 0.09 

5 2500 303/, 341, 33, 0.14 

6 2500 30 321% 214 0.155 

7 2500 27 31 4 0.18 

8 2500 253, 3014 43/, 0.21 

9 2500 243/, 3014 53%, 0.22 
10 2500 221 29 6% 0.26 
1] 2600 35 34 None 0.11 
12. 2600 3014 3514 43/, 0.18 
13 2600 3134 3514 314 0.19 
14 2600 26, 351, 9% 0.26 
15 2600 221%, 34 11% 0.29 
16 2600 2014 34 131% 0.30 
17 2600 21 34 13 0.31 
18 2800 441/ 45 4, 0.08 
19 2800 1354 443/, 14% 0.23 
20 2800 45 45 None 0.23 
21 2800 4414 451, l 0.25 
22 2800 451% 46 %, 0.30 
23 2800 414 45 33/4 0.35 
24 2800 3454 4454 10 0.39 
25 2800 3014 433/, 1314 0.40 
26 2800 2714 443, 174 0.42 
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MODIFIED FLUIDITY SPIRAL 






METALLOGRAPHIC SPECIMEN 
FROM SPIRAL TIP 


ANALYSIS SAMPLE FROM 
SPIRAL TIP 






POURING BASIN 


METALLOGRAPHIC SPECIMEN 
FROM START OF SPIRAL 


OVERFLOW DAM 











WELL 
METALLOGRAPHIC SPECIMEN 
ANALYSIS SAMPLE FROM FROM SPIRAL WELL 


SPIRAL WELL 


SECTION AA 


Fig. 2—Sketch of fluidity spiral showing location of analy- 
sis samples and metallographic specimens. 


increases with increasing temperature; the excess man- 
ganese sulphide being rejected to the surface of the 
melt before the heat is poured. The rejection of ex- 
cess manganese sulphide was evident during the prep 
aration of the heats. 

The analysis of the heats for manganese also indi- 
cated that excess manganese sulphide was being re- 
jected. At low sulphur contents the manganese addi- 
tion gave a manganese content in the melt of about 
1.02 to 1.08 per cent; as the sulphur addition in- 
creased, the manganese content dropped, the drop 
being most drastic at the lower pouring temperature. 
However, when over 0.30 per cent sulphur was re- 
tained in the melt, the manganese content rose again 
and seemed to maintain a value of 1.7 per cent 
sulphur + 0.20 per cent. 

In the course of the investigation, sulphur analyses 
were made at various places in the fluidity spiral. It 
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was found that in some cases segregation of sulphu 
occurred. This made it necessary to sample the meta! 
just prior to pouring the fluidity mold to obtain an 
accurate and representative determination of the sul 
phur content. The sample was obtained by drawing 
metal from below the surface of the melt as described 
earlier. An indication of the segregation which took 
place at various pouring temperatures is obtained by 
comparing the sulphur contents recorded in Table 1. 
The first value listed is the representative sulphu: 
content obtained from the melt at the pouring tem 
perature. The second value represents the sulphw 
found in the metal at the bottom of the fluidity spiral 
well, while the three values in the third column (2600 
F pouring temperature) show the sulphur content 
found in the very tip of the spiral for the heats indi- 
cated. Figure 2 shows more clearly the location of 
analysis samples taken from the spiral. 


Sulphur Segregation and Temperature 


From a comparison of the sulphur in the melt and 
the sulphur in the spiral well it appears that no segre- 
gation of sulphur occurred at 2400 F or at 2500 F 
pouring temperatures. At 2600 F segregation occurred 
throughout the sulphur range except for the highest 
sulphur content. Similarly, at 2800 F the heats con- 
taining 0.30 per cent sulphur or less show marked seg- 
regation, while those of higher sulphur content do 
not show segregation. It is interesting to note that at 
2800 F the heats without sulphur segregation are the 
only heats which exhibit reduced fluidity. Thus it 
appears that pouring temperature influences segrega- 
tion of sulphur, and that at higher pouring tempera- 
tures the amount of sulphur present is important. 

Photomicrographs showing the size and shape of the 
manganese sulphide inclusions in various parts of the 
fluidity spiral are given in Figs. 3, 4, and 5. These 
figures show inclusions found in the spiral from Heat 


Fig. 3—Sulphide inclusions in the well of the spiral of a 

high sulphur, high manganese heat. Fig. 4—Sulphide in- 

clusions at the start of the same spiral. Fig. 5—-Mangan- 

ese sulphide inclusions at the tip of the same spiral. All 
specimens unetched. 250X. 
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Fig. 6—Sulphides in the well of the spiral of a high sul- 
phur, low manganese heat. Fig. 7—Sulphides in the start 
of same spiral. Fig. 8—-Sulphides in the tip of same spiral. 


17 poured at 2600 F. No segregation of sulphur was 
detected in this heat. 

In the well of the spiral under slow freezing condi- 
tions the sulphides grow large, forming skeletal poly- 
hedrons. At intermediate freezing rates such as the 
start of the spiral, the sulphides have a marked den- 
dritic form with their polyhedral crystal habit just 
beginning to appear. At the tip of the spiral the in- 
clusions are uniformly distributed, generally rounded, 
and extremely small, indicating rapid freezing with 
no opportunity for growth. From the variations in 
form with freezing rate, it is obvious that the sul- 
phides precipitate out of the liquid, well above the 
start of freezing of the metal, and grow slowly in a 
dendritic manner forming polyhedral crystals. The 
growth is stopped off when the metal freezes, leaving 
either the completed polyhedron or a skeletal poly- 
hedron as the shape of the sulphide. 


Form of Sulphide Inclusions 

It is interesting to note that the sulphides present 
in high sulphur, low manganese heats, which do not 
show decreased fluidity, were small, light colored, and 
compact rather than dendritic. The chemical analysis 
and fluidity of one such heat is given below, along 
with three photomicrographs (Figs. 6, 8, and 8) taken 
from the well, start, and tip of the fluidity spiral. 

The photomicrographs show that approximately 
the same amount of sulphide is present as in the pre- 
vious series of micrographs, the major difference being 
in the form and color of the sulphides. The lighter 
color is attributed to the lower manganese content. 
It is also believed that the smaller size of the inclu- 
sions might in part be due to their forming at a lower 
temperature. 


Composition, % Pouring Actual Calculated 
Cc Si P Mn S_ Temp.,F Fluidity, in. Fluidity, in. 
3.08 2.30 0.67 0.41 0.35 2600 35 3414 


Since normal fluidity was attained when small com- 
past inclusions were present, it was thought that den- 
dritic or skeletal inclusions might always be associated 


with decreased fluidity due to sulphur. However, this 
proved to be untrue. When high sulphur, high man- 
ganese heats were made and aluminum or titanium 
was added just before tapping, the inclusions were 
found to be small and compact, and yet the fluidity 
was decreased in the amount predicted from the sul- 
phur content and pouring temperature. This was true 
both at 2600 F and 2800 F pouring temperatures. The 
typical appearance of the inclusions present at the 
start of the spiral is shown in Fig. 9 taken from the 
heat to which 0.15 per cent aluminum was added just 
before pouring at 2600 F. The composition and fluid- 
ity of the heat are as follows: 


Composition, % Pouring Actual Calculated 
Cc Si P Mn S_ Temp.,F Fluidity, in. Fluidity, in. 
3.12 2.25 0.74 0.77 0.31 2600 24 3514 


Thus, while there is strong evidence to show that 
manganese sulphide particles are responsible for the 
reduction in fluidity observed, the manner in which 
the particles act to reduce fluidity is not necessarily 
related to the shape and size of the sulphides formed, 
nor can it be correlated with the presence or lack of 
sulphur segregation within the fluidity spiral. 

It is probable that there are at least four factors, 
operating in a complex manner, which account for the 
relationship shown by Fig. 1. These are the sulphur 
content of the metal, the temperature at which the 
sulphides begin to form, the pouring temperature, 
and the temperature at which the iron begins to 
freeze. Of these factors, the last three primarily deter- 
mine how high a sulphur content can be tolerated 
before fluidity is reduced. What determines the slopes 
of the curves in Fig. | is not so readily apparent, but 
pouring temperature is certainly one of the variables 
involved. 

How far the data presented in Fig. 1 can be ex- 
tended to actual castings is problematical. The spiral 
test casting from which the data were obtained repre- 
sents one particular set of pouring conditions. It 
would be hazardous at this time to suggest that all 
castings would behave in a relatively similar manner. 
Since it has been shown that the effects of sulphur on 
fluidity are closely associated with pouring tempera- 
ture and cooling rate of the metal in the mold, it is 
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Fig. 9—Sulphides in the start of the spiral of a high sul- 
phur, high manganese heat treated with aluminum. 


conceivable that a set of circumstances might arise, 
particularly in a thin-section casting, where the effects 
of sulphur might be intensified to the point where 
sulphur even in the range of 0.10 to 0.15 per cent 
might produce greater decreases in fluidity than indi- 
cated by Fig. 1. However, when sulphur is low the 
amount of sulphide which can form is small, and 
thus the possibilities of large decreases in fluidity are 
minimized. 
Conclusions 


1. Sulphur in itself does not decrease fluidity but 
must be present in combination with sufficient man- 
ganese to form high melting manganese sulphide par- 
ticles. The sulphide particles are presumed respon- 
sible for the decreased fluidity. 

2. The decrease in fluidity is related to the amount 
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of sulphur present, and the pouring temperature. Th 
higher the pouring temperatures, the greater is th 
amount of sulphur which can be tolerated (threshok 
value) before a decrease in fluidity occurs. The highe 
the pouring temperature, the greater the effect o 
sulphur contents over the threshold value in decreas 
ing fluidity. 

3. The decrease in fluidity is not directly relatec 
to the size or shape of the sulphide inclusions formed 
nor can it be correlated with segregation of the sul 
phides which was found to occur. 
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A SIMPLIFIED ANALYSIS OF RISER 


By 


TREATMENTS 


C. M. Adams, Jr.* and H. F. Taylor** 


General Introduction 


In making castings of most commercial alloys, it is 
necessary to provide reservoirs of liquid metal to com- 
pensate for solidification shrinkage. To function prop- 
erly, a reservoir (riser) must remain liquid longer 
than the volume of casting it is designed to feed. In 
general the object of riser treatment is to provide 
adequate feed metal from a riser of smallest possible 
volume. Toward this end there are several methods 
for insulating, shielding, or heating open risers; 
among these are use of 

(1) inert radiation shield on top of riser, 

(2) insulating sleeve surrounding riser, 

(3) exothermic material of the metal-producing 
type on top of a short riser, 

(4) mildly exothermic or carbonaceous material on 
top of riser, 

(5) moldable exothermic sleeve surrounding riser, 
and 

(6) heat applied externally to riser by an electric 
arc or by induction. 

These devices are thermal in nature, and the prob- 
lem of increasing riser efficiency is essentially one of 
influencing heat flow. As yet, there is very little quan- 
titative understanding of the open riser as a thermal 
system; it has been largely left to chance and empiric- 
al experience which of the above mechanisms are 
exploited for a given industrial application. This 
paper is a brief, simplified analysis of heat flow in 
risers; it is necessary to appreciate the mechanisms 
by which heat is dissipated from risers before an in- 
telligent choice of riser treatment can be made for a 
particular job. 


Transfer of Heat from Risers by Convection, Radiation, 
and Conduction 


Heat flows from open risers by (1) convection, (2) 
radiation, and (3) conduction. In evaluating heat 
loss, all three mechanisms of heat transfer must be 
taken into account. Heat leaves the exposed upper 


* Research Assistant, Department of Metallurgy and ** Asso- 
ciate Professor of Metallurgy, Massachusetts Institute of Tech- 
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surface of a riser by convection in the air and by 
radiation, and is transferred to the mold by conduc- 
tion into the sand. It is of interest to know the rela- 
tive importance of convection and radiation at the 
top surface. The two mechanisms are compared in 
Fig. 1, where heat flow rate per unit area (heat 
flux) is plotted as a function of temperature. For pur- 
poses of comparison, a typical value of 0.5 has been 
taken for the emissivity of the surface. The radiation 
curve is a reproduction of the relationship* 


q T. ‘ : oe 
—— = 6175 « mes Re 
A 100 100 


and the curve for convection reflects the equation! 


q > oe i or 

—— = 0.38 (Tz rT) *= 
4 

where ——— = rate of heat flow per unit area, 
A 
« = emissivity = 0.5 
T. = temperature of the riser surface, °F 
Absolute 

T, = temperature of the surroundings 


(room temperature) °F 

Absolute, and 0.173 and 0.38 are empirical constants. 

The flow of heat from a riser will be the sum of 
the radiation and convection components. Figure | 
indicates convection may make a significant contribu- 
tion to the heat flow from an aluminum riser, but is 
almost negligible (compared to radiation) at the 
temperature of molten steel. In copper-base alloys, 
convection heat flow to the air amounts to a little 
over 10 per cent of the total. Since any material used 
as a radiation shield will usually markedly reduce 
the effect of convection, the word “radiation,” in the 
following paragraphs, will actually mean the sum of 
radiation and convection. In calculating numerical 
radiation losses, it is necessary to know the emissivi- 
ties (or reflectivities) of the radiating surfaces. It 
has been assumed that any hot metal riser exposed to 
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Fig. 1—Radiation and convection from exposed open-top 
risers. Heat loss as a function of temperature. 


the atmosphere will develop an oxide layer; the emis- 
sivities of some metals in the oxidized condition at 
high temperatures are given by McAdams:! 
steel, e = 0.8 
copper, « = 0.6 
aluminum, « = 0.2 
Heat flow into the mold is a process of conduction. 
The mechanism of conduction of heat in an aggre- 
gate such as sand is complicated, involving radiation 
from grain to grain, flow of gases, and conduction 
through the grains. However, A.F.S. No. 80 molding 
sand has been found experimentally, at M.I.T., to 
act as if it were a continuous medium having the 
following properties— 
BTU 
Thermal Conductivity, k = 0.57 --———---—— 
(Hr) (Ft) (°F) 
BTU 
Volumetric Specific Heat, pC, — 28 ——-—— 
(FY) 
If, instead of sand, a gypsum insulator surrounds 
the riser, k = 0.30 and pC, = 13.1 
No simple comparison between conduction and ra- 
diation can be made, since each depends in a dif- 
ferent way upon size, geometry, and solidification 
time. 


Analysis of Unshielded Steel Risers in Sand 


Since the heat flow pattern in a system such as a 
radiating riser is dependent upon both size and shape, 
it is necessary to select a shape and indicate spe- 
cifically what effect size will have upon it. The geom- 
etry chosen for this purpose is a right circular cyl- 
inder, of height equal to its diameter. Heat is as- 
sumed to flow from this riser by (1) radiation from 
the top surface, and (2) lateral heat flow into the 
sand. Vertical heat flow in the sand is neglected, and 
no heat is considered to enter or leave the riser 
through the bottom surface, i.e., no exchange of 
heat between the riser and the casting. (This is 
somewhat the same as saying that the base of the 
riser is the thermal center of the system.) Actually, 
heat will enter the riser by convection in the liquid 
metal during early stages, and leave later with the 
feed metal. It is further assumed any temperature 
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differences existing within the riser metal are small 
compared to the total temperature drop between thx 
metal and the surroundings (air or sand). 

The results of mathematical analysis for heat flow 
from 8-in. x 8-in. and 4-in. x 4-in. steel risers, in sand, 
are best illustrated graphically in Fig. 2. Details of 
the computations involved in the solution of this 
problem have been included in Appendix I. Heat 
flow rate by conduction, and by radiation, are plotted 
independently as a function of time. All calculations 
are based upon the time required for complete solidi- 
fication of the riser. The curves show that when metal 
is first poured into a cold mold, heat flow into the 
mold (conduction) is very rapid, and decreases with 
time. Radiation heat flow is more or less constant 
during solidification. In other words, the sand satur- 
ates progressively with heat, while the air does not. 
It is for this reason that size is important; with 
larger risers and longer solidification times, radiation 
losses become relatively more important. This is 
indicated in Fig. 2 when one examines the point 
where the radiation and conduction curves intersect. 
Radiation “overtakes” conduction at a much earlier 
relative time in the large riser. The numerical re- 
sults for this case are presented in Fig. 3. The large 
riser loses 55 per cent of its heat by radiation, and 
the smaller one loses 42 per cent. The radiation e' 
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Fig. 3—-Size effect on radiation losses. Time for total 
solidification of 4-in.x4-in. and 8-in.x8-in. cylindrical risers 
(steel). Without radiation the ratio of times for solidifi- 
cation would be 4:1. With radiation the ratio of times 
is less than 3:1, showing that the larger riser suffers rela- 
tively more from radiation losses. 42% of total heat is 
lost from top of 4-in.x4-in. riser. 55% of total heat is lost 
from top of 8-in.x8-in. riser. 


fect upon the relative solidification times is quit 
large; without radiation the ratio of times would be 
four-to-one, and with radiation less than three-to-one. 
The obvious extension of this line of reasoning is 
that for very large, open risers, practically all of the 
heat will be lost through the top of the riser, unless 
means are taken to prevent it. 


Freezing Temperature, Insulation, Radiation Shielding 


The calculations outlined in the previous section 
have been repeated to include copper and aluminum, 
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and to evaluate the effects of radiation shields and in- 
sulating sleeves. The insulating material is assumed 
to have thermal properties similar to those of gyp- 
sum; to accent the effect of radiation, perfect shield- 
ing is used (no radiation losses). The 4-in. x 4-in. 
riser is used, and the insulating sleeve is over an inch 
thick; i.e., thick enough so any backing material 
would have no effect on heat flow. 

Solidification times for different combinations of 
metal and method of protection are presented in Fig. 
4. Comparison of the first two columns shows the in- 
fluence of shielding alone upon the solidification 
times of steel, copper, and aluminum. Due to the 
differences in temperature, shielding exerts almost a 
threefold effect upon the time for freezing steel, less 
than twofold effect for copper, and only a 16 per 
cent change in the case of aluminum. The general! 
trend is exactly reversed when insulation is used 
without shielding (column 3, Fig. 4). The advantage 
gained by insulating a steel riser without top pro- 
tection is very slight; the freezing time for copper is 
increased twofold, and for aluminum is nearly tripled. 
Clearly, the influence of radiation upon heat loss at 
high temperatures cannot be overemphasized. To 
complete the picture, the possibility of combining 
insulation and shielding must be considered; these 
results are presented in column 4, Fig. 4. The in- 
crease in solidification times over those obtained by 
either insulating or shielding alone are quite drastic, 
even for aluminum. The times in column 4 may be 
high by about 10 to 15 per cent, since all heat is as- 
sumed to have escaped through a good insulator; per- 
fect shielding becomes less possible as solidification 
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Fig. 5—Radiation losses for various metals. 
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times become longer. Column 4 may be regarded as 
the upper limit or goal of non-exothermic riser treat- 
ments. 

Figure 5 is another method of showing the relative 
effects of insulation upon radiation and conduction. 
In any system heat will tend to flow along the path 
of least resistance, as does electricity or fluid under 
pressure. If restraint is imposed over one part of 
the system, more heat will flow through another part. 
Figure 4 indicates this behavior for insulation with- 
out shielding. Here, instead of solidification time, the 
per cent of total heat which leaves by radiation, is 
presented. Insulation increases solidification time by 
detouring some of the heat from the sides to the top 
of the riser. In other words, Fig. 5 shows that insulat- 
ing the sides of risers causes more heat to be lost 
through the top by radiation, than would be the 
case if no insulation were used. Thus, shielding is 
even more important in insulated risers than when 
they are uninsulated. This also helps explain the rela- 
tively very long solidification times given in column 
t, Fig. 4, where risers were both insulated and 
shielded. 

The values (per cents or times) for insulated steel 
are enclosed in parentheses, since they are of com- 
parative value only. Gypsum cannot withstand the 
temperature of molten steel, and no equally good 
substitute has been developed. An insulator under 
these conditions might be any fine-grained refrac- 
tory material with low volumetric specific heat (Ap- 
pendix II). 

Materials for Riser Treatment 


1. Inert Materials. This category comprises non-reac- 
tive insulators and radiation shields; these may be 
used in molded form or as loose powders. Fine grain 
size and open packing are the main physical charac- 
teristics which make a refractory aggregate an insula- 





tor. Some materials have fine celiular structures 
which make them excellent for high temperatures. 
Many materials (including sand) may act as radia- 
tion shields. A light cellular opaque substance is the 
most desirable, however. 
2. Carbonaceous Combustible Materials. a. Cellulose 
Base—Some organic materials, when burned in air, 


produce ash which has an open structure and make, 


an ideal radiation shield on top of risers. The heat- 
ing value of these organics is probably quite small, 
since the reaction product is a gas which carries away 
most of the heat; but enough heat is usually produced 
to compensate for specific heat of the material, so 
little or none is drawn from the riser for this pur- 
pose. 

b. Amorphous Carbon or Graphite. The heating value 
of carbon is also limited by gaseous reaction prod- 
ucts. Most of these materials are probably not as ef- 
fective as the cellulose base in eliminating radiation 
because the open structure is often absent, and car- 
bon is a fairly good conductor of heat; also oxygen 
supply from the air is constricted by dense packing, 
and burning is often incomplete. In the case of 
steel, there is risk of carbon pick-up in the casting. 

Charcoal is different than most other combustible, 
carbon-base materials, in that it has an open struc- 
ture; for this reason, charcoal is very effective as a 
riser compound. 

3. Exothermic Materials. a. Producing No Metal and 
Containing No Carbon. Most materials in this category 
consist of oxidizable, granulated metals, which burn 
slowly when heated in the presence of air or other 
oxidizing agents. The temperatures and reaction rates 
are relatively high, but should not be so high as to 
cause mechanical breakdown of the base structure 
when used in the molded form; the product may be 
a solid, or a slag. These substances may be used 
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either in a molded sleeve surrounding ‘the riser. or in 
the loose powdered condition on top of the riser. 

b. Metal-Producing Type. Metal-producing exother- 
mic materials make use of the Goldschmidt, or ther- 
mit-type, reaction, whereby a metal oxide is reduced 
by a finely divided reducing agent such as aluminum. 
The temperature of the liquid metal product is very 
high, and so is the reaction rate; the reaction actually 
adds heat to the riser, since the reaction product is 
hotter than the riser-metal itself. Metal-producing 
materials can only be used on the top of the risers, 
and because of the large quantity of heat evolved are 
particularly advantageous on short risers; this saves 
metal, reduces side-losses, and sets up favorable ther- 
mal gradients in the casting. There is some loss of 
heat during the initial flash of the reaction, but a 
slag cover is produced which acts as a good radiation 
shield. The liquid product formed insures good 
thermal content with the riser, and the composition 
of the product is not usually critical, since the high 
temperature causes it to “float’’ rather than mix with 
the casting. 

4. Externaily Applied Heat (Arc, Gas, or Induction). 
This method of keeping a riser open is similar in 
principle to exothermic treatment. Because of the 
fixtures required, the only probable commercial ap- 
plication would be the repeated manufacture of very 
large castings. 

Summary 


The foregoing is an introductory analysis of riser 
treatment designed to 

(1) develop an appreciation of how heat is lost 
from, or conserved in, risers, 

(2) show the mechanism by which heat is lost as it 
varies with riser size and metal composition, and 

(3) emphasize that there is no single panacea for 
all the foundrymen’s risering problems. Each gen- 
eral type of material used for riser treatment has an 
important application, but no single type has an all- 
enveloping application. 

It is not intended that this do more than reflect 
the trend of experimental work now in progress. 


APPENDIX | 


Carslaw and Jaeger? present an expression for the 
heat flux into the region bounded internally by a 
circular cylinder for the case where the region is 
initially at uniform temperature T, and the interior 
surface is suddenly raised to temperature T. and 
held constant: 


al afu- 
b 4K (T. — T)) e du 
A rR uf Jo? (Ru) + Yo? (Ru) ] 
oO 
(1) 
where R — radius 
K 
a = thermal diffusivity — —-—— 
eC, 
6 = time 


Jo and Yo are Bessel functions of the first and sec- 
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ond kind, respectively, of order zero. Jaeger and 
Clarke* have tabulated numerical values of the above 
expression. Usjng the numerical values, and a pro- 
cess of graphical integration, a value for n may be 
obtained for use in the following approximation for 
the heat flux: 


q M l 
= K (T,— T,)| —— + (2) 
A R rad 
Io obtain the total rate of heat loss, radiation is 
added: 
M l 
q = AcK (Ty, T)) + + 4G 
R \ ra 
(3) 
where A, represents the area of the sides or sand sur- 
face of the riser, and q, is the radiation heat loss rate. 
Integration then leads to: 
M 2/6 
6+ —- + q, 6 
R \na 


Q = A.K (T. — T) 


(4) 
where Q represents the heat content of the riser. 
Equation (4) may be solved for the time, which is the 
only unknown. gq, is evaluated by means of the radia- 
tion equation presented earlier. When the time has 
been determined, the last term in Equation (4) rep- 
resents the total heat lost by radiation. 

For solving problems on solidification of metals in 
refractory molding materials (poor conductors), the 
value of n may usually be taken as 0.47. 

Figure 2, illustrating the effect of size, represents 
the first and second terms of Equation (3) plotted in- 
dividually as a function of time. 


APPENDIX Il 
Thermal Properties of Aggregate Molding Materials 


There is some profit in considering what properties 
to look for in a material which might make it a 





N 


TU in 
t* hr °F 


b un a 


Thermal Conductivity, K (7 
w 














(@) 2 a 6 8 10 12 14 16 18 20 
Temperature, °F Absolute (T3xi0~?) 


Fig. 6—Thermai conductivity of dry sand vs temperature 
(Data from Lucks‘) 





622 


good insulator upon exposure to molten metal. Ref- 
erence to standard engineering tables of thermal 
properties can be quite misleading when extended to 
high temperatures. For example, McAdams gives the 
room temperature values for gypsum and dry sand: 


BTU 


Thermal Conductivity, —————-—— 
(Hr) (Ft) (°F) 


Gypsum, molded and dry, k = 0.25 
Dry Sand, k = O99 


At room temperature the heat is carried through an 
aggregate principally by conduction through the 
grain and through the air spaces. However, at high 
temperature the thermal conductivity of almost any 
aggregate will increase, as the mechanism of radia- 
tion from grain to grain becomes important. One 
may consider that the process of heat flow through a 
particulate medium, such as sand, may be represented 
by superposing two mechanisms: (1) True conduc- 
tion by air and grains, and (2) regularly interrupted 
radiation. The radiation component may be approxi- 
mated by considering the radiant flow of heat 
through a laminated medium, in a direction normal 
to the laminae. McAdams gives an expression for the 
radiant transfer of heat between two flat parallel 
sheets at temperatures T, and T>: 


qr 
an te Cy (TY — Fy (1) 


A 


where C, is a constant. 

If there is an entire series of regularly spaced sheets 
which are very thin, opaque, and closely spaced, Equa- 
tion (1) will apply to any two consecutive sheets, and 
the difference (AT) between T, and Ty, will be 
small, so that: 


qr 





-=4C, T’aT (2) 
A 
If the interlamellar distance is 1, the temperature 
gradient becomes: 





AT dT 
l dx 
and this gives: 
qr dT 
— =—4C,1T® (3) 
A dx 


Equation (3) represents the flow of heat by a mech- 
anism of regularly interrupted radiation. In order 
to apply this result to an air-sand mixture, radiation 
must be superposed upon “true” conduction. If the 
conductivity of the air-sand mixture, without the aid 
of radiation, is k,, the conduction heat flow compon- 
ent is given by 


de dT 
a I kc (4) 
A dx 





A SIMPLIFIED ANALYSIS OF RISER TREATMEN’s 


Ihe total heat flow is obtained by adding radiation 
and conduction: 
q qr qe dT 
——- = — + —- = (4C,1T* + K,) 
A A A dx 
Thus the effective conductivity of dry sand has the 
form: 





(5) 


K = 4C,1T?4 K, (6) 


In Fig. 6 the thermal conductivities of three sands, 
determined by Lucks and co-workers,* are plotted as 
a function of T°, illustrating the general validity of 
Equation (6). The quantity /, defined above as the 
interlameller spacing of the sheets, is a measure of the 
grain size of the material. It may be seen that the 
slopes of the lines in Fig. 6 are in direct relation to 
the grain size. 

This treatment shows the increase to be expected 
in thermal conductivity with increasing temperature 
and grain size. More important, it indicates that for 
materials of very fine grain size, thermal conductivity 
may remain almost constant with varying tempera- 
tures—in other words, very fine materials may be ex- 
pected to behave like insulators compared to coarse 
sand when used at very high temperatures. This is a 
partial explanation for the behavior of gypsum as 
an insulator. However, thermal conductivity alone 
will not completely describe the behavior of a ma- 
terial under transient heat flow conditions. 

In addition, a good riser insulator will have a low 
volumetric specific heat. Most refractory oxide min- 
erals- have roughly the same volumetric specific heat 
in the non-porous condition. However, both thermal 
conductivity and volumetric specific heat are reduced 
by open or loose packing. 
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Referring to appendix 1, equation 1, this equation holds for 
the following case: 

The riser is held at constant temperature; what is the rate of 
heat flow into the sand? In order to evaluate equation | the 
thermal diffusivity has to be introduced. This does not include 
in any place the heat of fusion. The latter acts in the same way 
as a temporary increase of specific heat. Since the increase is 
only for a limited time it would not be permissible to merely 
decrease the diffusivity. 

The authors introduce different values for emissivity for the 
various materials; but they take an average value for the con- 
ductivity and the specific heat of the sand. As may be seen from 
the report on the writer on solidification of aluminum castings 
(TRANSACTIONS, A.F.S., vol. 56, p. 366, 1948) the average sand 
conductivity in case of aluminum castings is only half the value 
of the average sand conductivity in case of a steel casting. 

In Fig. 4 the authors indicate that they have investigated the 
limiting case of a “perfect shield.” Introducing the shield pro- 
duces on the top of the riser a similar condition as prevailing on 
the sides: thermal capacity has to be taken into consideration 
in addition to the thermal resistance. It would be possible with- 
out special effort to consider a shield more practical than the 
“perfect” one. 

Summarizing, it seems as if the approach of the authors would 
be promising if they could offer proof that the various simplifica- 
tions which they introduce do not create serious errors in the 
practical conclusions. Without such proof it seems to be dan- 
gerous to present the conclusions for the practical foundryman 
who may not readily be in a position to gage the significance 
of the various simplifications. 

C. M. ADAMs, JR. AND H. F. Taytor (Authors’ reply to Dr. 
Paschkis): The authors wish to thank Dr. Paschkis for his obser- 
vations on the analysis. 

With regard to the heat of solidification, in Appendix I, Q is 
defined as “the heat content of the riser” which, of course, 
includes the heat of solidification, as well as the superheat. 

Most experimental investigations of thermal conditions in sand 
castings indicate that mold surface temperatures are substan- 
tially constant during solidification. (e.g. see Bishop, Brandt, 
and Pellini, “Solidification of Steel from Sand Walls,” TRANs- 
acTions, A.F.S., 1951). Fluctuations of more than 5 per cent 
seldom occur. This observation might also be predicted on theo- 
retical grounds. 

Concerning the notation in Appendix I, all symbols are de- 
fined in the text. : 

The thermal properties which are adopted for the calculations 
were obtained by interpreting the solidification times found for 
pure copper, aluminum, and steel in sand and gypsum molds 
(experimental work now in progress). Since the temperature of 
the mold, during solidification, ranges from room temperature 
almost to the freezing temperature of the metal, these figures 
represent “average” values, strictly applicable only at scme un- 
known intermediate temperature. The values for the sand lead 
to correct solidification times, and are fairly reliable. The gyp- 
sum figures are more questionable since data obtained thus far 
have been erratic. 
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The general conclusions regarding the relative influences of 
riser size, temperature, and method of treatment do not depend 
upon the accuracy of the thermal data which have been used. 
The authors attath little significance to the absolute solidifica- 
tion times obtained in the examples chosen. However, the rela- 
tive or comparative values should be of some aid in helping the 
foundryman select or reject various devices for riser treatment 
by examining his particular application more closely. 

CHAIRMAN SCHWARTZ: It would seem that the term “equivalent 
conductivity” would be more suited to the conditions of this 
paper than the more general term “conductivity.” 

Mr. Taytor: The authors are agreement with the suggestion. 

J. Grotr:* Production experience with highly exothermic 
pipe eliminators bears out the authors’ theory that top and side 
losses are additive. Instructions for these pipe eliminators only 
consider cylindrical risers. The amounts recommended in these 
instructions can be converted to other shapes by first, using an 
equivalent amount per square inch of top surface and then in- 
creasing this amount by a ratio of surface area of the sides of the 
riser used to that of the surface area of the sides of a cylindrical 
riser. 

Dr. PAscHKis: One possible serious error may arise from the 
authors’ simplified calculations, in that they use an average 
value for sand conductivity. This value changes for different 
metals. The sand conductivity with aluminum is about half that 
of steel. 

Mr. Taytor: The temperature influence on sand conductivity 
should not cause an error of more than 5 to 10 per cent for 
the different metals. 

H. H. Harris:* Induction heating of risers has one serious 
drawback, the riser freezes over and shuts off atmospheric 
pressure. Exothermic pipe eliminators are the best. Gypsum 
causes trouble if it gets mixed with the sand. 

An efficient riser collar can be made of a roll of toilet tissues. 
Simply cut out the center with a sharp knife to the form of a 
truncated cone, paint with shellac to hold it together and coat 
with silica wash. The heat of combustion of the paper retards 
heat transfer and the rell of paper is an excellent insulator, 
equal to a material with a density of only 10 lb/cu ft. The coni- 
cal shape of the riser allows for unhindered contraction. 

Another efficient pipe eliminator can be made of a mixture 
of ground corn cobs, fuel oil and carbon dust. Such a material 
has been used to cover low carbon stainless risers with no trouble 
due to carbon pick-up on remelting. The best solution to many 
problems is gating and slow pouring; many gates to distribute 
the metal uniformly. This has proved successful in casting high 
alloy lead and cyanide pots. Risers are harmful in that they 
produce adverse temperature effects. 

G. E. DALBey:* Perlite sleeves have been effective in reducing 
the freezing time of manganese bronze propellers, Similar risers 
on the same casting remained at the liquidus for 20 min when 
in contact with sand, 50 min when in contact with a perlite 
sleeve. 

2? Unitcast Corp., Toledo, Ohio. 


* General Alloys, Inc., Boston, Mass. 
* Mare Island Naval Ship Yard, Vallejo, Calif. 








MELTING IN A HIGH SPEED REVERBERATORY FURNACE 


By 


R. G. Carlson* and W. B. Scott* 


The review of one foundry’s experience in melt- 
ing in one particular type of furnace is presented in 
an effort to add to the general understanding of the 
merits of this particular type furnace. The furnaces 
used were operated as seemed best suited to this 
foundry’s needs with melt time, economy, and melt 
quality being the factors used to evaluate the turnace 
operation. 

The furnace of this reference is that relatively small 
reverberatory furnace commonly known as a Stroman 
or Sklenar furnace. The specific features of thi, fur- 
nace that make it a distinct type are the relatively 
high rate of fuel input, and the charging arrange- 
ment whereby the charge material is preheated as it 
passed down the stack. The practice reviewed in 
this article is limited to the common copper-base 
alloys. 

The schematic diagram of Fig. 1 illustrates the basic 
features of the furnace construction. Originally, the 
furnaces were equipped with a recuperator as shown 
in this diagram but this was later discarded, easing 
the maintenance man’s problem at an undetermined 
loss in efficiency. Figure 2 shows one such unit of 
600-lb rated capacity. Figure 3 shows a larger unit 
of 2000-lb capacity. 

Strictly speaking, from an operating standpoint, 
melting the nominal brasses and bronzes in this type 
furnace presents few problems that are not already 
known to the working foundryman. Because of the 
fast melting rates, little of the charge is subjected to 
2 “soaking time” as the entire bath is brought up to 
pouring temperature. By shortening this “soaking 
time,” the gassed metal bugaboo of melting is mini- 
mized. Furthermore, this fast melting enables the 
melting department to approach the production rates 
required of the modernized foundry with its mech- 
anized molding, sand handling, and shake-out sys- 
tems. In return for this increase in output, the fur- 
nace operator is presented with problems of refrac- 
tory maintenance and the operating control that is 
part and parcel of the high heat input. 





*National Bearing Div., American Brake Shoe Co., Meadville, 
Pa. 
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Furnace atmosphere control is still important even 
though the high melt rates do minimize soaking. 
Under the conditions of direct contact of combustion 
atmosphere and melt, considerable care must always 
be taken. For the high quality metal required for 
the authors’ shop production, we have settled on a 
slightly oxidizing furnace atmosphere to the extent 
of 4 per cent excess oxygen. 


Sampling Furnace Atmosphere 


When the furnaces were first installed, an exhaus- 
tive study was made of the furnace atmospheres. On 
the 2000-lb furnace, sampling tubes were installed as 
shown in the diagram of Fig. 1. These sampling 
tubes were so arranged that each of the six locations 
could be checked individually but simultaneously. 
The actual sampling tube was a 3%-in. quartz tube 
inserted through a hole drilled in the furnace wall. 
Secondary air was excluded from the sampling spot 
by asbestos packed around each,tube. Sampling posi- 
tion No. 1, No. 2 and No. 3 (not shown) were located 
in line with the three burners and projected into the 
stack. Positions 4 and 5 were directly in the middle 
of the furnace front to rear and placed behind the 
throat arch and between the third and fourth roof 
arches respectively. Position 6 was at the back of 
the furnace approximately 12 in. in front of the 
burners. The gas analysis equipment was carefully 
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Fig. 1—Cross-sectional view of melting furnace showing 
basic features of furnace construction. 
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Fig. 2—Showing 600-Ib rated capacity furnace. 


calibrated before the test operation. In_ theory, 
sampling position 1, 2 and 3 should have given the 
most consistent results because of their location. Ac- 
tually, the quartz tubes in these locations suffered 
continual plugging by refractory slag and bumping 
by the charge. In practice, it was found that by tak- 
ing readings when the melt was almost up to tap 
temperatures, each of the six sampling tubes could 
be made to give approximately the same gas analysis 
indicating that the overall furnace atmosphere was 
uniform. A cold charge in the stack could be ex- 
pected to change the equilibrium ratios of the com- 
bustion gases. It was also indicated that the turbula- 
tor on each of the three burners broke up prac 
tically the entire air and oil mixture within 12 in. 
of the burner tips. Knowing now that the overall 
furnace atmosphere would be uniform as the tem- 
peratures thrcughout the furnace became uniform, 
one would expect that one long sampling tube in- 
serted at the pouring spout and aligned separately 
with each burner would give an accurate reading for 
control purposes. 

While the excess air is a general rule, an cx: eption 
is made for the melting of high copper heats, i.e., 
99 per cent plus copper. For this type melt, and 
partly due to the higher pouring temperatures re- 
quired, the 14 per cent excess air atmosphere devel- 
oped a troublesome excess slag. Moreover, the molten 
metal in the ladle had a “wild,” rolling appearance 
which no practical deoxidizer could adequately con- 
trol. A slightly reducing atmosphere on this type 
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heat has proven more practical, giving a cleaner fur- 
nace as well as better castings. 

The operation of the furnace under these oxidiz- 
ing conditions produces some slag, as must be ex- 
pected. Excess slag will tend to insulate the bath 
lengthening the melt time and increasing costs. To 
minimize this effect, each heat should be carefully 
skimmed before tapping to eliminate the slag build- 
up from heat to heat and thus tend to maintain a 
clean furnace for subsequent charges. The furnace 
can be skimmed through the pouring spout if the 
furnace is lined properly. If through a mechanical 
failure in the oil pressure or because of the inevitable 
human element, the furnace is operated on a highly 
oxidizing atmosphere, or a heat is allowed to soak 
after normal tap time even with correct fuel ratios, 
a heavy metal oxide will build up on the bottom 
of the furnace. 

A measure of the heat input of the furnace may 
be indicated by a melt time of 20 min on the 600- 
lb unit or 35 min on the larger 2000-lb unit in use at 
the authors’ shop. This time corresponds to a fuel 
consumption of 48 gal of oil per hour for the larger 
furnace. The oil used is Grade 2. 

Because of this high heat input, a high melt loss 
might at first seem probable. However, actual melt 
losses have been found to be comparably low. On a 
wide range of alloys from high tin gear bronze to a 
high lead-bearing metal such as AAR 503 medium 
and including hydraulic brasses such as Navy G, the 
authors have checked quantitative losses of 34 per 
cent to 214 per cent. The overall average is well 
below 2 per cent. On a nominal 85-5-5-5 heat in the 
600-lb furnace the authors have found zinc losses to 
run from 0.35 per cent to 0.65 per cent which must be 





Fig. 3—Showing 2000-lb rated capacity furnace. 





626 


considered low for an open-flame type furnace. A 
qualitative loss on an alloy approximating 80-10-10 
will average 1 perscent lead loss, 14 per cent tin loss, 
with a quantitative loss of 114 per cent. These figures 
are based on charges of clean gates or ingots. Some- 
what higher figures will be encountered when melting 
borings and turnings. The furnace has not appeared 
practical with the higher zinc alloys (above 5 per 
cent zinc) although the authors’ experience has been 
purposely limited. Experimentally, the authors have 
tried a 90,000 psi tensile manganese bronze with 
zinc approximately 24 per cent. The zinc losses 
amounted to reduction of more than 51% per cent 
zinc content. 

The refractory linings available for this type fur- 
nace still have much room for improvement. Many 
types of brick and ramming materials have been ad- 
vocated and still have to be tried. Currently, the 
authors are getting better than average results with 
super duty, double burned Missouri fire clay brick. 
Spalling of this extremely hard brick in the roof 
arches was at first a serious problem. This trouble has 
been practically eliminated by the furnace manufac- 
turer who has incorporated tension springs on the 
arch frames to insure constant, but not excessive, 
loading at all times. The weakest spot of the refrac- 
tory lining, remains the throat arch, i.e., first arch 
next to the stack. This arch takes the brunt of the 
flame impingement plus the abrasion of heavy scrap 
charges. To try to overcome this problem spot, three 
different silicon carbide ramming mixtures have been 
tried. The authors have also tried two single piece 
silicon carbide sections, silicon carbide face brick 
with clay backup brick, and six different clay brick 
on this particular arch. The results were all com- 
parable. The silicon carbide in any of the forms 
tried will take the flame impingement but the abra- 
sive abuse of heavy scrap charges equalizes the life 
of any of these materials. 





MELTING IN A HIGH SPEED REVERBERATORY FURNACI 


To summarize findings, the authors would say that 
this type of furnace is fast and efficient. Atmosphere 
control is in line with general foundry practice with 
other types of open flame melting units. However, 
the refractory material available for lining is sub- 
jected to most severe operating conditions and pre. 
sents a major problem of maintenance that has yet 
to be solved in a satisfactory manner. 


DISCUSSION 


Chairman: W. A. Maver, Oberdorfer Foundries, Inc., Syra 
cuse, N. Y. 

Co-Chairman: B. W. ScHAFeR, Kuhlman Electric Co., Bay 
City, Mich. 

Recorder: C. P. Kotowicz, Ampco Metal, Inc., Milwaukee. 

CHESTER PeTZzkE:' The Strohman furnace is not adaptable to 
aluminum bronze melting because of melt losses being too high 

Mr. Scotr: We experienced the same high lcsses in the remelt 
of borings and spillings in this type of furnace. 

CHAIRMAN MApeER: We had several reverberatory furnaces but 
encountered difficulty in melting aluminum bronze alloys in this 
type of furnace. We prefer this type of furnace for melting 
85-5-5-5 and 80-10-10 alloys. 

R, A. Cotron:* Did you arrive at oxidizing by experiments? 

Mr. Scotr: We were not too concerned in general practice if 
it was either oxidizing or a reducing atmosphere. The furnaces 
were started every morning from a cold furnace. 

L. H. Kinc:* Have you melted high-nickel alloys in this type 
cf furnace? 

Mr. Scott: No, we melted 85-5-5-5 and 83-7-7-3 type alloys. 

MeMBeER: Has anyone melted iron successfully in this type of 
furnace? 

MeMBER: To my knowledge iron was not melted in this type 
of furnace successfully even though the manufacturers claim it 
can be done. The biggest problem encountered was the difficulty 
in eliminating slag. 

J. G. Wncer:* Our findings resulting from experiments 
parallel those of the authors. The slag usually takes place on 
the bottom of the furnace. High-nickel alloys can be melted in 
this furnace with good results, but conditions must be ideal. 


1 Foundry Supt., Ampso Metal, Inc., Milwaukee. R : : 
2 Research Metallurgist, American Smelting & Refining Co., Barber, N. J. 
* President, King Foundry, Inc., Minneapolis. 

‘Foundry Supt., Reda Pump Co., Bartlesville, Okla. 

















EFFECT OF PHOSPHORUS CONTENT ON 


GRAPHITIZATION 


RATE AND MECHANICAL PROPERTIES OF BLACK-HEART 
MALLEABLE IRON* 


By 


J. E. Rehder** 


ABSTRACT 


The literature on the effect of phosphorus in black-heart 
malleable iron is reviewed and summarized, and new data are 
provided. With increasing phosphorus content, the ultimate 
strength, yield strength, and hardness increase, and elongation 
decreases. The ratio of yield to ultimate strength increases with 
phosphorus content, and the untouched and notched impact 
strengths are little affected up to 0.15 per cent phosphorus. The 
notched impact strength of heat-treated (quenched and drawn) 
malleable iron decreases with increase in phosphorus content. 

The principal disadvantage of phosphorus in malleable iron 
would seem to be its action as a retardant of anneal, each 
doubling of the phosphorus content increasing the time necessary 
for first and second stage annealing by about one half and one 
third, respectively. 


Introduction 


Phosphorus is present in all commercial malleable 
irons, and is derived from the ores used in making 
pig iron. It is litthe changed in amount by the melt- 
ing practices commonly used, and the only practicable 
way to control phosphorus content in malleable iron 
has been to regulate the amount of phosphorus in the 
raw materials. 

It has been known for many years that the presence 
of more than about 0.25 per cent phosphorus ser- 
iously embrittles malleable iron in both the white 
iron and annealed state, and the practice has been to 
keep phosphorus content below 0.20 per cent, usually 
about 0.15 per cent. This was done by specifying 
that the pig iron contain not over a certain maximum 
content of phosphorus, and this is one of the import- 
ant criteria of “malleable grade” pig iron. 

With increasing use of duplex melting wherein 
relatively large proportions of steel scrap, low in 
phosphorus, are used in the charge, phosphorus con- 
tent of the finished iron of about 0.07 per cent be- 
came common, and the questions of the effects of 
phosphorus in malleable iron became more import- 
ant, since some control could now be had by addi- 
tions of phosphorus. The work described below is an 
attempt to evaluate the effects of phosphorus content 


* Published by permission of the Director-General of Scien- 
tific Services, Department of Mines and Technical Surveys, 
Ottawa, Ontario, Canada. 

** Foundry Engineer, Physical Metallurgy Div., Mines Branch, 
Dept. of Mines and Technical Surveys, Ottawa, Ontario, Canada. 
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in malleable iron, and to determine whether there 
is an optimum phosphorus content. 


Previous Work 


There has been relatively little data reported in 
the literature on quantitative effects of phosphorus 
content on graphitization rate and mechanical prop- 
erties of blackheart malleable iron, and it has appar- 
ently been gassumed that phosphorus has an embrit- 
tling and hardening effect on mechanical properties, 
with little effect on annealability or graphitization 
rate. 

In 1922 Schwartz! stated that in amounts up to 
0.15 per cent, phosphorus had no effect on mechanical 
properties, but that in amounts above 0.25 per cent 
the phosphorus was insoluble in the ferrite and there 
was then an (unspecified) harmful effect. It was fur- 
ther stated that phosphorus had no effect on the 
graphitizing process. Bean* found that phosphorus 
content was a factor in susceptibility of malleable 
iron to galvanizing embrittlement. 

Kikuta® studied the effect of phosphorus on graphi- 
tization rate of black-heart malleable iron, and con- 
cluded that phosphorus accelerates graphitization ex- 
cept in amounts of the order of 0.70 per cent. How- 
ever, on reassessment of his complete data on phos- 
phorus, this conclusion would not appear to be justi- 
fied. Fielden* in 1942 stated that higher phosphorus 
contents in cast iron resulted in deeper chill, but 
with no effect on graphitixation rate. Dastur and 
Cohen® showed that phosphorus in cast iron inhibits 
graphitization, but to a lesser extent than does 
chromium. , 

Schwartz® in a summary paper states that phos- 
phorus in malleable iron increases the ultimate and 
yield strengths with little effect on elongation. Evans? 
has shown recently in a detailed and comprehensive 
study of the fluidity of cast irons that phosphorus is 
one half as effective in promoting fluidity, as is an 
equal amount of carbon. 

Rehder® stated that phosphorus inhibits graphiti- 
zation and decreases impact strength in malleable 
iron. In the same paper the effects of phosphorus 
content on the mechanical properties of nodular iron 
were examined, and it was shown that phosphorus in 
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nodular iron increased the yield, ultimate strength 
and hardness slightly, and decreased the elongation 
and impact strength appreciably. 

Some of the work reported in the literature on the 
effect of phosphorus content on the mechanical prop- 
erties of low-carbon steels will be of interest. Piggott" 
stated that phosphorus increased the ultimate strength 
of steel by about 1,000 psi for each increase of 0.01] 
per cent phosphorus up to 0.40 per cent, but with 
increased brittleness. Motok!® in a study of pure 
iron-phosphorus alloys found that the solid solubility 
of phosphorus in pure ferrite was over one per cent, 
and that phosphorus increased the hardness of ferrite 
in a fairly regular manner. 

To summarize, it would appear generally agreed 
that phosphorus inhibits graphitization to some ex- 
tent, and that it increases the strength and hardness 
of annealed malleable iron with uncertain effects on 
elongation and impact strength. 


Experimental Method 


A 500-lb heat of iron was made up from pig iron 
and steel scrap, with small amounts of lump ferro- 
manganese and ferrosilicon and a few ounces of sul- 
phur to bring the iron within normal commercial 
ranges of composition. The heat was melted in an 
induction furnace, heated to 1571 C (2860 F), cooled 
to 1555 C (2830 F) with power off, and tapped in 
five taps into a preheated 100-lb pouring ladle. The 
temperature of the iron in the furnace was main- 
tained at 1555 C (2830 F), and pouring was done 
with promptness to avoid too long a holding period 
of the last iron in the furnace. 

Additions of crushed 25 per cent ferrophosphorus 
were made to the ladle while filling, and after the 
full ladle was stirred and weighed, the iron was 
poured into the test bar molds. Tapping and pour- 
ing temperatures, and delay time, were essentially 
constant for each tap. A wedge sample was poured in 
a split copper mold from each ladle, and the wedges 
were eventually pulverized to provide samples for 
chemical analysis. Four increasing additions of phos- 
phorus content were made, to provide five levels of 
phosphorus content. 

One test bar casting from each phosphorus level 
was reserved and cut into smaller specimens in the 
white iron state by means of an abrasive cut-off 
wheel. These specimens were used for determining 
the times necessary for first and second stage graphi- 
tization, and the location of the top and bottom of 
the critical temperature range on cooling, by meth- 
ods previously described by the writer.™-1? All of the 
remaining castings were then fully annealed, those of 


TABLE 1—CHEMICAL COMPOSITION 





Test Specimens 




















= oe A-3 \-4 4-5 
Total carbon, % 2.35 —- — 2.35 
Silicon, % 1.31 1.32 1.31 1.32 1.31 
Manganese, % 0.43 — — — 0.43 
Sulphur, % 0.170 — —- 0.165 
Phosphorus, % 0.020 0.049 0.065 0.134 0.410 
Chromium, % 0.025 —- — 0.026 
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each phosphorus content being given appropriate an- 
nealing times according to those determined on thc 
reserved samples. 

Two thirds of the annealed castings were then re- 
heated to 816 C (1500 F), held for 4 hr, and halt 
of them quenched in oil, and half air-cooled or norm- 
alized. The quenched and the normalized castings 
were then drawn or tempered for 3 hr at 621 C (1150 
F). There resulted from the above treatments three 
sets of test castings; one fully annealed, one oil 
quenched and drawn, and one air-cooled or normal- 
ized and drawn; each set containing castings of five 
different phosphorus contents, but all of nearly iden- 
tical chemical composition otherwise. After heat treat- 
ment the risers were cut off, Brinell hardness was de- 
termined, and the appropriate test bars machined. 

The test casting used, a Y-block casting as described 
by Flinn'* and made in a baked oil-sand core, re- 
quires description. The standard ASTM tensile test 
bar for malleable iron, A47-48, which is specified to 
be tested in the unmachined condition, was not used 
because of the effect of variables in gating and rise1 
ing, and especially in surface condition as affected by 
the grain size of molding sand used. . 


Test Casting Described 


In the present work the effect of phosphorus con- 
tent on the iron itself was being sought, and othe: 
possible variables were eliminated as much as _ pos. 
sible. The test bar used was a single-leg keel block 
or Y-block, which produced a usable portion 14 in. 
thick, about 2 in. high, and 6 in. long as-cast afte: 
cutting off the riser. These coupons were completely 
sound throughout, and would represent a_ section 
from a well-fed malleable iron casting of 14 in. sec- 
tion thickness. 

Full-sized Charpy impact test specimens were, of 
course, obtainable from the coupons, but a standard 
0.505 in. diameter tensile specimen was not obtain- 
able. The tensile test bar used was %,-in. diameter 
in the gage length portion, with a gage length of 2 
in. The ends were threaded to 14-in. diameter, and 
the over-all length was 514 in. All test bars used in 
the present work were, of course, machined from the 
coupons after annealing or heat treatment. 

It is realized that the mechanical test results ob- 
tained from tensile test bars are affected by the dia- 
meter of the reduced section as well as by the ratio of 
gage length to cross-section area, and this fact renders 
it unwise to make direct comparison of the tensile 
test results obtained in the present work with those 
obtained from test bars of standard dimensions. How- 
ever, the internal consistency should be unaffected, 


TABLE 2—GRAPHITIZATION TIMES 





Time Time No. of 
Necessary at Necessaryat Nodules 
Phosphorus 954C(1750F) 718C(1325F) persq mm 


Iron Content, % First Stage, hr Second Stage, hr Sample 
A-l 0.020 4.0 23 53 
A-2 0.049 5.0 18 85 
A-3 0.064 55 19 54 
A-4 0.134 9.75 25 13 
A-5 0.410 18.0 35 ae 
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i.e., the changes in tensile properties with change of 
phosphorus content to be noted in the present work 
are real. The impact test results reported below 
should, of course, be directly comparable with other 
work since they are ASTM standard Charpy speci- 
mens. 

From each lot of coupons, at various phosphorus 
levels and either annealed, normalized, or oil- 
quenched and drawn, two tensile specimens, four un- 
notched Charpy bars and four V-notched Charpy bars 
were machined. In addition, from each set of fully 
annealed specimens an extra set of Charpy impact 
test pieces was machined, and these were subjected 
to a typical galvanizing time-temperature cycle, using 
lead instead of zinc to prevent contamination of the 
samples. 

Since the blocks which were fully annealed were 
cooled in air from 649 C (1200 F), and hence should 
not be subject to galvanizing embrittlement, the im- 
pact test results should show the efficacy of air-cool as 
a means of preventing galvanizing embrittlement at 
various phosphorus contents. 


Test Results 

The chemical analyses of the irons obtained are 
given in Table 1. The liquid shrinkage of the Y- 
block heads was essentially uniform throughout the 
series, and no differences in visual character or hand|- 
ing of the metal were noticed as phosphorus content 
was increased. The as-cast white iron microstruc- 
tures for four of the phosphorus levels are shown in 
Figs. 1 to 4, inclusive. 

The results of annealing rate or graphitization 
time determinations are given in Table 2 and Fig. 5, 
along with nodule counts made on sections cut from 
broken fully annealed tensile test bars. 

The results of the critical temperature range de- 
terminations, made at a cooling rate of 4 C (7 F) per 
hour, are given in Table 3 and Fig. 6. 

Mechanical test results, including Brinell hardness, 
are given in Tables 4, 5, and 6, and in Figs. 7 to 10, 
inclusive. Smal] quantities, little more than traces, 


Fig. 5—Effect of phosphorus content on time necessary 
for graphitization. 


6 


6 


EFFECT OF PHOSPHORUS CONTENT 
ON 


vo fw 


n 


TIME FOR COMPLETION OF ANNEAL - HOURS 





oo Cos Co4 o1°0 Coto ©3830 040 


PHOSPHORUS CONTENT - PERCENT 


Fig. 1—White cast 

iron, 0.020 per cent 

phosphorus. X100. 

Etched, 2 per cent 
nital. 


Fig. 2—White cast 

iron, 0.049 per cent 

phosphorus. X100. 

Etched, 2 per cent 
nital. 


Fig. 3—White cast 

iron, 0.134 per cent 

phosphorus. X100. 

Etched, 2 per ‘cent 
nital. 


Fig. 4—White cast 

iron, 0.410 per cent 

phosphorus. X100. 

Etched, 2 per cent 
nital. 
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Fig. 6—Effect of phosphorus content on critical tempera- 
ture range of a malleable iron. 


of primary graphite were found to be present in the 
A-5 series (0.410 per cent phosphorus), and mechan- 
ical properties were not determined due to the un- 
certain effect of the small quantity of mottle. This 
mottle was probably the result of inoculation by 
the relatively heavy addition of ferrophosphorus, but 
is no indication of graphitization rate since even 
crushed ferro-chromium, as a ladle addition, will in- 
crease mottling tendency. 

In Table 7 is shown the effects of phosphorus con- 
tent and heat treatment on the ratio of yield to ulti- 
mate tensile strength. Table 8 shows the data on as- 
annealed and galvanized impact properties. 

The microstructures of the fully annealed samples, 
and of one each of the heat-treated samples, are 
shown in Figs. 11 to 17, inclusive. 

White Iron: The chemical analyses obtained are es- 
sentially constant with respect to elements other than 


TABLE 3—CRITICAL TEMPERATURE RANGE 











Phosphorus Top of Range Bottom of Range 

Iron Content,% °C} } } }£OF- cea F 
A-l 0.020 763 1405 728 1342 
A-2 0.049 768 1415 730 1346 
A-3 0.064 774 1425 727 1340 
A-4 0.134 784 1443 729 1345 





TABLE 4—MECHANICAL PROPERTIES—FULL ANNEAL 





Charpy Impact 


Ultimate ‘Yield Strength 
Phosphorus Tensile Strength a Ve. 
Content Strength 0.2% Elong. notched, notched 
Iron % psi offset,psi % BHN ft-lb _ ft-lb 


49,100 31,700 15.0 
45,600 31,900 13.5 119 52 12.1 
A-2 0.049 50,500 $3200 —— 
47,700 34,000 14.0 125 60 12.5 
\-3 0.064 50,600 34,200 14.5 
47,900 34,800 13.0 126 43 11.6 
A-4 0.134 50,200 38,000 11.5 
50,200 37,600 12.5 133 48 11.75 
—_ — 149 — — 


A-l 0.020 


A-5 0.041 
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phosphorus, and the test results obtained should, 
therefore, be the result of variations in phosphorus 
content. 

The effect of phosphorus content on the white iron 
microstructures, shown in Figs. | to 4, inclusive, is 
to coarsen the primary carbide structure and to con- 
solidate the eutectic-appearing ledeburite. In com- 
paring irons Al and A2 (0.020 and 0.049 per cent 
phosphorus, respectively), a small decrease in grain 
size is evident, but this is probably due to the effect 
of the ladle addition per se, rather than that of in- 
creased phosphorus content alone. 

Graphitization Rates: In Table 2 and Fig. 5 it is 
evident that the presence of phosphorus acts as a car- 
bide stabilizer and increases the annealing time neces- 
sary. Approximately, each doubling of the phosphor- 
us content increases the first stage annealing time 
necessary by about one half, and the second stage 
annealing time by about one third. It will be noted 
that the time for second-stage annealing of sampl« 
A-l is not included in the line drawn for second- 
stage annealing in Fig. 5, and was omitted because 
A-1 was the only sample without ladle addition and 
had a low nodule count compared with sample A-2. 

It is possible that a small ladle addition of 0.01 per 
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Fig. 7—Effect of phosphorus content on mechanical prop- 
erties of fully annealed malleable iron. 
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Fig. 8—Effect of phosphorus content on mechanical prop- 
erties of oil-quenched and drawn malleable iron. : 
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cent phosphorus as crushed ferro-phosphorus would 
be beneficial commercially in decreasing second stage 
annealing time, but with the disadvantage that the 
phosphorus content would slowly increase through 
ihe remelt until the initial advantage was lost. There 
is also the slight mottling tendency of any ladle ad- 
dition to be considered. 





The low nodule count at higher phosphorus lev- 
els would appear to be due to phosphorus content, 
and is probably related to as-cast grain size. 

Critical Temperature Range: The top of the critical 
temperature range increases rapidly with phosphorus 


TasBLe 5—MECHANICAL PROPERTIES—OIL-QUENCHED 


AND DRAWN 








Charpy Impact 





Ultimate _Yield Strength 
Phosphorus Tensile Strength ~Un- v- 
Content Strength 0.2% Elong. notched, notched 
Iron % psi offset,psi % BHN ft-lb ft-lb 
A-1 0.020 81,600 56,000 5.5 
79,200 54,100 4.0 187 32 9.3 
A-2 0.049 71,400 51,200 3.5 
72,300 54,100 4.0 193 31 7.5 
A-3 0.064 70.700 52,200 3.5 
77,500 61,100 2.5 195 35 12 
A4 0.134 81,600 67,500 3.5 
83,700 64,600 3.0 213 27 5.9 
TABLE 6—MECHANICAL PROPERTIES—AIR-COOLED 


AND DRAWN 











Charpy Impact 


Ultimate _Yield Strength 
Phosphorus Tensile Strength Un- vV- 
Content Strength 0.2%  Elong. notched, notched 
lron % psi offset, psi % BHN {ft-lb _ ft-lb* 
A-l 0.020 70,400 41 600 5.5 
65,100 40,000 4.5 69 25 — 
A-2 0.049 79,200 48,700 3.5 187 26 a 
A-3 0.064 69,600 43,400 4.0 
71,500 44,800 5.0 179 28 — 
A-4 = 0.134 79,400 49,900 $5 
80,800 52,200 4.0 197 22 — 


* This set of bars was damaged in machining. 











TABLE 7—YIELD: ULTIMATE STRENGTH RATIO 
Phosphorus Fully Oil-Quenched Normalized 
Iron Content, % Annealed and Drawn and Drawn 
A-l 0.020 0.672. 068 0602 
A-2 0.049 0.682 0.734 0.615 
A-3 0.064 0.700 0.764 0.625 
A-4 0.134 0.754 0.800 0.637 
TABLE 8—IMPACT STRENGTH, AS ANNEALED AND 


GALVANIZED 


Air-Cooled from 649 C (1200 F) 





Charpy Impact 


Charpy Impact 


Strength, Strength, 
Unnotched, ft-lb V-notched, ft-Ib 
Phosphorus As _ 

Iron Content, % Annealed Galvanized Annealed Galvanized 
A-l 0.020 52 50 12.1 120 
A-2 0.049 60 54 12.5 12.3 
A-3 0.064 43 9 11.6 12.3 
A-4 0.134 48 5] 11.75 12.6 
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Fig. 9—Effect of phosphorus content on mechanical prop- 
erties of normalized and drawn malleable iron. 
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Fig. 10—Effect of phosphorus content on impact strength 
of annealed and of heat-treated malleable iron. 


content, each increase of 0:01 per cent phosphorus 
content increasing the top of the range by 2 C (3 F) 
for these irons. There is, however, apparently little 
effect on the location of the bottom of the range. 
The practical significance of this is that with higher 
phosphorus content malleable irons, slow cooling for 
second-stage annealing must start from a higher tem- 
perature, and the total cooling time is therefore 
longer. 

Mechanical Properties: The data presented i in Table 
4 and Fig. 7 show that with increasing phosphorus 
content the strength and hardness increase and 
elongation decreases in direct proportion, at least up 
to about 0.15 per cent phosphorus content. This in- 
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Fig. 11 — Annealed 

iron, 0.020 per cent 

phosphorus. X100. 

Etched, 6 per cent 
nital. 


Fig. 12 —- Annealed 

iron 0.049 per cent 

phosphorus. X100. 

Etched, 6 per cent 
nital. 


Fig. 13 — Annealed 
iron, 0.064 per cent 


phosphorus. X100. 
Etched, 6 per cent 
nital. 


Fig. 14 — Annealed 

iron, 0.134 per cent 

phosphorus. X100. 

Etched, 6 per cent 
nital. 


Fig. 15 — Annealed 

iron, 0.410 per cent 

phosphorus. X100. 

Etched, 6 per cent 
nital. 
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crease in strength and hardness is equal to, or a 
little greater than, that contributed by the same 
amount of silicon. The ratio of yield to ultimate 
strength increases with phosphorus content. The im- 
pact strength of malleable iron, either unnotched on 
notched, is apparently little affected by phosphorus 
content up to about 0.15 per cent, as can be seen in 
Fig. 10. 

The data on mechanical properties of oil-quenched 
and drawn malleable iron, given in Table 5 and 
Figs. 8 and 10, are less regular than those for an- 
nealed iron, but it is clear again that phosphorus 
increases strength and hardness, and decreases elonga- 
tion. It should be noted that the ratio of yield to 
ultimate strength is highest for the quenched and 
drawn state. There is little effect of phosphorus con- 
tent on unnotched impact strength, but the notched 
impact strength is decreased by phosphorus. 

In the normalized and drawn (pearlitic malleable) 
state, the effects of phosphorus content are similar to 
those in the quenched and drawn state, except that 
the strength values are at a lower level for similar 
hardness. It is apparent that the best combination 
of mechanical properties in malleable iron is obtained 
in the quenched and drawn state, which is also true 
of nodular iron. 

As will be seen in Table 8, phosphorus contents 
up to about 0.15 per cent have negligible effect on 
the brittleness, or impact strength, of annealed mal- 
leable iron that has been air cooled from about 649 
C (1200 F) before galvanizing, indicating that this 
treatment is effective as a prevention of galvanizing 
embrittlement. 

Microstructures: Phosphorus has a marked effect on 
the shape of temper carbon nodules obtained on an- 
nealing, as is evident in Figs. 11 to 15, inclusive, the 
nodules becoming progressively less well-formed as 
phosphorus content increases, until at 0.41 per cent 
the nodules are more nearly coarse flakes. The mech- 
anical properties, especially ductility and impact 
strength, of the A-5 iron containing 0.41 per cent 
phosphorus are likely to be very poor. No evidence 
of phosphorus concentrations or of decomposed phos- 
phide eutectic, even at 0.41 per cent phosphorus, was 
detected in the fully annealed irons. 

The microstructures of the normalized and drawn, 
and quenched and drawn, samples in Figs. 16 and 17, 
respectively, are typical and what one would expect 
from the treatment. 


Summary 


Phosphorus is an unavoidable constituent in mal- 
leable irons, but the amount is under some control 
especially where the iron is duplex melted with con- 
siderable amounts of steel scrap in the charge. There 
are some who advocate adding phosphorus in such 
latter case, and so a summary of advantages and dis- 
advantages of low phosphorus content (0.08 per cent) 
vs. higher phosphorus content (0.16 per cent) may 
be of interest. 

First, however, the question of molten metal fluid- 
ity should be discussed since this is one effect of 
phosphorus supposedly well known. The effect of 
phosphorus in promoting fluidity is, however, gen- 
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Fig. 16—Normalized and drawn malleable iron, 0.064 per 
cent phosphorus. X100. Etched, 2 per cent nital. 


erally over-estimated, and Evans‘ has shown recently 
that phosphorus is about one half as effective in pro- 
moting fluidity as is an equal amount of carbon. 

In comparing phosphorus contents of 0.08 and 0.16 
per cent, the change in fluidity corresponds to that 
caused by a change of 0.04 to 0.08 per cent carbon, 
and this means closer control of carbon content than 
most foundries are fortunate enough to achieve. It 
is believed, therefore, that the effect of the men- 
tioned changes in phosphorus content on fluidity 
are negligible and can be ignored. 

The chief advantage of lower phosphorus content 
is in decreased annealing time and better impact 
properties on heat-treated malleable iron, and _ pos- 
sibly less susceptibility to galvanizing embrittlement 
in annealed irons not suitably treated. Higher phos- 
phorus content will improve strength, at some loss 
in ductility, but silicon is nearly as effective in this 
direction and improves annealability. Therefore, in 
general there would seem to be little justification in 
adjusting phosphorus content unless a specific end 
was in view, with corresponding disadvantages 
recognized. 

Conclusions 


From the data presented above, the following con- 
clusions may be drawn: 

1. Phosphorus acts as a carbide stabilizer in mal- 
leable iron. 

2. As phosphorus content increases, the temper 
carbon nodule shape becomes less regular, approach- 
ing flake form at 0.40 per cent phosphorus. 

3. Phosphorus increases the top of the critical tem- 
perature range on cooling, with little effect on the 
location of the bottom of the range. 

4. As phosphorus content increases, the strength 
and hardness of the malleable iron increase, both in 
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Fig. 17—Oil-quenched and drawn malleable iron, 0.064 
per cent phosphorus. X100. Etched, 2 per cent nital. 


the fully annealed and in the heat-treated states. The 
elongation decreases and the ratio of yield to ulti- 
mate strength increases with increasing phosphorus 
content. 

5. The unnotched and notched impact strength of 
malleable iron is little affected by phosphorus con- 
tent up to about 0.15 per cent phosphorus. The 
notched impact strength of heat-treated malleable 
iron is, however, adversely affected by phosphorus. 

6. An air-cool after annealing, from about 649 C 
(1200 F), is effective in preventing galvanizing em- 
brittlement up to 0.15 per cent phosphorus. 

7. The best combination of mechanical properties, 
in the higher strength field, is obtained with quenched 
and drawn structures. 

Bibliography 

1. Schwartz, American Malleable Iron, Penton Publishing Co.., 
Cleveland, 1922. 

2. Bean, Transactions, American Institute of Mining and 
Metallurgical Engineers, vol. 59 (1923), p. 895. 

5. Kikuta, Science Reports, Tohoku Imperial University, 
Sendai, Japan, vol. 15, no. 2 (1926), p. 115. 

4. Fielden, Iron and Steel, vol. 16 (1942), p. 214. 

5. Dastur and Cohen, TRANsAcTiIONs, American Foundrymen’s 
Society, vol. 50 (1942), p. 895. 

6. Swartz, TRANSACTIONS, American Foundrymen’s Society, vol. 
54 (1946), p. 101. 

7. Evans, Journal of Research and Development, British Cast 
Iron Research Association, vol. 4, no. 2 (Oct. 1951), p. 87. 

8. Rehder, TRANsAcTIoNs, American Foundrymen’s Society, vol. 
59 (1951), p. 501. 

9. Piggott, Iron and Steel, vol. 20, p. 309. 

10. Motok, Iron Age, vol. 146, (1940), no. 18, p. 27. 

11. Rehder, Transactions, American Founarymen’s Society, 
vol. 55 (1948), p. 138. 

12. Rehder, Transactions, American Foundrymen’s Society, 
vol. 57 (1949), p. 173. 

13. Flinn, TRANSACTIONS, American Foundrymen’s Society, vol. 
58 (1950), p. 153. 








634 


DISCUSSION 


Chairman: W. M. ALBRECHT, Chain Belt Co., Milwaukee. 

Co-Chairman: P. F. Utmer, Link-Belt Co., Indianapolis. 

Recorder: L. G. Ossorne, Lakeside Malleable Castings Co., 
Racine, Wis. 

W. D. MCMILLAN (Written Discussion):* In reviewing this 
paper, the first reaction is that too little attention has been paid 
to the phosphorus content of malleable iron. Perhaps this is be- 
cause there was little variation in the phcsphorus content with 
the conventional cold melt batch operation using the “malleable 
grade” of pig with a fairly uniform phosphorus content of 0.13 
to 0.18 per cent. There was little that could be done about low- 
ering the phosphorus and complications developed with phos- 
phorus over 0.20 per cent. 

It has become generally accepted that when the phosphorus is 
low, a condition that has come as the result of a high steel 
charge in duplexing, a little more phosphorus is needed to bring 
the yield strength safely above the minimum required to meet 
ASTM Specifications. I believe that this is true, particularly 
with a long anneal. Also that with a short anneal and air cool- 
ing from 1300 F there is less or no need for phosphorus above 
0.10 in order to obtain satisfactory yield strength. It is true also 
that with the higher silicon duplex iron (1.20 to 1.40 per cent Si) 
yield strength requirements can be met with a phosphorus con- 
tent of 0.08 per cent. 

It has been assumed by some that since air furnace iron runs 
0.13 to 0.15 per cent phosphorus, that it is necessary to bring up 
the duplexed iron normally running 0.08 to 0.10 per cent phos- 
phorus to about the same percentage in order to get the iron to 
run properly. 

I am pleased to see Mr. Rehder’s comparative evaluation of 
phosphorus and carbon with respect to fluidity in the percent- 
ages which usually obtain in malleable iron and to see his 
recorded observations that the effect of a few points of phos- 
phorus are negligible and can be ignored. 

Mr. Rehder’s observations with regard to the morphology of 
the temper carbon nodules are interesting. Certainly there is a 
distinct difference in the character of the nodule with increased 
phosphorus content. Iron 4a with a phosphorus of 0.134 per cent 
is fairly representative of most cold melt air furnace metal with 
respect to phosphorus content. It is also quite typical with 
respect to graphite nodule shape. 

Our experience has been that with a phosphorus of 0.10 or 
less we may expect more compact nodules than with a phos- 
phorus of 0.14 per cent, other factors being the same. 

This paper shows that with a phosphorus of 0.02 the first ‘stage 
time required is less than half that required with a 0.134 phos- 
phorus. Since it is hardly possible commercially to obtain a 
phosphorus Jess than 0.05 per cent, it is necessary to set the 
annealing cycle on the basis of the highest phosphorus normally 
encountered. The annealing practice is not actually penalized 
by a 0.134 phosphorus. It is just a condition with which we 
are obliged to contend. No annealing cycle is successful when 
set up for the most favorable conditions. Provisions must be 
made for conditions of the poorest anealability. 


BLAcK-HEART MALLEABLE IRON 


Mr. Rehder has a good thought provoking paper and I hope 
he continues his interest in malleable iron and that he will 
continue to bring the fruits of his studies to A.F.S. literature. 

RICHARD SCHNEIDEWIND (Written Discussion):* Mr. Rehder has 
again presented a carefully worked out presentation on the influ- 
ence of another factor in malleable iron. The paper is so com- 
plete that there can be few comments on it. 

The question is raised with regard to the nodule counts in 
Table 2, whether a satisfactory method of determination has 
been worked out. All of us simply count the temper carbon 
spots and count them as nodules. The table indicates the count 
as 53, 85, 54, 13, and no count respectively with increasing phos- 
phorus. Photomicrographs | to 3 show decreasing grain size 
which in the absence of alloying effect would lead to the expecta- 
tion of increasing nodule count. 

Photomicrographs 11 to 15 might bear out this view if the 
temper carbon spots are examined closely. Figure 15 especially 
appears to have many nodules which have grown together in a 
chain-like fashion. 

Mr. REHDER (Reply to Messrs. McMillan and Schneidewind): 
The comments of Mr. McMillan and Dr. Schneidewind are much 
appreciated, and as usual both contribute tangibly to the value 
of the paper. 

Mr. McMillan makes the point that phosphorus contributes to 
yield strength, which is mentioned in the paper, and it is true 
that phosphorus can be useful in this direction. However, it is 
accompanied by an appreciable decrease in annealability, where- 
as silicon, which has at least as good an effect on yield strength, 
helps the annealing process. The choice is then between the 
carbide-stabilizing effect of phosphorus and the potential mot- 
tiing tendency of too high silicon content. In view of the facts 
that the effects of retarding elements such as phcsphorus, man- 
ganese, chromium, and other trace elements such as tin are 
apparently additive; and that raw material supplies are becom- 
ing increasingly contaminated, it would seem advisable to pro- 
ceed cautiously in the use of phosphorus and to use silicon as 
an aid to yield strength wherever possible. 

This is, of course, accompanied by some risk, but so is the use 
of phosphorus, and improved annealability is an end which is 
not lightly to be ignored. One of the objects of doing the work 
described in the paper was to obtain the data which would 
enable the relative factors involved to be weighed. 

Dr. Schneidewind’s points on nodule count are well taken, but 
it is probably mutually realized that nodule counts in malleable 
iron, at least with presently known methods of counting, are 
relative only, and different observers will probably obtain differ- 
ent counts on the same sample. 

With respect to grain size, unfortunately grain size determina- 
tions by Dr. Schneidewind’s excellent method described before 
this Society some time ago, were not made. Visual estimation 
over the whole area of each sample did not show large variations 
in grain size. 

1 Plant Metallurgist, International Harvester Co., McCormick Works, 


Chicago. - 4 Pa 
2 Prof. of Me. Engr., University of Michigan, Ann Arbor. 








EFFECT OF HYDROGEN ON GRAPHITIZATION 


By 


F. Brown* and M. F. Hawkes** 


Graphitization of Cementite. In one of the earli- 
est studies on the effect of hydrogen on graphitization, 
Wiist and Sudhoff! in 1910 reported a most spectacu- 
lar observation on the subject: that the process of 
graphitization of cementite was reversed by adding 
hydrogen. To do this they first completely graphi- 
tized white iron castings (of about 2.79 per cent C 
and 0.32 per cent Si) by heating them in vacuum in 
the first stage malleablization range, allowing the re- 


action 

cementite — graphite + austenite (I) 
to take place. They then divided these specimens 
into two groups, heating one group in purified nitro- 
gen and the other in purified hydrogen for various 
times (5 and 10 hr) at temperatures of 1742 to 1832 F 
(950 to 1000 C). 

The specimens heated in hydrogen showed an in- 
crease in combined carbon of 0.12 to 0.90 per cent, 
at the expense of the temper carbon. That this was 
indeed accomplished by the specific effect of hydro- 
gen and not alone by pressure changes is attested by 
the observation that those specimens reheated in ni- 
trogen did not show this reversion. The account of 
the heat treatment is so sketchy that the question 
arises whether the effect may have stemmed from os- 
cillating temperature, a question which unfortunately 
cannot be answered from the published account. 
Their experiment has not been successfully repeated 
to date. 

Sawamura? studying the same reaction observed 
that it was retarded not only by molecular hydrogen, 
but also by ammonia and by methane. Schwartz, et 
al.* observed a similar effect by acetylene which, like 
ammonia and methane, decomposes at malleablizing 
temperatures to yield hydrogen; the extent of the 
effect of hydrogen was found to depend upon its 
concentration in the iron. Apparently if the composi- 
tion and annealing temperature are such that the 
graphitization rate is extremely fast (i.e., if the ce- 


* Research Associate, North Carolina State College, Raleigh, 
North Carolina. 

** Associate Professor, Department of Metallurgical Engineer- 
ing, and Member of the Staff, Metals Research Laboratory, 
Carnegie Institute of Technology, Pittsburgh, Pa. 
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mentite is highly unstable), the addition of an atmos- 
phere of hydrogen does not appreciably retard the 
reaction.* 

Eutectic Graphite. When cast iron solidifies, the 
eutectic portion may freeze either by the stable (II) 
or by the mestastable (III) reactions: 

melt — austenite + graphite (II) 

melt — austenite + cementite. (IIT) 
Reaction (II) produces most of the flake graphite 
seen in gray irons; and according to the work of Eash 
and of others, the cementite which forms by reaction 
(III) may immediately decompose according to reac- 
tion (I), yielding ASTM type D graphite. 

Honda and Murakami® noted that by bubbling 
hydrogen through the melt immediately before cast- 
ing, the stable eutectic reaction was inhibited, per- 
mitting alternatively reaction (III) to form primary 
carbides in the castings. Boyles® in a systematic study 
of the effect of hydrogen on reaction (II) showed 
that the inhibiting effect was proportional to the 
pressure of the hydrogen, just as was true for graphi- 
tization of cementite. 

Cowan’ showed that the stable eutectic reaction 
could be repressed not only by molecular hydrogen, 
but by water vapor as well, and he was able to corre- 
late the depth of chill in a test coupon with the 
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Fig. 1—Growth curves for graphite nodules in malleable 
iron reacted at 905 C in helium, and reacted partially in 
helium which was subsequently replaced by hydrogen. 
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amvunt of moisture in the blast for the cupola in 
which the iron was melted. 

The phenomenon of inverse chill has been con- 
sidered by Zapffe and Phebus* who proposed the ex- 
planation that hydrogen segregated to the center of 
the castings, repressed the stable eutectic reaction (II) 
and permitted instead the formation in the center of 
white iron by reaction (III). Vigorous exception was 
taken to the explanation, but in general the argu- 
ments in the exception do not appear to be entirely 
valid. 

However, one of these arguments involves an ob- 
servation which invites consideration here because a 
basic characteristic of the effects of alloying elements 
is involved. This observation was that when hydro- 
gen was bubbled through molten cast iron before 
pouring, the graphite flakes in the castings became 
coarser. This actually is in keeping with the general 
observations of the effect of alloying additions on 
graphite formation both from the liquid and from 
the solid: that graphitizing elements increase the rate 
of nucleation of graphite faster than they do the rate 
of growth (leading to more and finer graphite par- 
ticles), and that carbide stabilizers correspondingly 
decrease the rate of nucleation faster than they do the 
rate of growth (leading to fewer and coarser graphite 
particles). 

Thus it would be expected that a limited amount of 
hydrogen would produce coarser flakes, just as a lim- 
ited amount of sulphur does. With sufficiently high 
hydrogen contents or with sufficiently low basic graph- 
itizing tendency (for example, with low silicon con- 


Fig. 2—Eutectoid austenite in nodular iron partially trans- 
formed (20 min at 714C). 1000 X. Nital etch. (a) In 
helium: graphite, ferrite, austenite (martensite), some 
pearlite. (b) In hydrogen: graphite, pearlite, austenite 
(martensite), traces of ferrite. 
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tent), graphite is not nucleated at all, and the iron 
solidifies white. It is pertinent to note that hydrogen 
is also found to cause the nodules in malleable iron 
to be larger in size and fewer in number.® 

It might be a fair summary to say that probably 
both solidification rate and hydrogen are involved in 
the formation of inverse chill, and that of these the 
hydrogen content of the metal is the variable more 
readily placed under operational! control. 

Precipitation Along A,,. A further graphite-produc 
ing reaction—the precipitation of graphite along the 
Agr line on cooling—is also apparently inhibited by 
hydrogen, permitting instead the precipitation of 
cementite.’ 

Eutectoid Transformation of Austenite. Houdremont 
and Heller!* in a broad study of hydrogen effects in 
steel and cast iron reported on a study of a gray iron 
of 2.86 per cent C and 2.1 per cent Si. One specimen 
of this iron was annealed at 1832 F (1000 C) for 6 hr, 
in air, and allowed to cool in the furnace. Other 
specimens were somewhat similarly treated (2 and 8 
hr at 1832 F), except in wet and in dry hydrogen. 
The specimen annealed in air had a completely fer- 
ritic matrix. The matrix of those annealed in hydro- 
gen, on the other hand, was either wholly or largely 
pearlitic. Surprisingly enough, the dry hydrogen was 
more effective in promoting the pearlitic matrix than 
was the wet hydrogen. 

These results, though fragmentary, indicated that 
hydrogen inhibits the stable eutectoid transformation 

austenite — graphite + ferrite (IV) 
and permits instead the metastable (pearlite) eutec- 
toid reaction 

austenite — cementite + ferrite. (V) 

The rate of transfer of carbon between graphite 
and matrix can be profoundly influenced by thermal 
history, probably because of altered interface condi- 
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tions, and such effects may have been active in these 
experiments, where holding times at the annealing 
temperature were not always the same, obscuring 
some of the results. 

There are in the literature two further observations 
unrelated either to the above or to each other: first, 
Lorig and Samuels! observed a graphitization accel- 
erating effect from adding hydrogen followed by pre- 
baking (heating at subscritical temperatures prior to 
malleablizing) which removed the hydrogen. Al- 
though it has been reasoned that this accelerating 
effect took place by the formation by hydrogen of 
fissures which provided for easier nucleation of graph- 
ite, evidence now available indicates that this effect 
might better be assigned to an inherent maximum in 
rate of nucleation in the range at which prebaking 
was carried out,*!? and it is debatable that hydrogen 
exerted any appreciable effect in this prebaking phe- 
nomenon, 

Second, European literature on malleabilization 
frequently carries statements to the effect that hydro- 
gen or water vapor increases the rate of malleabiliza- 
tion, a conclusion which may confuse the unwary; it 
will almost invariably develop that the reaction con- 
cerned is actually the decarburization of whiteheart 
malleable, not the simple decomposition of cementite 
to graphite and austenite. 


Experimental Work 


Gamma-Range Graphitization (first-stage malleabli- 
zation). In endeavoring to analyze the mechanism by 
which hydrogen retards first stage malleablization, the 
rate at which individual nodules grow during this 
process was measured with the reaction being carried 
out in helium. Graphitization of another group of 
specimens was started in helium, after which the at- 
mosphere was replaced by hydrogen. The graphitiza- 
tion thereupon stopped abruptly; not only were no 
more nodules nucleated, but those already formed 
ceased to grow (Fig. 1). 

It was observed qualitatively that if the hydrogen 
is diluted with helium, the graphitization rate changes 


Fig. 3—Gray cast iron annealed at 900 C and furnace- 

cooled. 1000 X. Nital-picral etch. (a) In helium: matrix 

entirely ferritic. (b) In hydrogen: matrix half ferrite, half 
pearlite. 


in proportion to the partial pressure of hydrogen. It 
was also noted that when the reaction is carried out 
in an atmosphere containing some hydrogen, the gra- 
phite nodules are more compact and are more near! / 
spherical when more hydrogen is present. It was in- 
cidentally observed that in white iron in which gam- 
ma-range graphitization was inhibited by an atmo- 
sphere of gaseous hydrogen, flushing with helium 
quickly acted to permit apparently normal graphiti- 
zation to occur. 

During studies of first stage malleablization carried 
out in molten lead, erratic graphitization followed 
the addition of protective charcoal to the surface of 
the lead. Subsequent experimentation demonstrated 
that hydrogen can rapidly diffuse through molten lead 
to dissolve in specimens immersed in it. Indications 
were that probably this hydrogen can be furnished by 
reduction from water vapor absorbed on the char- 
coal. Subsequent experimentation requiring molten 
reaction baths was conducted in a molten salt which 
was found to be neutral to the reaction. 

It was not found possible to repeat Wiist and Sud- 
hoff’s observation using commercial blackheart mal- 
leable iron in one atmosphere of hydrogen. 

Stable Eutectoid Reaction. For the study of this re- 
action (which is probably responsible for the matrix 
in most ferritic malleable, gray, and nodular irons), 
a specimen of nodular iron was austenitized in helium 
to give a eutectoid matrix. The specimen was then 
transferred to a helium filled reaction chamber at 
1318 F (714 C) for 20 min, after which it was 
quenched. Another specimen of the same iron was 
treated identically except that it was austenitized and 
reacted in dry hydrogen. Figure 2 shows how the 
hydrogen has profoundly retarded the stable reaction 
(reaction IV), and permitted instead the metastable 
eutectoid reaction (reaction V) to form pearlite. 











Fig. 4—Pearlitic matrix nodular iron annealed at 720 C 
tor 40 min. 300 X. Nital-picral etch. (a) In helium: note 
graphitization of pearlite around spherulites. (b) In 
hydrogen. 


As a corollary of this it was observed that if a gray 
cast iron was furnace cooled from 1652 F (900 C) in 
helium, the matrix was entirely ferritic; but when it 
was given the same treatment in hydrogen, the matrix 
was about half pearlitic and half ferritic (Fig. 3). 
The same effect was observed in nodular iron similar- 
ly treated. 

Subcritical Graphitization of Cementite. If cement- 
ite is held at subcritical temperatures, it may decom- 
pose by the alpha range graphitization reaction 

cementite — graphite + ferrite. (VI) 
This reaction frequently is the one used to study 
“second-stage malleablization,” although evidence for 
the soundness of such an attack is yet to be published. 

To study the effect of hydrogen on this reacticn, 
specimens of the nodular iron were heat treated to 
produce a pearlitic matrix. Two specimens were re- 
heated to 1328 F (720 C) for 40 min—one in helium 
and the other in hydrogen. The specimen treated in 
helium showed extensive graphitization of pearlite; 
the specimen treated in hydrogen showed a consider- 
able tendency to spheroidize, but it did not graphi- 
tize perceptibly (Fig. 4). 

Discussion 

Hydrogen is thus observed to inhibit the formation 
of graphite (1) during solidification of the eutectic; 
(2) by gamma-range graphitization of cementite; (3) 
by rejection on cooling along the A,, line; (4) by the 
decomposition of austenite by the stable eutectoid re- 
action, and (5) by the alpha-range graphitization of 
cementite. No accounts of studies of the effect on 
the other two graphitization reactions were found in 
the literature—the reaction to produce kish graphite 
and the almost trivial possibility of graphite precipi- 
tating along the ferrite-solvus line on cooling. 

Although these first five reactions are always in- 
hibited by hydrogen, they are not necessarily com- 
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pletely stopped by it. If sufficient instability exists 
because of temperature or composition, the effect of 
hydrogen may not be decisive in completely stopping 
the reaction. 

Hydrogen for all these effects can be provided by 
many and perhaps all of the gases which contain the 
element—i.e., water vapor, ammonia, methane, acety- 
lene, alcohol vapor, benzene and butane—and the ef- 
fect is proportional to the concentration of hydrogen 
in the iron (as inferred for graphite formation from 
the liquid in the study of Cowan’ and for graphite 
formation in the solid in the study reported here). 
The effects appear to be at least largely removable 
from molten or solid metal by flushing with non- 
hydrogen-bearing gas. 

Whatever may be the mechanism by which hydro- 
gen exerts this carbide stabilizing effect, it does not 
similarly retard the diffusion of carbon; for it was ob- 
served in this study that in numerous white iron spe- 
cimens being held at first stage malleablizing tempera- 
tures, graphitization could be entirely prevented by 
one atmosphere of hydrogen, but the carbon from 
carbides had diffused to the surface of the metal to 
effect a decarburization even more severe than when 
hydrogen was not present. It would be highly desir- 
able, in formulating the mechanism of the carbide 
stablizing effect of hydrogen, to know its distribution 
in the various phases present, particularly in the car- 
bides and in the graphite. 

One might speculate on the possible application of 
the retarding effect of this element which can be 
added and removed so readily. If one should wish to 
spheroidize the carbides in a gray iron, or in a gray 
iron having a chill zone, for example, the possibility 
is suggested of carrying this out in a hydrogen-bearing 
atmosphere such as wet methane, which would inhibit 
graphitization but permit spheroidization without de- 
carburization. 

The primary graphite which sometimes forms in 
the center of large malleable castings, because of too 
much graphitizing tendency for the cooling rate af- 
forded, might possibly be eliminated by introducing 
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hydrogen in the molten metal before pouring; after 
the hydrogen had served its function to stabilize car- 
bides during solidification, it could be removed from 
the solid metal by heating in a nonhydrogen-bearing 
atmosphere before or during malleablization. 
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DISCUSSION 


Chairman: F. T. McGuire, Deere & Co., Moline, III. 

Co-Chairman: W. A. HamBtey, Chas. A. Krause Milling Co., 
Birmingham, Mich. 

Recorder: C. T. MAREK, Purdue University, Lafayette, Ind. 

A. L. De Sy (Written Discussion):* In a recent paper* deal- 
ing with the theory of graphite spherulite formation in nodular 
iron, we have considered the possible effect of gases; all known 
elements enhancing graphite spherulite formation have a relative 
low boiling temperature and are or may be present as minute 
gas bubbles in the melt. 

Of course gas bubbles will preferentially be adsorbed on the 
surface of solid particles in suspension in the liquid iron. If 
such a particle is a graphite nucleus, this nucleus will be isolated 
or vitiated by the gaseous component or its condensation product, 
thus forcing supercooling. 

For considerations relative to the spherulitic graphite forma- 
tion theory we refer to the paper already mentioned,* but in 
relation to the effect of hydrogen we suggest that one should 
think about graphite nuclei isolation by an adsorbed hydrogen 
layer. 

J. E. ReHper (Written Discussion):* This paper is a needed 
attempt to investigate more fully the fact that the presence of 
hydrogen in an annealing atmosphere decreases the rate of 
graphitization or annealing, but is disappointing in that it does 
not proceed far past the well-known fact that hydrogen does 
decrease graphitization rate. 

There are one or two points mentioned in the paper on which 
the present writer is not clear. In Fig. 2 is shown a nodular iron 
which had been quenched from 20 min at 714 C (1318 F) after 
cooling from a higher temperature, and in which martensite 


*A. De Sy and J. Vidts: ‘“Précisions et données complémentaires sur le 
mécanisme de formation des sphérolites de graphite,” Fonderie Belge, March, 
1952. 
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(previously austenite) is visible. Then in Fig. 4 is a nodular 
iron which had been held 40 min at 720 C (1328 F) and which 
shows no martensite nor is martensite mentioned in the text. 
Since the latter samples were held at 6 C (10 F) higher tempera- 
ture, one would then expect to find martensite if the samples 
were similar. The only explanation that occurs is that the first 
samples were cooled rapidly to the holding temperature and 
thus undercooled, while the latter samples were not quenched 
from the holding temperature so that the presence of austenite 
would not have been noticed. Also the two samples may have 
been of different compcsition. Data on the cooling rate, quench- 
ing procedure, and chemical compositions of the irons involved 
would be appreciated. 

The statement is made in the Discussion that in white iron 
annealed in hydrogen atmosphere “The carbon from the car- 
bides had diffused to the surface of the metal to effect a de- 
carburization even more severe than when hydrogen was not 
present.” Could the authors please clarify this statement. 

E. A. Loria (Written Discussion):* This is an excellent presen- 
tation of a metallographic study of the effects of hydrogen on 
graphitization. It is unfortunate that actual hydrogen analyses 
were not made in order to show the magnitude of the amounts 
necessary to inhibit the formation of graphite. Ordinarily, the 
amount of hydrogen dissolved in cast iron weuld be very low. 
In the parallel case of oxygen, there is meager proof in the lit- 
erature that it is also a carbide stabilizer. When a vacuum 
fusion analysis is made on steel, oxygen is thought to come from 
oxygen dissolved in the iron, and oxygen resulting from the 
reduction of silicates and oxides. Cast irons, however, appear to 
be remarkably free of oxides and silicates, and inclusions of 
oxygen-bearing compounds are seldom, if ever, detected by the 
microscope. Thus it appears that the oxygen found in cast iron 
is mainly dissolved therein. If this is the case, the oxygen con- 
tent of cast iron would be expected to be very low because of 
the appreciable amounts of carbon, silicon and manganese con- 
tent. 

A comprehensive study of the determinaticn of oxygen, hydro- 
gen and nitrogen by the vacuum-fusion method in gray irons 
melted in a 10-in. diam cupola under different operating condi- 
tions was recently completed. Several heats were made under 
normal cupola operating conditions and under unusual condi- 
tions intended to produce a high degree of oxidation in the 
cupola. The many hydrogen analyses reveal that, where the 
cupola operating variables produced a relatively high oxygen 
value, the hydrogen usually increased proportionately. Thus, 
for example, the values for normal cupola practice were in the 
0.0016-0.0022 per cent oxygen and 0.00019-0.00022 per cent 
hydrogen range.** With relatively high oxqgen values of 0.0036- 
0.0068 per cent, the corresponding hydrogen values arose to 
0.00031-0.00057 per cent. Machining tests on a constant pressure 
lathe on arbitration bars cast from the same metal as the gas 
determination pins produced poorer machinability ratings in 
the latter irons which would indicate carbide stabilization of 
the microstructure with an increase in the amounts of these 
dissolved gases. The nitrogen contents of all the irons were 
rather constant and since titanium nitride inclusions (as well as 
manganese sulphide) were cbserved in the microstructures, one 
would conclude that nitrogen had been made insoluble and was 
consequently an inactive factor. 

The writer would like to know the section size of the gray 
irons annealed at 900 C and shown as Fig. 3, and the way these 
irons were melted. The major commercial implication, insofar 
as gray iron is concerned, is the effect of dissolved gases on 
microstructure during casting (or initial ccoling to room tem- 
perature). Morrogh states that experiments have been made on 
melting iron and carbon in very high vacuum and then iron- 
free carbon was obtained but when traces of oxygen were pres- 
ent, white iron was obtained. Actually, there is no need to 
eliminate oxygen (and hydrogen) from the melt to make it 
solidify so that all one had was iron and carbon. All one has 
to do is to cool it sufficiently slow because even if all the gases 


*H. W. Lownie, M. W. Mallett and E. A. Loria, ‘Determination of 
Oxygen in Iron in the Presence of Silicon and Carbon by the Vacuum Fusion 
method—Results on Cast Irons Melted in Small Cupola under Different Oper- 
ating Conditions.’’ To be published. 

** Precision of vacuum-iusion analyses: 0.0004% O,, or + 10% of re- 
ported value, whichever is greater. 0.00005%-H,, or + 10% of reported 
value, whichever is greater. 

3 Senior Engr., Metallurgy, The Carborundum Co., Niagara Falls, N. Y. 
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from the melt were removed and then it were cooled sufficiently 
rapid, one would still get iron carbide (chill) structure. Then 
cooling rate (or section sensitivity) of the iron hinders graphite 
crystallization regardless of how well degasified the molten iron 
might be. However, there are limitations to slow cooling, par- 
ticularly if the dissolved gases are high, as can be seen by the 
fact that the authors’ irons were furnace cooled from the anneal- 
ing temperature which would, of course, be a slow rate of 
cooling. Was hydregen still introduced into the furnace during 
the cooling period? 

For the record it might be well to include how the three 
types of iron studied by the authors were melted in order to 
determine what effect, if any, the melting medium would have 
on the initial microstructure and the consequent tendency for 
nucleation during subsequent graphitization by heat treatment 
in neutral and hydrogen atmospheres. Also what were the initial 
matrix structures in each case? In regard to melting, it can be 
mentioned that electric furnace and crucible-melted iron have 
a greater tendency for undercooled structures whereas cupola 
irons will show a coarser graphite structure owing to an inocu- 
lating effect obtained by the metal being in contact with an 
excess of graphitizing material (for example, good coke). 

Mr. Brown (Author’s Reply): Professor De Sy suggests the 
possibility that the mechanism of the effect of hydrogen on 
graphitization might be one of blanketing the graphite with a 
layer of adsorbed hydrogen which might inhibit transfer of 
carbon from matrix to graphite. Though this is a rather attrac- 
tive speculation in some ways, it appears to be ruled out by the 
observation than a ferritic malleable iron, when its temperature 
is raised into the austenite range and is then cycled repeatedly 
over a range of 25 C for several hours, will experience a rever- 
sion of graphite to carbide if the atmosphere is hydrogen but 
not if it is helium. This indicates that the hydrogen does not 
impede the transfer of carbon from carbide to matrix as would 
be expected if the inhibiting effect were one of a gaseous barrier. 

Mr. Rehder’s perplexity over the fact that the specimen of 
Fig. 2 shows some austenite (now martensite) while that of 


Fig. 4A does not can be resolved by emphasizing the following: 
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that the specimen of Fig. 2 is one which was austenized (con- 
verted to graphite plus austenite of eutectoid composition), 
cooled rapidly to 714 C, and allowed to partially transform at 
that temperature before being quenched to room temperature, 
If it had been allowed to transform sufficiently longer it would 
have transformed completely to ferrite, graphite, and pearlite. 
In Fig. 4A, however, a specimen of the same iron was austenized 
as before, then quenched to a lower temperature (595 C) where 
it transformed completely to pearlite. There was no austenite 
remaining. It was then reheated to 720 C (which is too low for 
austenite to re-form) and the pearlite allowed to transform to 
graphite plus ferrite. The nodular iron used in this work con- 
tained about 3.51 C, 2.2 Si, 0.47 Mn, 1.07 Ni, and 0.12 P; the 
nodulizing agent was Mg. 

Decarburization of white cast iron being annealed is a process 
of diffusion of carbon from carbides in the iron through aus- 
tenite (or sometimes through ferrite) to the gas-metal interface. 
Graphitization involves diffusion of carbon from carbide to 
graphite. The diffusion in the decarburizing process is not re- 
tarded—it is actually accelerated—by the presence of hydrogen, 
particularly if the hydrogen is wet; but the diffusion in the 
graphitization process is severely retarded. This rules out an 
effect on the mobility of the carbon atom through the austenite 
lattice. 

In answer to Mr. Loria, the specimens of Fig. 3 were cubes 
of about 1 cm; melting data are unavailable except that the 
specimens of Fig. 1 were melted in an induction furnace. In 
annealing and slowly cooling specimens such as those of Fig. 
3B, hydrogen at one atmosphere pressure was continuously 
passed through the furnace during the entire heat treatment. 
Hydrogen analyses of the metal were not made in any of the 
experiments but the amount of hydrogen introduced was con- 
trolled by controlling the pressure of hydrogen over the speci- 
men (usually at one atmosphere). The initial matrix structures 
of the iron for Fig. 1 was pearlitic and for the others ferritic 
plus pearlitic. In all instances comparisons were made only on 
specimens which were from the same heat and initially of the 
same structure. 








HEAT TREATMENT OF MAGNESIUM ALLOY CASTINGS 


By 


E. M. Gingerich* 


ABSTRACT 


During the past ten years, a number of papers have been 
presented which covered the subject of heat treatment of mag- 
nesium alloy castings. A review of this literature reveals that, 
while the various papers covered the subject of heat treatment, 
practically none of them covered all phases in very much detail. 
Some emphasized certain phases and passed lightly over others. 

The purpose of this paper is to attempt to present a more 
complete picture of the important phases of commercial heat 
treatment of magnesium alloy castings, particularly to those in 
the magnesium industry not too well versed in the subject and 
to those in other industries interested in knowing the similari- 
ties and differences in principle and practice between the heat 
treatment of magnesium and the heat treatment of other metals 
or alloys with which they are familiar. 


Magnesium alloy sand and permanent mold castings 
are heat treated to obtain a greater range of physical 
and mechanical properties or characteristics than can 
be obtained in the as-cast condition. The types of 
heat treatment commonly employed in commercial 
practice are: —T4—solution heat treatment; —T5— 
artificial aging treatment; —T6—solution followed by 
artificial aging treatment; and —T7—solution followed 
by stabilizing treatment. 

The process of heat treatment will affect the mech- 
anical properties—tensile and yield strengths, elonga- 
tion or ductility, hardness and resistance to impact— 
in varying degrees depending upon the type of heat 
treatment employed. In addition to this, certain heat 
treatments are employed to relieve casting or quench- 
ing stresses and to obtain dimensional stability by 
reducing the tendency to grow during service at ele- 
vated temperatures. 

The solution heat treatment designated as T4 con- 
sists of heating the castings in the range of 650-1050 
F followed by a suitable quench. Solution heat treat- 
ment will improve tensile strength, elongation or duc- 
tility, and resistance to impact. Solution heat treat- 
ment will slightly reduce yield strength and hardness. 

Solution followed by an artificial aging treatment, 
designated as —T6, consists of a —T4 solution treat- 
ment followed by heating in the range of 300-500 F 
for specified periods of time. This treatment will 





* Staff Metallurgist, Central Metallurgical Div., Aluminum 
Company of America, Cleveland, Ohio. 
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produce an increase in yield strength and hardness. 
It will have little effect on tensile strength but will 
reduce ductility and resistance to impact. With selec- 
tion of suitable aging temperature, this treatment 
will also effect partial stress relief and decrease the 
tendency toward growth in service for certain alloys. 

The development of desired mechanical properties 
should not be the only consideration in establishing 
the time and temperature for the artificial aging 
treatment. Other aims should be: 

1. Relief of quenching stresses to prevent warpage 
of the castings during machining. 

2. Removal of an appreciable portion of the poten- 
tial growth in castings subject to elevated tempera- 
tures in service. 

3. Selection of time and temperature suitable for 
more than one alloy to expedite aging and thereby 
reduce costs. 

Artificial aging alone or solution followed by a 
stabilizing treatment, designated as —T5 and —T7, 
consists of heating castings in the as-cast and —T4 
condition, respectively, in the range of 425-550 F. 
The —T5 treatment has very little effect on the orig- 
inal mechanical properties in the as-cast condition, but 
the —T7 treatment generally produces tensile proper- 
ties in the range of the —T6 temper. The main pur- 
pose of these treatments is to obtain stress relief and 
freedom from growth in service at elevated tem- 
peratures. 


Principles of Heat Treatment 


The principles of the heat treatment of cast mag- 
nesium alloys are generally similar to those of other 
non-ferrous alloys in that they involve the solution 
and subsequent precipitation of one or more harden- 
ing constituents. 

The structure of commercial magnesium alloys in 
cast form is well known from the work of various in- 
vestigators. According to an excellent paper by J. B. 
Hess and P. F. George,! the structure of commercial 
magnesium alloy castings consists of a solid solution 
matrix surrounded by an intergranular material 
which acts like a eutectic but crystallizes as a com- 
pound. 

Depending upon the composition of the alloy, the 
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Fig. 1—AZ92 alloy, 
as-cast condition. 
Glycol etch. 100X. 


Fig. 2—AZ92 alloy, 
—T4 condition. 
Glycol etch. 100X. 





solid solution will contain aluminum or aluminum 
and zinc (as the solute elements), and the intergranu- 
lar material will be Mg;Al, or the @ constituent of 
Mg, Al and Zn. More recent work has defined the 
two constituents as Mg,;Al,. and Mg;Al,Zng, respec- 
tively. 

During a high temperature or solution heat treat- 
ment the cored solid solution becomes more homo- 
geneous and the grain boundary constituent is taken 
into solution. By prolonged heating it is possible to 
convert all the commercial casting alloys to homo- 
geneous solid solutions with the exception of the 
manganese constituent and impurities such as Mg»Si 
which are insoluble. 

However, no attempt is made in commercial prac- 
tice to attain complete solution because the result- 
ing small improvement in mechanical properties does 
not justify the increased cost of doing so. The effect 
of incomplete solution of constituent is not too dras- 
tic on the mechanical properties in the —T4 condi- 
tion. It is estimated that only 85 per cent of the 
constituent in solution will produce nearly maximum 
properties. 

As in the case of other non-ferrous alloys, factors 
such as grain size, section thicknesses and character of 
charge will affect solution treatment procedures, par- 
ticularly with respect to time required to attain satis- 
factory solution. Coarse grained material will respond 
less rapidly to the solution of constituent. The con- 
stituent occurs in larger particles which require more 
time for solution. The distance over which diffusion 
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must take place to attain complete homogeneity «f 
the solid solution phase is greater in larger graiis 
than in small grains. 

The high temperature solution treatment is fo! 
lowed immediately by a quench to maintain the solic 
solution structure. Unlike aluminum alloys, the rat 
of precipitation of the solute elements is relativel; 
slow and, for this reason, the quench need not b 
drastic. It is, therefore, sufficient in commercial prac- 
tice to quench in still air or in a stream or streams 
of moving air, as generated by industrial fans. 

Fan quenching is necessary to retain —T4 proper- 
ties, but not if castings are to be subsequently con- 
verted to the —T6 or —T7 condition. Quenching in 
water is said to improve tensile and yield strength of 
casting alloys on subsequent aging. This practice, 
however, carries with it the possibility of cracking 
and distortion and the introduction of internal 
stresses. 

The completeness of solution heat treatment is 
determined by the amount of constituent remaining 
out of solution. This may be done by comparing a 
suitably polished and etched specimen with a stand- 
ard rating chart.2, This chart rates the amount of 
constituent out of solution from 0 with none to 10 
representing the as-cast structure. The intermediate 
structures have more constituent out of solution as 
the numbers increase. 

Figure 1 shows a typical as-cast structure of AZ92 
alloy. Massive compound surrounded by lamellar 
constituent occurring by precipitation from solid sol- 
ution during cooling is observed at the grain bound- 
aries. In Fig. 2, illustrating a —T4 structure, all the 
lamellar constituent has been dissolved and most of 
the massive compound has been taken into solution. 


Structure Changes 


Aging in the range of 300-450 F after a regular 
solution or —T4 treatment effects a partical decompo- 
sition of the solid solution, precipitating, in very 
finely divided particles, that amount of magnesium- 
aluminum or magnesium-aluminum-zinc constituent 
not soluble at the aging temperature. It is this 
change in structure which increases yield strength and 
hardness. 

Discussing briefly the physical changes which take 
place during the artificial aging treatment, the pre- 
cipitation which takes place is classed as grain bound- 
ary, lamellar or pearlitic, and general or Widman- 
statten type.* Of minor importance, grain boundary 
precipitation occurs quite early in the aging cycle 
and has the effect of more clearly outlining or reveal- 
ing grain boundaries. 

The lamellar or, pearlitic type also starts early in 
the aging cycle. This type of precipitation apparent- 
ly originates in nuclei in the grain boundaries and 
grows inward in patch-like formations resembling 
the pearlitic structure in steel. More than one patch 
or area may be found in a single grain. The area 
covered by this type of precipitate will vary and ap- 
pears to depend upon the rate of cooling induced by 
the quench after solution heat treatment. 

The general type of precipitation occurs later in 
the aging cycle than the other two types. It originates 
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Fig. 3 (left)—AZ92 

alloy, —T6 condi- 

tion. Glycol etch. 
100X. 


Fig. 4 (below )—AZ 
92 alloy, —T6 con- 
dition, showing gen- 
eral precipitation. 
Glycol etch. 500X. 


Fig. 5 (lett)—-AZ63 

alloy, —T6 condi- 

tion. Glycol etch. 
100X. 


Fig. 6 (below )—AZ 
63 alloy, —T6 con- 
dition, showing lam- 
ellar and general 
precipitation. Glycol 
etch. 500X. 
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from an exceedingly fine dispersion of constituent 
throughout the grain and becomes visible under the 
microscope when the particles grow to sufficient size. 
This type of precipitation occurs throughout the grain 
except possibly where lamellar precipitation occurs. 
The particles are arranged in parallel planes with a 
single orientation and often have the appearance of 
the well known Widmanstatten structure. Long etch- 
ing periods are sometimes necessary to reveal the gen- 
eral type of precipitation. 

In the opinion of some investigators, maximum 
yield strength and hardness, particularly in the AZ92 
alloy, are obtained when the minimum of lamellar 
precipitate is produced. 

Figures 3, 4, 5, and 6 show precipitated constituent 
after a —T6 heat treatment. Figures 3 and 4 illus- 
trate the microstructure of AZ92 alloy at 100X and 
500X, respectively. The precipitated constituent oc- 
curs generally throughout the grains. 

Figures 5 and 6 represent AZ63 alloy at similar 
magnifications. These show, more clearly, individual 
patches of lamellar precipitate and a considerable 
amount of general or Widmanstatten precipitate. 

A stabilizing treatment is essentially an artificial 
aging treatment performed at higher temperatures. 
The effect on the microstructure is similar in that 
the same types of precipitation occur as in the lower 
temperature ranges. The difference lies in the larger 
amounts and coarser particles of precipitate formed 
at the higher temperatures. 

It has been stated that one of the functions of the 
stabilizing treatment is to reduce the tendency of cast- 
ings to grow during service at elevated temperature. 
It is also sometimes called a “degrowthing” or growth 
removal treatment. 

Growth in castings is essentially a change in volume 
resulting from the precipitation and coalescence of 
constituent precipitated from solid solution. Thus 
the purpose of a stabilizing treatment is to complete 
precipitation before machining so that only a neg- 
ligible amount of growth will take place during any 
subsequent heating in service. The use of higher 
temperature in stabilizing or degrowthing treatments 
is primarily to expedite the process. 

A great deal of work has been done by various in- 
vestigators to determine the amount of growth that 
may occur in magnesium alloys. As would be ex- 
pected, the amount of potential growth is greatest in 
the —T4 or solution treated condition. Increasing 
the quenching rate increases the amount of possible 
growth. Artificial aging and stabilizing treatments 
remove progressively larger amounts of growth. 


Heat Treat Furnaces 


Furnaces for heat treating magnesium alloy cast- 
ings must be so designed and constructed as to pro- 
vide uniform temperatures throughout the furnace 
as attained by a high rate of air circulation. They 
must be equipped with thermocouples and controll- 
ing equipment of such accuracy that no areas deviate 
from the nominal operating temperature by more 
than 10 F. 

The furnaces must be tight enough to maintain a 
protective atmosphere within and fitted with an eas- 
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ily observed and carefully controlled method of in- 
troducing that atmosphere. They must be provided 
with sufficient thermocouples to continuously and 
completely survey furnace temperatures. They 
should be equipped with an alarm system to call at- 
tention to any increases in furnace temperatures 
which may lead to fires. The source of heat must be 
well shielded to avoid local overheating of parts of 
the charge by radiation. 

Furnaces may be continuous or batch type. A con- 
tinuous furnace may be desirable when one alloy and 
one heat treatment are used. A batch-type furnace is 
preferred for a jobbing foundry because it offers more 
flexibility in economically handling a number of al- 
loys and heat treatments. Furnaces may be heated 
electrically or indirectly by gas or oil. Electric and 
indirect gas-fired furnaces are preferred. 


Heat Treatment Hazards 

The quality of heat-treated castings, with particular 
reference to mechanical properties, is affected by sev- 
era] metallurgical phenomena, more or less peculiar 
to magnesium alloys, which may occur at the heat- 
treating temperature. One of these is surface oxida- 
tion. This is the result of the reaction of magnesium 
with the normal atmosphere, air, at heat-treating 
temperatures and its occurrence is generally attributed 
to some deficiency in the protective atmosphere of 
the furnace. 

Surface oxidation is generally evident as a gray, 
black powder on the surface of castings. Also, craters 
and voids may be present on the surface, and the lat- 
ter may extend into the interior of the casting. The 
effect of such oxidation may lead to local weakening 
of the metal structure and cause serious reduction in 
mechanical properties and serviceability of castings. 
In extreme cases it can lead to fires in heat-treating 
furnaces. 

Figure 7 shows a severe example of surface oxida- 
tion in AZ92 alloy. Pits may be observed on the sur- 
face of the specimen, and grain boundary voids under 
the surface. 

The most effective means of eliminating oxidation 
has been by the use of a protective atmosphere in the 
heat-treating furnace. The most commonly used pro- 
tective atmosphere is produced by passing a continu- 
ous stream of sulphur dioxide gas into the furnace 
and maintaining a concentration of 0.5 to 1 per cent 
in the furnace atmosphere. 

Sulphur dioxide atmospheres may also be obtained 
from sulphur or iron pyrites. These materials are 
somewhat cheaper than compressed sulphur dioxide 
gas but are more difficult to handle and control. Sul- 
phur can be used to generate sulphur vapor in a 
separate burner discharging into the furnace, or 
placed in a steel container inside the furnace where 
a slow evolution of sulphur dioxide gas will take 
place as the sulphur vapor burns. Pyrites is used in 
the latter manner. 

Magnesium castings may also be successfully heat 
treated in an atmosphere containing carbon dioxide. 
This is advantageous where it is necessary to heat 
treat magnesium and aluminum castings in the same 
furnace. The use of carbon dioxide gas is more ex- 
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pensive than sulphur dioxide because a much highe: 
concentration must be maintained to produce a pro- 
tective atmosphere. Its use appears to be advantage 
ous only under conditions mentioned above except 
that it does eliminate the fume problem. 

Some consideration has been given and work done 
on other gases such as helium, argon, hydrogen, hy- 
drocarbons and carbon monoxide as protective at- 
mospheres.* None of these gases has been considered 
to be satisfactory. Helium and argon are too costly 
and do not act as inhibitors of oxidation but func- 
tion merely by displacing air in the furnace. Hydro- 
gen, methane or other hydrocarbon gases and carbon 
monoxide may be sufficiently protective but they are 
difficult to handle and are dangerous. 

The solution heat treatment of magnesium castings 
in direct-fired oil or gas furnaces appears to be of 
relatively little commercial importance, probably be- 
cause it does not provide as much protection against 
oxidation as do inderct-fired fuel or electric furnaces 
with sulphur dioxide atmospheres. With this type of 
furnace, heat treating is done directly in the products 
of combustion. When this method is used the hot 
combustion gases must be diluted to approx. 30 per 
cent with air to provide a suitable temperature. 

One undesirable component of combustion gases is 
water vapor which tends to promote oxidation.' De- 
hydration of the gases would, of course, remove the 
water vapor. Since water vapor is present, the addi- 
tion of sulphur dioxide for protection against oxida- 
tion is not desirable because of the formation of cor- 
rosive sulphurous acid fumes. 


Other Methods Less Commonly Used 


Heat treatment in a vacuum furnace is ideal from 
the standpoint of protection since all harmful gases 
are eliminated. Its use is limited, however, because 
of non-uniformity of temperature distribution. The 
modern circulating air furnace is much preferred 
because of simplicity of construction, uniformity and 
accuracy of control, and ease of operation. 

Heat treatment of castings in salt baths has not 
found much favor, although good temperature con- 
trol can be maintained and atmospheric considera- 
tions are eliminated. Salt mixtures can be explosive 
in contact with magnesium, particularly if they con- 
tain nitrates, nitrites, or cyanides. Mixtures of mol- 
ten chromates were used in Germany for several 
years. The principal objections to salt baths are loss 
of salts because of carry-over to the quenching tanks 
and the difficulty in later washing the solidified fused 
salts from the casting. 

Other phenomena which may appear during heat 
treatment are eutectic or grain boundary melting and 
grain growth or germination. These are controlled 
or eliminated by employing specific heat-treating 
practices. 

Eutectic melting is caused by heat treating at too 
high a temperature or by heating too quickly to the 
heat-treating temperature. The Mg-Al-Zn alloys con- 
tain two eutectics, one of which melts at about 660 
F and the other at about 780 F. When the zinc con- 
tent is above 2 per cent, it is often necessary to hold 
the castings at 650 F until the lower melting eutectic 
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dissolves in the solid solution matrix. The tempera- 
ture can then be raised to 770 F to cause solution of 
the higher melting eutectic which is hardly affected 
by the 650 F treatment. 

Eutectic melting in itself, unless unusually severe, 
does not adversely affect mechanical properties. How- 
ever, eutectic melting is sometimes accompanied by 
intergranular oxidation causing voids which lower 
mechanical properties. The common practice in 
avoiding eutectic melting is to slowly raise the tem- 
perature of the castings being heat treated through 
the lower part of the temperature range to permit 
diffusion of the low-melting-point eutectic into the 
solid solution matrix, and then raise the temperature 
to not higher than 10 F under the melting point of 
the least fusible eutectic present in the alloy. 

It has also been found (U. S. Patent No’s, 2,185,452 
and 2,185,453) ®7 that the addition of about 0.05 per 
cent calcium eliminates. the need for the gradual in- 
crease in heat-treating temperature so that the final 
heat-treating temperatures of Mg-6Al-3Zn and Mg- 
9AI-2Zn alloys (ASTM designations AZ63 and AZ92, 
respectively) can be raised 10-20 F, and the holding 
time for the former can be greatly shortened. The 
increase in temperature permissible when calcium is 
present makes it possible to save several hours in the 
heat-treat cycle. 

Figure 8 shows eutectic melting in AZ92 alloy. 
Areas of fused constituent may be observed in the 
center of the micrograph. The extreme angularity 
of these areas is an indication of considerable local 
fusion. 


Occurrence of Coarse Grains 


Germination is the tendency of some magnesium 
alloys to develop large grains when held at tempera- 
tures at or near the heat treating temperature. This 
is generally detected on machined surfaces of castings. 

The enlarged grains usually occur in irregular 
shaped areas surrounded by normally fine-grained 
areas. Germination seriously affects the mechanical 
properties of castings. Tests on bars machined from 
fine-grained and coarse-grained areas in the same cast- 
ings show at least a 50 per cent reduction in tensile 
and yield strengths in the coarse-grained areas. 

Germination may occur in sections of castings in 
which the following conditions exist during heat 
treatment: 

1. Grain size is very fine. 

2. Internal stresses and stress gradients are pres- 
ent although the magnitude of these stresses appears 
to be quite small. Chilled areas are particularly 
prone to germination. Even a saw-cut will sometimes 
start germination. 

3. Time at heat-treating temperature is sufficient 
to effect complete solution of grain boundary consti- 
tuent. Germination apparently does not proceed 
until the grain boundaries are essentially free of in- 
terfering material. 

4. The heat treating temperature must be above 
730 F. 

One positive method of preventing germination is 
the interrupted solution heat treatment described in 
U. S. Patent No. 2,389,583.8 In this method, the total 
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Fig. 7—Surtace oxi- 
dation in AZ92 al- 
loy. Glycol etch. 
100X. 


Fig. 8 — Eutectic 
melting in AZ92 al- 
loy. Glycol etch. 
100X. 





time at heat treating temperature is broken up into 
several periods with intervening cooling periods. 

For example, a charge of castings given an inter- 
rupted heat treatment is first heated for 5 hr at 775 
F, then cooled to under 500 F and raised to 775 F 
for 5 hr. This is followed by another cooling cycle 
and a final heating period of 5 hours at 775 F for a 
total of 15 hr at temperature. The charge is then 
regularly quenched. 

The interrupted cycle heat treatment is based on 
the conception that germination cannot proceed with- 
out a gradient in energy level within the casting. 
The volume change resulting from alternate solution 
and precipitation relaxes the lattice and eliminates 
gradients in the stress or energy level. 

The first cycle of short-time solution and precipita- 
tion is most effective in preventing germination. Suc- 
ceeding solution periods may be carried out for longer 
periods of time before growth takes place until, fin- 
ally, grain growth tendency no longer exists at the 
end of the last solution period. This, as stated before, 
is believed due to a relaxation of the internal stresses 
which promote germination brought about by the 
volume changes accompanying the cycles of solution 
and precipitation. 

It may be possible to control germination to some 
extent by modifying the factors which appear to pro- 
mote germination. That is, production practices 
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could be adopted which would produce coarser 
grained castings and reduce the amount and degree 
of chilling, and thus minimize stresses in the cast- 
ings. Such expedients are not desirable because they 
are unreliable in effect and not in the direction of 
producing high-strength castings. 

The alloys particularly susceptible to germination 
are those relatively high in aluminum and low in 
zinc. These are the Al0, AZ92, and AZ9IC alloys. 
It must be kept in mind that germination in these 
alloys is not general but originates in critical condi- 
tions of grain size and casting stresses. Heat treat- 
ments to prevent germination are applied only when 
necessary, and may have to be varied to conform to 
the characteristics of individual castings. 

Figure 9 shows germination in a AZ92 alloy cast- 
ing. The irregular area of large grains is surrounded 
by normally fine-grained areas. 

A heat treating hazard of a non-metallurgical na- 
ture is warpage. Magnesium alloy castings lose much 
of their rigidity at solution heat treating tempera- 
tures and may warp, sag, or otherwise deviate from 
the original casting shape or dimensions. The tend- 
ency to warp or distort is influenced to a large extent 
by size, shape, and section thickness. This may be 
eliminated, in many instances, by the proper support- 
ing and placement of castings in the heat-treating 
rack, but sometimes special jigs or supports are re- 
quired to maintain the proper casting shape. 


Heat Treatment Practices 


The discussion of heat treatments up to this point 
has dealt only in principles and little reference has 
been made, specifically, to times and temperatures. 
As with other groups of non-ferrous alloys, chemical 
composition of the magnesium alloys governs heat- 
treating temperatures. Size of castings, size of the 
charge, section thickness and grain size of castings 
largely determine heat-treating times. 

In common with other non-ferrous alloys, the heat- 
treating temperatures selected for magnesium alloys 
are those just below the temperatures at which eutec- 
tic melting is encountered under commercial heat- 
treating conditions. These have been established gen- 
erally by experiment until the proper temperature 
has been determined. 





HEAT TREATMENT OF MAGNESIUM ALLOy CASTIANGs 


The heat treating practices for the alloys describ: «1 
in this paper are discussed under the headings of t! « 
principal types of heat treatments, namely, solution, 
solution followed by artificial aging, and stabilizing. 
A tabulation of typical practice for these heat trea‘ 
ments is given in Table 1. 


Solution Heat Treatments 


The current standard heat-treatable castings are as 
follows: 





Composition ASTM Dow Alcoa 
“AL% Zn,% Designation Designation Designation 
10.0 — A 10 G AM240 
9.0 2.0 AZ92 Cc AM260 

8.7 0.7 AZ91C AZ91C AMA263 


6.0 3.0 AZ63 H 


AM265 





Typical schedules for the solution heat treatment 
of each of these alloys are: 


Al10 Alloy: Sand castings are solution heat treated 
for 18 to 24 hr at 780 F, followed by the quench in 
moving air. Calcium, approximately 0.05 per cent, 
is added to the molten metal by some foundries to 
aid in heat treatment. With this calcium present the 
soaking temperature can be raised 15-20 F. The same 
increase in soaking temperature applies in the case of 
the other alloys when calcium is added. The net 
effect of 0.05 per cent calcium is to raise the heat- 
treating temperature and reduce the time required 
at temperature. 

It is preferred practice to start a heat treatment 
charge of castings with the temperature of the fur- 
nace no more than 500 F. It is also desirable to in- 
crease the temperature of the charge at a gradual and 
uniform rate, through about a 2-hr period, to the 
soaking temperature. The soaking periods for the 
various alloys indicated herein are preceded by such 
a pre-heating period. 

Since permanent mold castings in the A10 alloy 
are quite susceptible to germination, an interrupted 
heat treatment is generally used. Typical schedules 
consist of soaking 2-3 hr at 785 F, cooling to 300- 
400 F and reheating to 785 F, and holding at this 
temperature for 7 to 12 hr. 

AZ92 Alloy: A typical solution heat treating sched- 


Fig. 9—Germination in AZ92 alloy 
casting. 
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Aging After 


Solution Heat 


Solution Heat 








Stabilizing After 
Solution Heat 





Stabilizing 











Alloy Treatment (T4)? Treatment (T6) Treatment (T7) Treatment (T2) 
Time,hr Temp.,F Time,hr Temp.,F Time,hr Temp.,F Time,hr Temp.,F 
A-10 18-24 780-800 10-12 325-400 4 500 — — 
AZ92 18-22? 760-775 5-15 400-425 4 500 — _ 
AZ91C 18-20? 775-790 3-5 400-425 4 500 — —_ 
AZ63 10-15* 720-740 5-15 400-425 4 500 _ — 
ZK61 2 930 48-72 300 — ats — = 
7K51 hy =" om A a 12 350 
EZ33 — a =. — _— 12 350 
EK30A 16 1050 16 nal one inet wn 


1. Castings are brought up to holding temperatures at uni- 
form rate of rise in approximately 2 hr before treatment at 
times and temperatures shown. 

2. The step or interrupted cycle heat treatment described in 
the text may be necessary to prevent germination. 


3. This treatment is usually preceded by heating to 640 F in 
2 hr, holding for 2 hr, heating to heat-treating temperature in 
2 hr to prevent eutectic melting. 





ule for this alloy, without calcium, is 18-22 hr at 
760 F, followed by a standard quench when germina- 
tion is not a problem. There are some variations in 
procedure when germination occurs, determined ap- 
parently by specific conditions. 

In one procedure there are soaking periods of 5, 
614 and 101% hr at 760 F. In the two intervening 
cooling periods the castings are cooled rapidly to 650 
F, then to 450 F in 2 hr, then raised to 780 F in 2 
hr. Another variation consists of cooling the cast- 
ings to 200 F outside the furnace, which is maintained 
at the soaking temperature. The variations in prac- 
tices where germination must be prevented are us- 
ually developed to do a tedious but necessary job in 
the most convenient and economical way. 

Soaking temperatures are, of course, 15-20 F higher 
when calcium is added to the metal. Soaking times 
are also generally shorter. 

AZ91C Alloy: The solution heat treatment pro- 
cedures for this alloy are quite similar to those of 
the AZ92 alloy except that the soaking temperatures 
can be slightly higher because of lower zinc content. 

In one procedure there are three soaking periods 
of 5, 6 and 9 hr at 775 F. The intervening cooling 
periods consist of cooling rapidly to 650 F, then slow- 
ly in 2 hr to 450 F, then reheating in 2 hr to the 
soaking temperature of 775 F. When the alloy con- 
tains calcium, the soaking temperature is increased 
to 790 F and the periods shortened somewhat. 

AZ63 Alloy: This alloy is not susceptible to germin- 
ation and it is not necessary to employ an interrupted 
treatment. However, the alloy is prone to eutectic 
melting, and a different type of solution heat treat- 
ment must be employed to counteract this charact- 
eristic. The conventional method is to employ a 
slow heating rate through the lower part of the tem- 
perature range to permit diffusion of the low-melting- 
point eutectic—the Mg-Al-Zn constituent. 


Solution Followed by Artificial Aging Heat Treatments 


In one procedure, in which slow heating is em- 
phasized, the charge is heated to 640 F in 2 hr, 
soaked at this temperature for 2 hr, then heated to 
720 F in 2 hr and soaked 15 hr before quenching. 

Artificial aging treatments following the solution 
treatments are less complicated and generally more 


uniform throughout the industry. Typical artificial 
aging treatments with respect to time and tempera- 
ture are included in the table below: 





Alloy Time, hr Temperature, F 
BOC errr 10-12 325-400 
RAS eee 5-15 400-425 
ae errs 3-5 400-425 
RED. <n casincniesesgeses 5-15 400-425 





Normal atmospheres are used in aging furnaces. 
Temperatures are too low to require the protection of 
sulphur dioxide. 

It is possible to employ numerous combinations of 
time and temperature in the aging treatments. Less 
time is required at the higher temperatures to com- 
plete aging.® Somewhat higher elongations are ob- 
tained but with some reduction in yield strength. 
Longer times and higher temperatures are used when 
partial stress relief and growth removal are desired. 
The degree of solution of constituent is reported to 
influence the effect of aging. Maximum properties 
are developed in the —T6 condition when practically 
all constituent is dissolved in the solution treatment. 


Stabilizing Treatment 


The schedules for stabilizing heat treatments to 
provide , practically complete stress relief and free- 
dom from growth show little variation in commercial 
practices. This is generally 4 hr at 500 F for cast- 
ings either in the as-cast or —T4 condition. 


Magnesium-Rare Earth-Zirconium Alloys 


This comparitively new series of magnesium-base 
alloys has come into use over the past few years. 
These alloys are used in castings for service at tem- 
peratures up to 600 F. The optimum composition 
has not yet been agreed upon by either foundries or 
aircraft manufacturers. For the purposes of this paper 
only two alloys will be considered, each representa- 
tive of several in each of two general groups. All 
alloys of this series have essentially the same high- 
temperature properties. 

One group of alloys contains zirconium in about 
the maximum amount that can be alloyed, and is 
used after a low-temperature age of about 12 hr at 
350 F. EZ33 alloy, nominal composition 3 per cent 
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rare earths, 2.5 per cent zinc, and 0.7 per cent zir- 
conium, is typical of this group. 

The second group of alloys contains zirconium in 
lesser amount than EZ33, and is used after a solution 
heat treatment of 16 hr at about 1050 F followed by 
a 16-hr age at about 400 F. EK30A alloy, nominal 
composition 3 per cent rare earths and 0.3 per cent 
zirconium, is typical of this group. The furnace at- 
mosphere is maintained at about 2 per cent SO, dur- 
ing the solution heat treatment of this alloy. 


Magnesium-Zinc-Zirconium Alloys 


This series of alloys has been used experimentally 
to give a combination of high yield strength and high 
elongation after a low-temperature-aging treatment. 
Alloy ZK51, with which most work has been done 
both in this country and abroad, nominal composi- 
tion 4.5 per cent zinc, 0.7 per cent zirconium, is used 
after a 12-hr age at 350 F. 


Fires During Heat Treatment 


A hazard encountered in the heat treatment of 
magnesium alloy castings is the danger of fires. In 
general, good operating practices employed for satis- 
factory heat treatment will also serve as fire-preven- 
tion practices. Two sets of furnace temperature con- 
trols, operating independently of one another, should 
be provided. Controls and other furnace equipment 
should be checked frequently to maintain at all times 
the recommended temperaure ranges. 

Sulphur dioxide atmospheres should be used. Fur- 
naces should be kept clean and free from iron scale. 
Each furnace charge should consist of castings of one 
alloy composition only. These should be free from 
fines or dust. Water vapor is extremely hazardous 
and, for this reason, water should never be used as a 
bearing coolant in recirculating fans installed inside 
heat-treating furnaces. 

In spite of precautions taken in heat treating, fires 
can and do occur. Well-known methods have been de- 
veloped to combat such fires. These include the use 
of materials such as G-1 powder and soapstone. The 
use of these materials requires the rack of burning 
materials to be outside the furnace or just inside the 
door so that the materials can be effectively applied. 
A fire can be fought with the furnace door open but 
without moving any racks by the use of a special G-] 
pump with which a stream of powder may be sprayed 
to any part of the furnace. 

A method of fighting a fire entirely within the fur- 
nace and without opening the door consists of burn- 
ing lubricating oil within the furnace to reduce the 
rate of burning. This method is intended to minim- 
ize damage to the furnace rather than save castings. 

A new method has been developed which is ef- 
fective in extinguishing fires..° This method makes 
use of compressed boron trichloride gas. The gas is 
introduced into a small opening in the furnace 
through a pipe and tubing leading from the contain- 
ing cylinder. The action of the gas is to form a pro- 
tective film over the burning metal which quickly 
checks a vigorous fire. The gas flow is continued un- 
til the furnace temperature is about 700 F and the 
fire is extinguished. 


HEAT TREATMENT OF MAGNESIUM ALLOY CASTINGs 


An alternate method is to use boron trichlorid 
until the vigorous fire is checked. The rack can then 
be withdrawn from the furnace and the remaining 
fire extinguished quickly and without discomfort by) 
G-1 powder. 
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DISCUSSION 
Chairman: A. Cristecto, American Light Alloys, Inc., Little 
Falls, N. J. 
Co-Chairman: H. E. Etxtiotr, Dow Chemical Co., Bay City, 
Mich. 


Recorder: A. CRISTELLO. 

P. A. FisHER (Written Discussion):* I have been interested to 
note the details given in this paper of the heat treatment cycles 
for the T4 condition and partictularly the emphasis on the 
necessity to avoid germination. In Great Britain the two alloys 
of this type now universally employed contain 8 per cent and 
914 per cent aluminum respectively, both containing 0.5 per 
cent zinc. The two alloys are known as A8 and AZ91. Alloy 
AZ63, although used prior to 1939, is not now used mainly owing 
to its increased tendency to microporosity as compared with A8 
and AZ91. 

With these two alloys in Great Britain, germination in both 
sand and permanent mold castings is almost unknown, and the 
treatment to obtain the T4 condition consists simply of heating 
the castings for 8 hr at 725 F followed by 16 hr at 770-790 F. In 
this connection, I think the figure given in this paper for the 
melting point of the magnesium-aluminum eutectic is a little 
low. The melting point of this eutectic is, I believe, 815 F. 

It is not clear from this paper whether germination has, in the 
U.S.A., been found of practical difficulty in the case of AZ9IC, 
although the rather complicated heat treatment cycle mentioned 
in connection with this alloy tends to suggest that some difficulty 
is experienced. If this is so it is rather difficult to explain in 
view of our experience with virtually the same alloy—it is noted 
however that the nominal zinc content of AZ9IC is slightly 
higher than that of the British version. 

The effect of calcium has also been investigated by my Com- 
pany and we have confirmed that it enables slightly higher tem- 
peratures to be used for solution treatment. If too much calcium 
is added however the rate of diffusion decreases so that no bene- 
fit is gained. A serious disadvantage is the fact that distortion 
of castings increases considerably if the higher solution treatment 
temperatures are employed and this, coupled with the fact that 
calcium additions are somewhat difficult to control is a produc- 
tion foundry, has not encouraged its use in the U.K. 

Regarding the generation of SO, in electric resistance heat 
treatment furnaces, it has been our experience that the use of 


1 Metallurgist, Magnesium Elektron Ltd., Manchester, England. 
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pure sulphur frequently leads to breakdown of the heating ele- 
ments unless these are totally enclosed. In U.K. foundries, it is 
usual to generate the sulphur from pyrites and undue difficulty 
with heating elements does not seem to arise in this case. 

With reference to the section of this paper dealing with zir- 
conium alloys, the mention is of course quite brief but, I think, 
gives the wrong impression of the present development of these 
alloys. Both the magnesium-rare earth-zirconium and the mag- 
nesium-zinc-zirconium alloys have now been in commercial use 
in Britain for five years, and many thousands of castings, 
amounting to hundreds of tons in weight in each alloy, have 
been produced and used. 

It is also incorrect to state that the optimum composition of 
the magnesium-rare earth-zirconium alloys has not yet been 
agreed. While the compositions selected from any alloy system 
are subject to modification as a result of research and experience, 
two definite and By now well known alloys in this particular sys- 
tem were introduced to the British aircraft industry some five 
years ago and have been accepted as a very useful addition to 
the range of ultra light alloys ever since. They are in fact now 
regarded as a standard and routine production line by the 
foundries engaged in their manufacture. These alloys have also 
been available to the U.S. industry for nearly three years. 

In this class of alloys the use of the solution treatment at 1050 
F is to improve the low room temperature tensile properties ob- 
tained when the zirconium content is limited to about 0.25 per 
cent. However, considerable care must be taken in applying this 
treatment since, if the temperature is too low, the creep strength 
of the alloys is seriously affected. 

The use of such a high temperature obviously involves con- 
siderable risk of distortion of the castings and may be very ex- 
pensive. In the alloys developed by my Company, solution treat- 
ment is avoided. The higher level of room temperature tensile 
properties can readily be achieved by the use of a higher zir- 
conium content and the heat treatment then merely consists of 
a low temperature stabilizing treatment in which the tempera- 
ture involved is not very critical and no danger of distortion is 
present. 

With regard to the magnesium-zirconium-zinc alloys, here 
again the use of the alloy which you term ZK51 is, in the U.K., 
far beyond the experimental stage. Many thousands of castings, 
again amounting to many hundreds of tons in weight, have been 
made in this alloy over the past five years and, as in the case 
of the alloys containing rare earth metals, the use of this alloy 
is a normal operation in the foundries engaged in its manufac- 
ture. As a point of interest, the British “Comet” aircraft, which 
it is hoped will commence the first pure jet commercial passenger 
service, contains over 1,000 magnesium alloy castings, the major- 
ity of which are in Z5Z, the alloy which is of course known in 
U.S.A, as ZK51. 

It should also be mentioned that J. W. Meier of the Canadian 
Bureau of Mines has proposed the use of a magnesium-zinc- 
zirconium alloy containing 6 per cent zinc which is used in the 
solution treated condition followed by artificial aging. As in the 
case of the alloy containing rare earth metals, the temperature 
required for solution treatment is very high (930 F) and the 
dangers of distortion of castings are correspondingly also high. 
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There are, in addition, various other difficulties involved in the 
commercial production of this alloy which, in our opinion, ren- 
der it less attractive to the founder than Z5Z (or, in American 
parlance, ZK51), inspite of the outstanding properties which can 
be obtained with some types of test bar. 

To conclude therefore, I would like to say that in both classes 
of zirconium alloys there are available well known and tried 
alloys. In both classes the alloys have been particularly designed 
to present the least difficulty to the founder so that the foundry 
industry can offer to its customers a sound and practical proposi- 
tion. The zirconium alloys developed by my Company are now 
being cast in eight different countries, and their use, as I have 
menticned earlier, is far beyond the experimental stage and 
daily growing in importance and quantity. 

J. W. Meter (Written Discussion):* A recapitulation of proper 
heat treating techniques for magnesium alloy castings is very 
valuable at this time of considerably increased interest in various 
applications of magnesium products, and the author should be 
congratulated for this fine compilation. My only comment would 
be to ask for a correction of the heat treating cycle for alloy 
ZK61 given in Table 1. Similarly, as for other alloys, there is a 
range of temperatures and times to be used depending on cast- 
ing size and shape, as well as local heating facilities. The range 
for alloy ZK61 castings was established* as follows: 

Solution heat treatment 1-5 hr at 800-930F 
Aging 24-48 hr at 265-300 F. 

There is also a question of definitions: Would it be not more 
correct to call the heat treatment used for alloys ZK51 and EZ33 
an aging treatment instead oi “stabilizing” as used in Table 1, 
which is not consistent with the authors’ definition of the sta- 
bilizing treatment. 

C. E. Netson:* I would like to point out that germination 
does not occur at all on the AZ63 alloy, but has been observed 
on the AZ92 alloys. Fortunately, this has never been a serious 
problem in actual practice because the occurrences of germina- 
tion are rare and, in any case, the so-called “interrupted” type 
heat treatments for AZ92 alloy, some of which are described in 
this paper, will entirely prevent germination. 

One published work (Peters, Busk and Elliot) shows that 
the occurrence of germination is related, among other things, 
to alloy composition and the data show that the AZ91 type 
composition is near the borderline and is not as likely to 
germinate as AZ92 (higher Al and Zn) alloy. 

M. E. Brooks: * Use of CO, instead of SO, in heat treat fur- 
naces is of great interest to many foundries running both 
aluminum and magnesium ailoys. Can you give details about 
the latest tests on the use of CO, including the concentration 
used in the furnace atmosphere? 

Mr. GINGERICH: There had been some recent work done 
with CO, in a production size furnace but we do not have in- 
formation on the results of the test. 


® Canadian Department of Mines & Technical Surveys, Ottawa, Ont., Canada. 

*J. W. Meier and M. W. Martinson, “Development of High-Strength 
Magnesium Casting Alloy ZK61,” A.F.S. Transactions, vol, 58, pp. 742-751 
(1950) 

% Technical Director, Dow Chemical Co., Magnesium Div., Midland, Mich. 

* Foundry Engineer, Dow Chemical Co., Bay City, Mich. 











EFFECT OF PERCENTAGE OF NODULAR GRAPHITE 
ON CERTAIN MECHANICAL PROPERTIES OF 
MAGNESIUM-TREATED CAST IRON 


By 


R. W. Lindsay* and A. Shames** 


ABSTRACT 

A series of melts was prepared by induction melting, and was 
treated in such a way that the graphite structures in the re- 
sulting castings varied from all flakes at the one extreme to 
practically all nodules at the other extreme. The variation in 
graphite structure was produced by adding increasing quantities 
of magnesium to a base iron, which could be nodularized by suf- 
ficient magnesium addition. A double-treatment technique was 
used; the magnesium was added as an iron-silicon-copper mag- 
nesium alloy followed by a ferrosilicon addition. Microexamina- 
tion of the castings showed the percentages of nodules in the 
various structures to be 0, 19, 55, 81 and 92 per cent. 

Two standard 0.505-in. diameter tensile bars and eight R. R. 
Moore fatigue specimens with 0.300-in. minimum diameter 
were prepared from each casting, and hence from each struc- 
ture of the various nodule contents. These test specimens were 
used to determine the ultimate strength and elongation in 
tension, the endurance limit for un-notched specimens, and the 
endurance ratio. 

The ultimate strength, elongation, and endurance limit in- 
crease with increasing percentage of nodules in the structure. 
The greatest improvement in these properties results as up to 
50 to 60 per cent of the graphite in the structure assumes a 
spherulitic shape. It is to be noted that the graphite which 
does not exist in spherulitic form in these magnesium-treated 
irons will be in the form of very stubby flakes. The endur- 
ance ratio decreases with increasing percentage of nodules in 
the structure. 

These results are of importance industrially, since they in- 
dicate that high values of certain mechanical properties com- 
parable with those for a fully nodular iron may be obtained 
with a substantial amount of stubby flake graphite and irregu- 
larly-shaped nodules present in the structure. 


It is well known that if sufficient magnesium is re- 
tained in an iron of proper gray iron composition, a 
nodular iron will result in the as-cast condition. The 
usual limits set for residual magnesium are 0.04-0.10 
per cent. Morroght+ described the manner in which 
the mechanical properties of the treated iron may 
vary with the quantity of nodular graphite in the 
structure. Furthermore, it would be of interest to 
determine whether or not a critical percentage of 
nodules might result in development of properties 
approaching those of the fully nodular iron. These 
points formed the subjects of the investigation to be 
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described in this paper. Tensile and fatigue proper- 
ties of the treated iron in the as-cast condition were 
used as criteria for the change in properties with 
quantity of nodule formation. 


Experimental Procedure 

All heats were made in a high-frequency induction 
furnace of 17-lb capacity. Charges were made up of 
a low-sulphur, low-phosphorus pig iron, and a low- 
carbon steel. The molds were constructed of a fine 
bank sand mixed into 2 per cent of oil binder, 1 per 
cent of cereal, and 4 per cent of water. These molds 
were baked for | hr at 400 F. The mold cavity was 
2144 x 21% in. at the bottom, 3 x 3 in, at the top, and 
814 in. long. 

A superheating temperature of 2800 F was used in 
all heats, and the magnesium addition was made at 
about 2650 F followed closely by a ferrosilicon addi- 
tion. The magnesium alloy used to make the addi- 
tions contained 10.20 per cent magnesium, 6.87 per 
cent copper, 34.32 per cent silicon, and the remainder 
iron. The metal was poured directly into the mold 
shortly after the ferrosilicon addition at a tempera- 
ture of about 2600 F. The molds were top poured, 
and the only feeding action was the result of the in- 
crease in section size from bottom to top of mold. 
Each casting included a definite shrink, but it was 
easily possible to avoid this in sectioning the casting 
into test bar blanks. 

The percentage of nodules was varied by introduc- 
ing different amounts of the magnesium alloy into 
the molten metal. Pertinent data are given in Table 
I as regards the compositions of these irons. 

Specimens for metallographic examination and esti- 
mation of percentage of nodules were taken from 
several locations in each casting. Blanks were cut 
from each casting for the preparation of two stand- 
ard 0.505-in. diameter tensile bars and eight R. R. 
Moore fatigue specimens with 0.300-in. minimum 
diameter. After final machining, the fatigue speci- 
mens were ground and then polished with 00 emery 


paper. 


+H. Morrogh, “The Influence of Some Residual Elements and 
Their Neutralization in Magnesium-Treated Nodular Cast Iron,” 





A.F.S. TRANSACTIONS, vol. 60, pp. 439-452 (1952). 


52-28 








651 


R. W. LinpsAy AND A. SHAMES 


















































(e) Melt No. 6. Nodules, 92%. 


Fig. 1—Photomicrographs (a, b, c, d, e) show micro- 
structures of the various castings used in the in- 
vestigation. Picral etch. X100. 


(c) Melt No. 11. Nodules, 55%. 
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Fig. 2—Tensile strength and elongation values vs. per- 
centage of nodules in structure. 


Discussion of Microstructures 

Estimation of the percentage of nodules was ac- 
complished by counting the individual nodules and 
flakes on unetched sections at 100 magnification with- 
out taking into consideration any difference in size 
between the particles. The size of a flake or nodule 
as seen through the microscope depends not only 
upon the actual size of the flake or nodule, but also 
upon the manner in which the plane of polish inter- 
sects the individual graphite particles. What appears 
to be a small nodule may actually be a large one 
that has been sliced through at a relatively large dis- 
tance from a diameter parallel to the polished section. 

As can be seen from the photomicrographs in Fig. 
1, true flake and true nodular graphite are not the 
only shapes of graphite present. In order to simplify 
the task of estimating the percentages of nodules and 
flakes, the graphite was classified into two groups 
only. Such classification required an arbitrary divi- 
sion between flakes and the more compact type of 
graphite called nodules. Any particle having one 
dimension at least twice that of the other was con- 
sidered as a flake. 

Many of the particles placed into the category of 
nodular graphite were not truly spherulitic. These 
particles were far from the common conception of 
flakes and did approach a spherulitic shape. On the 
other hand, the graphite particles classified as flakes 
were usually not what are commonly considered as 
flakes. In general, except for the melt with no mag- 
nesium addition, the so-called flakes were shorter and 
more stubby than ordinary flakes. A gray cast iron 


TABLE 1—CHEMICAL COMPOSITION OF MELTS 





-eifi of 
Compcsition, % 








Melt No. 6 7 11 13 14 
Total Carbon 3.23 3.20 3.26 3.36 3.43 
Silicon 2.54 2.33 2.32 2.01 1.53 
Sulphur 0.026 —- — — 0.030 
Phosphorus oe .... —_—_ wade 0.026 
Manganese 0.22 —_ —- — 0.22 
Carbon Equivalent 4.09 3.99 4.04 4.04 3.95 
Per Cent Nedules 92 81 55 19 0 
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with the graphite entirely in the form of these stubby 
flakes would undoubtedly have higher strength prop- 
erties than a similar iron with graphite in the normal 
flake form. 

It is concluded then from examination of the micro- 
structure, that the magnesium addition, even though 
small, affects a major portion of the graphite in the 
irons studied and not only that portion which ap- 
pears as nodules. 

Several areas were counted and re-counted in order 
to determine the reproducibility of the method of 
estimation. In no case did the difference between 
estimations, either on the same specimen or different 
specimens from the casting of any given iron, exceed 
3 per cent nodular graphite. 

The appearance of the matrix was fairly constant 
from heat to heat; it consisted of lamellar pearlite 
plus small patches of carbide with rims of ferrite 
enveloping the graphite. Typical photomicrographs 
of the matrices occurring in the test specimens are 
shown in Fig. 1. 


Discussion of Tensile Results 


The excellent reproducibility of the tensile data 
indicates the homogeneity of the materials tested 








(Table 2). Figure 2 shows the ultimate strength 
TABLE 2—TENSILE DATA 
Ultimate Strength, Elongation, 
Specimen Nodules, % psi % in 2 in. 
14A 0 17,600 . 
14B 0 17,400 1.0 
13A 19 43,000 3.5 
13B 19 41,700 3.5 
11A 55 65,500 55 
11B 55 66,000 ° 
7A 81 71,100 7.0 
7B Unsound specimen—not tested 
6A 92 74,100 7.5 
6B 92 74,600 7.5 


* Fractured outside gage length. 





values plotted again the percentage of nodules. As 
can be seen, the ultimate strength increases with in- 
creasing percentage of nodules. The curve rises rap- 
idly at first and then levels off. Considering the point 
at 50 per cent nodules as approximately the end of 
the rapidly-rising part of the curve and the beginning 
of the slowly-rising part, it can be seen that the gain 
in strength in the initial portion is about four times 
as great as in the final portion. 

The reason for this difference can be found by 
examining the photomicrographs. The _ greatest 
change in the shape of the graphite (and also in the 
tensile strength) appears between the iron with zero 
per cent and the iron with 19 per cent nodules. The 
increased strength in the initial portion of the curve 
appears to be due not so much to the actual produc- 
tion of nodular graphite, but to the formation of 
stubby flakes instead of ordinary flakes. 

A graphite particle in cast iron acts as a notch to 
concentrate stress at the root of the notch. The stress 
concentration becomes more pronounced as the angle 
of the notch becomes more acute. Most of the stubby 
flakes in the iron with 19 per cent nodules would, 
therefore, result in a decrease in stress concentration 
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NUMBER OF CYCLES 


Fig. 3—Stress-cycles curves for the various irons used 
in the investigation. 


at the edges of the particles as compared to ordinary 
flakes; not as sharp a decrease as if the particles were 
spherulitic, but nevertheless a decrease. Also, less 
interruption of the steel-like matrix will occur if the 
graphite is in the shape of stubby flakes or nodules, 
because of their greater compactness (lower ratio of 
surface area to volume) as compared to ordinary 
flakes. 

An examination of the curve of percentage elonga- 
tion vs. percentage of nodules in Fig. 2 reveals a 
similar situation. These data are not reliable as the 
strength data, since precise elongation measurements 
were difficult because of the poor fit after some brittle 
fractures. For example, it is well known that gray 
cast iron has an elongation close to zero, although 
the value in Table 2 is given as | per cent. 


Discussion of Fatigue Data 


Table 3 is a summary of the results obtained in the 
fatigue tests. These data are shown in graphical form 
in Fig. 3. The general trend of the endurance limit— 
the limiting stress below which the iron will with- 
stand an indefinitely large number of cycles without 
fracture—can be seen to increase as the graphite par- 
ticles become more stubby and as more nodules are 
formed. In nearly all cases an iron with a higher 
percentage of nodular graphite will withstand a great- 
er number of cycles to failure at any stress level than 
an iron with a lower percentage of nodular graphite. 

Figure 4 is a curve of endurance limit vs. percent- 
age of nodules. The similarity between the fatigue 
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Fig. 4—Endurance limit values vs. percentage of nodules 
in structure. 
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and tensile curves is readily apparent and the same 
analysis as before can be applied. 

The endurance ratio, which is the ratio of the en- 
durance limit for completely reversed bending to the 
static ultimate strength, was calculated for each iron 
and the values are shown in Table 4. The endurance 
ratio definitely decreases with increasing percentage 
of nodular graphite. No explanation can be offered 
for this behavior. 

Conclusions 

1. A curve relating percentage of nodules and 
static strength properties reveals that the greatest im- 
provement in ultimate strength and ductility occurs 
from zero per cent to about 50 per cent nodules. This 
behavior is a result of the presence of stubby flakes 
and nodular graphite instead of normal flakes. 

2. The endurance limit for completely reversed 
bending varies with the amount of nodular graphite 
formation in much the same way as does the static 
ultimate tensile strength. The behavior can be ex- 
plained in the same manner. 

3. The endurance ratio decreases with nodule for- 
mation. 

4. High values in ultimate tensile strength, duc- 
tility, and endurance limit comparable with those 
for a fully nodular iron may be obtained with a sub- 
stantial amount of flake graphite present and with 
irregularly-shaped nodules. 


TABLE 3—FATIGUE DATA 








Specimen Maximum Fibre Stress (psi) Number of Cycles 
14A 23,000 0 
14B 10,000 6,000 
14G 9,500 24,000 
14D 9,000 35,000 
14E 9,000 97,000 
14F 8,500 199,000 
14H 8,250 97,000 
14C 8,000 11,949,000* 
13A 35,000 2,000 
13E 27,000 31,000 
13B 25,000 202,000 
13C 20,000 1,953,000 
13G 19,500 6,043,000 
13F 19,000 11,491 ,000* 
13D 18,000 10,781 ,000* 
11A 35,000 64.000 
11B $0,000 388,000 
11D 28,000 581,000 
IIE 27,000 1,135,000 
11F 26,000 3,888,000 
11G 25,500 8,422,000 
11C 25,000 10,000,000* 

7A 35,000 83,000 
7B 30,000 369,000 
7D 28,000 635,000 
7G 28,000 1,950,000 
7F 27,500 2,325,000 
7E 27,000 12.284.000* 
7C 25,000 11,245,000* 


6A Fractured before 50,000-psi stress was completely applied 


6B 35,000 125,000 
6E $2,000 $72,000 
6F 30,000 838,000 
6G 28,000 1,847,000 
6H 26,500 10,269,000* 
6C 25,000 11,339,000* 
6D 20,000 11,092,000* 


* Specimen did not fracture. 
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TABLE 4—-ENDURANCE RATIOS OF MELTS 
Melt No. 6 7 11 13 14 
Endurance Ratio 0.36 0.38 0.38 0.45 0.46 
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DISCUSSION 


Chairman: J. E. Renper, Department of Mines & Technical 
Surveys, Ottawa, Ont., Canada. 

Co-Chairman: V. A. Crossy, Climax Molybdenum Co., De- 
troit. 

Recorder: C. F. Watton, Case Institute of Technology, Cleve- 
land. 

R. A. Fiinn:' Physical properties are strongly influenced by 
the difference in the matrix structure. Photomicrograph B (Fig. 
1) appears to have about 60 per cent ferrite whereas Photomi- 
crograph C (Fig. 1) has only 20 per cent ferrite. 

The addition of data on Brinell hardness and combined car- 
bon would be helpful. 

Section size has a definite effect on the percentage of nodular 
and flake graphite. 

All of the castings could have been made ferritic before testing. 

Mr. Linpsay: It is agreed that there is a distinct difference in 
the appearance of the matrix in melt number 13 as compared 
to the other matrices. It might be said that it was anticipated 
that questions such as those posed by Dr. Flinn would arise. 
It is true that the influence of he graphite shapes presented 
here would be more truly reflected in a constant (ferritic) 
matrix. If the matrices were made pearlitic, then the tensile 
strength value would be increased and the elongation value 
would be decreased to a greater extent in melt 13 (and to a 
lesser degree in melts 7 and 6) as compared with melts 14 and 
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11. This would serve to change the shape of the curves in Fig 
2, but would hardly invalidate the conclusion that “the greates: 
improvement in ultimate strength and ductility occurs from 
zero per cent to about 50 per cent nodules.” 

The addition of data on Brinell hardness and combined car- 
bon would merely serve to confirm that the matrix difference 
under discussion is real. 

It is common knowledge that section size has a definite effect 
upon the percentage of nodular and flake graphite. It would 
be our contention that the property differences caused by the 
variation in percentage of nodular graphite would be found 
regardless of whether the variation was produced by changes 
in the nodularizing treatment or by changes in section size. 

J. T. MAcKenzie:? What was the magnesium content and 
the modulus of elasticity of the material? 

Mr. SHames: The magnesium contents of the irons were not 
determined. If they had been, they would have been reported 
in the paper. Our main concern was in producing a range of 
graphite structures with increasing percentage of nodules. This 
was done by increasing the amount of magnesium addition 
agent, with no magnesium being added to melt 14. It would be 
expected that an increasing amount of magnesium would be 
found to have been retained with increasing amount of addition 
agent. 

Gosta VENNERHOLM:* ‘Tensile strength alone is not a sound 
basis for evaluation of a material. The shape of spherulites can 
vary the modulus of elasticity from 16 million to 28 million. 

RICHARD SCHNEIDEWIND:* The difference in silicon content 
(Table 1) could have a profound influence on the physical 
properties. The copper content would also be involved. The 
effect would be present even if the samples had been annealed. 

Mr. LinpsAy: The comments by Mr. Vennerholm and Dr. 
Schneidewind were taken as not requiring a direct reply. It 
was interesting, but not unexpected, to learn of the difference 
in modulus of elasticity caused by variation in shape of the 
spherulites. It was known from some unpublished work in 
which one of the authors was involved that increased flake size 
in a constant matrix caused a definite decrease in modulus. 
This would lead to the expectation that lack of perfection of 
spherulitic shape would cause a decrease in modulus. 

It is agreed that the differences in silicon and copper con- 
tents would have a bearing on the properties. The authors used 
the iron-copper-silicon-magnesium addition agent only because 
we were informed that its reaction would be least violent. This 
was an important consideration from the safety standpoint, since 
the melts were made in an area to which many people had 
access while melting was being done. 


1 Assoc. Prof., University of Michigan, Ann Arbor, Mich. 

2 Technical Director, American Cast Iron Pipe Co., Birmingham, Ala. 

3 Asst. Mgr., Manufacturing Research Dept., Ford Motor Co., Dearborn, 
Mich. 
4 Prof. of Metallurgical Engr., University of Michigan, Ann Arbor. 








QUALITY CONTROL IN A MALLEABLE IRON FOUNDRY 


By 





E. F. Price* and O. K. Hunsaker* 


Statistical quality control, when employed in 
foundry operations, has many applications which will 
reduce scrap and rework and at the same time pro- 
duce a high quality casting. This is accomplished by 
controlling each phase of foundry operations and 
each step in the production of the casting through 
the use of control charts. When each operation which 
goes into making a casting is properly controlled, 
then the finished product is of good quality, and pro- 
duced with a minimum of scrap and cost. It is in 
this field of scrap reduction and customer rejects that 
quality control becomes a profitable tool for the 
foundry. 


Principles of Quality Control 


Three general types of charts are used in the appli- 
cation of quality control to foundry operations. The 
first of these is the frequency distribution curve, or 
the histogram. In this case the dimension, or unit of 
measurement, is plotted against the number of oc- 
currences, or frequency. Figure 1 shows such a fre- 
quency distribution for a 0.52 in. dimension boss of a 
casting. The normal curve is bell-shaped; if it takes 
any other form it is abnormal. Thé amount of varia- 
tion from the average, or center, of the curve (i.e., the 
width of the bell) is known as the dispersion. 

This dispersion is best calculated as the standard 
deviation, which is the root-mean-square deviation 
from the average, and is called sigma (c): 


where X is the individual measurement, 

X is the average of the group, 

n is the number of readings in the group. 
As shown on the curve, +1¢ represents 68.26 per cent 
of the area of the bell; +2¢ represents 95.46 per cent 
of the area of the bell; and +3¢ represents 99.73 per 
cent of the area of the bell. 

These frequency distributions are useful in deter- 


*Chief Inspector and Assistant Superintendent, respectively, 
Dayton Malleable Iron Co., Ironton Plant, Ironton, Ohio. 
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mining whether a dimension of a group of castings is 
normal, and whether the +3¢ limits (i.e., 99.73 per 
cent of the castings) are within the customer’s speci- 
fication. 

The second type of chart used is the X and R 
chart. In this case, the 3¢ limits mentioned above are 
converted mathematically and applied as upper and 
lower control limits. Figure 2 shows such a chart. 
Each of the individual points on the chart is an 
average of a group of readings. (In this case the size 
of the sample group is five.) This average is known 
as X. The difference between the highest and lowest 
reading of the group is called the range (R), and is 
plotted as a point on the range chart. The size of 


Fig. 1 
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Fig. 2 


the sample group can be varied according to the 
need. It should be noted that Fig. 2 is a combination 
of two charts, i.e., X chart and R chart, and plotted 
as shown because they are interdependent. 

The upper and lower control limits are calculated 
for every group of 20 points plotted on the X chart. 
These control limits may be calculated for any group 
size, or they may be calculated as permanent control 
lines, but they are most conveniently calculated as 
shown in Fig. 2, in groups of 20, as will be discussed 
later. In the calculation of the control limits the av- 
erage X for the 20 sample groups is calculated and 


called X. The average range for the 20 sample groups 
is calculated and called R. The following formulae 
are then used: 


X+A,.R = the upper control limit (U.C.L.) for X 
X—A,R = the lower control limit (L.C.L.) for X 


D,R = the upper control limit for the range 


D;R = the lower control limit for the range 

The constants As, Ds, and D, used in the formulae 
above vary according to the size of the original sample 
groups. For the original sample size of five pieces 
shown in Fig. 2 the value of these constants is: 


As = 0.58 
D; = 0.00 
D, = 2.11 


The physical and dimensional specifications of the 
castings are based on the customer’s requirements. 
When these upper and lower specification limits are 
plotted on the chart, the chart is complete. The di- 
mension is said to be in control if the points lie be- 
tween the upper and lower control limits, and the 
parts will meet specifications if the upper and lower 
control limits lie between the upper and lower speci- 
fication limits. 

The third type of control chart is the fraction de- 
fective or (p) chart. In using this type of chart the 
fraction of defective parts in a sample group is 
plotted on a chart as shown in Fig. 3. The fraction 
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defective (p) is calculated as the ratio of defective 
pieces found to the total number of pieces inspected. 
This type of chart can be used to record a wide 
variety of data economically. It can be used to record 
data collected in normal inspection methods, or in 
evaluating data that can only be observed as attri- 
butes. its best use in foundry operations is in evaluat- 
ing ‘lata obtained from the use of go and no-go gages, 
and casting defects found in visual inspection. The 
fraction defective may be converted to per cent de- 
fective by multipling by 100, i.e., 100p. 

Figure 3 is a typical (p) chart in which the frac- 
tion defective of the pins and bushings of a set of 
cope and drag flasks is recorded. The control limits 
are shown as heavy lines. They are calculated with 
the following formulae: 


Upper control limit for p (U.C.L.p)=p+3 {poe 
n 


Lower control limit for p (L.C.L.p)=p—3 qe 
n 

p is the fraction defective (ratio of defective parts to 
the total number inspected). 

p is the average fraction defective for the period for 
which control limits are calculated. (p is calculated 
as the total defective divided by the total quantity 
inspected). 

n is the size of the sample (i.e., the number of pieces 
in each sample lot). 

The three general types of charts mentioned above 
will cover most of the applications of quality control 
to foundry operations. 

Control of Raw Materials 

Control of raw materials is the first step in the pro- 
duction of quality castings. All raw materials should 
be purchased from reliable firms, and a system of 
checking the incoming material to specifications is 
essential. 

Foundry sand, whether ordered for the molding 
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sand system or for the coreroom, should be purchased 
to some specified grain distribution. When sand is re- 
ceived, a random sample is taken from the car, and a 
erain distribution is made in the sand laboratory. 
Figure 4 shows such a distribution made on incoming 
sand. The actual grain distribution is not so import- 
ant as the maintaining of a constant grain distribu- 
tion from one shipment to another. Too much varia- 
tion in grain distribution between shipments makes 
subsequent sand control impossible. When sufficient 
data are accumulated to show that a supplier consist- 
ently meets specifications, then the number of checks 
made on his sand may be reduced. 

In order to control pig iron, a sample is taken from 
each car of pig and silvery iron upon arrival and 
sent to the laboratory for an analysis for the follow- 
ing: chromium, manganese, silicon, phosphorus, car- 
bon, and sulphur. This serves as a double check since 
the vendor also supplies an analysis with each ship- 
ment. If the sample meets specification the car is 
unloaded. 

If there is an element which is outside of specifica- 
tion, that shipment is kept apart and fed into the 
charge in small quantities as the analysis of the melt 
permits. 

Scrap iron is difficult to control because of its in- 
consistent nature. Good scrap should meet chemical 
specifications, be of proper size for use and reasonably 
free of rust. In selecting his sample for chemical 
analysis the yard foreman must be familiar with the 
type of scrap he has been receiving, and must select 
pieces with which he is not familiar for special analy- 
sis. If the car contains a uniform load, such as a load 
of rail, three or four pieces are sufficient for a sample. 
If the load is mixed as many as 12 to 15 samples may 
be needed. 

As in the case of pig iron, any part of a shipment 
that is outside of specifications, but usable, is separ- 
ated and fed into the charge in small amounts when 
analysis of the melt permits. The supplier is then 
notified, so that this type of scrap will be eliminated 
on future shipments. If the scrap is not usable it is 
returned to the supplier. 

Coal and coke are ordered to chemical and physical 
specifications, and samples are taken periodically to 
insure that these specifications are being met. They 
are checked chemically for sulphur, fixed carbon, ash, 
and volatile. In addition to the chemical analysis the 
coke is checked for size and cell space. All the coke 
is screened for size. 

The limestone is also sampled for a chemical analy- 
sis. The following is a typical analysis of the stone 
used: 


Per Cent Per Cent 
SiO. 0.94 
Al.O, 0.34 
Fe.O, 0.78 
CaO 48.95 CaCo, 87.34 
MgO 5.07 MgCo, 10.60 
ignition loss 43.92 


(CO, 43.92) 


The limestone is selected for its purity. Stones high 
in silicon oxides, aluminum oxides, and iron oxides 
are rejected. 
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Melting Control 

In melting operations, the quality control charts 
make maximum use of the data available to the melt- 
ing foreman. When the chemical analysis, slag color, 
weather conditions, sprue fracture, and charging data 
are all plotted together in an orderly fashion, they 
present to the melting crew a clear-cut picture of 
what is taking place in their operations. 

Figures 5 and 6 show the melting charts for April 
27, 1950. These charts cover a duplex melting opera- 
tion of two cupolas and one air furnace. Figure 5 is 
the furnace control chart on which is plotted the car- 
bon, silicon, temperature, and allied data. 

The carbon content is checked every haif-hour, and 
the results are plotted on the charts as shown in Fig. 


5. Although this is not an X and R chart, each group 





Fig. 4 


of 10 successive readings is averaged for X and R. 
The upper and lower control limits are calculated for 
each group of 20 readings of X and R, and plotted 
on these charts as a guide for the operators. 

The silicon content is checked every hour and 
plotted as shown on the chart. The upper and lower 
control limits are calculated in the same manner as 
for carbon above. 

The manganese (bottom of Fig. 5) is checked every 
hour and the control limits are calculated in the same 
manner as for the carbon and silicon. 

The temperature of the air furnace is plotted as 
shown in Fig. 5. The lines at 2785 F and 2795 F are 
not control limits, but specification limits established 
from experience. 

The chart shown in Fig. 5 contains some additional 
information: the silvery iron additions to the air 
furnace are shown just above the silicon chart. The 
spiegel additions are shown just above the mangan- 
ese. The sprue fracture is shown at the top of the 
chart, and the melting data is recorded on the margin. 
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Figure 6 is the cupola chart covering the same per- 
iod as the furnace chart of Fig. 5. This is not a true 
quality control chart in the sense described earlier in 
the article. It does assist in the control of the melting 
operations, however, and in that respect it is a con- 
trol chart. 

In this chart the slag color is plotted against time 
for both cupolas. The slag color is listed as light 
green, dark green, and black. By running several 
hundred slag analyses taken from various conditions 
of melting it was possible to determine an approx. 
relation between color and chemical composition. 

The normal slag color was found to be light green; 
increased impurities, such as iron oxide due to oxidiz- 
ing conditions, caused the slag to turn dark. There 
are other factors in the melting operation, however, 
which affect the slag color, making it impossible to 
detect an oxidizing slag by color alone. When all 
other factors remain constant, it is not the color of 
the slag, but a change in the color which is indicative 
of oxidation. 

The cupola control chart also contains additional 
information: barometric pressure, weather conditions, 
relative humidity, and temperature are all plotted, 
not only because of their effect on melting operations, 
but also to serve as a record for future investigations. 

As an additional means of control, sprue blocks 
and test blocks are poured. Every hour a large 3-in. 
sprue block, a 114-in. sprue block, and an analysis 
block are poured. The large sprue block is checked 
for mottles, and these data are recorded opposite 
sprue fracture in Fig. 5. Twenty minutes later an- 
other small sprue block (114-in.) is poured and brok- 
en to determine its fracture. Forty minutes later a 
third small sprue block is poured, and another analy- 
sis block is poured to check for carbon. 

In addition, three test blocks are poured which are 
numbered for the hour poured, and put into the an- 
neal ovens ahead of the castings. When annealed, 
they are checked for Brinell hardness number and 
microstructure as a preview of what the iron to fol- 
low will be like after annealing. 

In the melting operations for April 27, 1950, the 
slag color darkened between 10:00 a.m. and 11:00 
a.m. and, since there was no apparent reason for the 
change, a 200-lb coke rebed was charged at 10:45 
a.m. The carbon, silicon, and temperature started 
dropping just after 11:00 a.m., and went out of con- 
trol until after 1:00 p.m. when the coke rebed began 
to take effect. By watching the slag and temperature 
closely, the foreman was able to rebed his cupolas in 
time to prevent a serious oxidizing condition. In 
general, these charts show very good control and 
maximum use of statistical quality control. 


Coremaking 

Since many of the critical dimensions of a casting 
are made by the core, a statistical check of the core 
box is the most direct approach to their control. The 
wear of a core box is very gradual, and for that 
reason the box is measured only once each day that 
it is in operation. Figure 7 is a typical control chart 
for a critical dimension made in a core box. This is 


not an X and R chart, but a simple plot of each 
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day’s measurement with upper and lower specifica 
tion limits drawn on the chart as a guide. 

The box is a three-part core box, and the dimen 
sion shown in Fig. 7 is made in each of the two bot- 
tom parts. The dimension for each part is plotted 
with a different symbol. In most cases a dimension 
made in a core box can only wear larger. Therefore 
the dimension should be made to the lower specifica- 
tion limit to allow for maximum wear before repai1 
or replacement is necessary. In Fig. 7 the box was 
made to the lower specification limit as shown in 
the first eleven readings. 

The dimension on the castings, however, did not 
conform to specifications, and it was necessary to 
alter the core box as shown by the 12th reading. 
There was no further change until the 73rd reading 
when the core box began to show wear. When a box 
begins to show wear it should be closely watched. No 
action is needed, however, until the upper specifica- 
tion limit is reached. The 65th reading shows a sud- 
den drop which would indicate that metal had been 
added to the box. This discrepancy, however, was 
found to be an error on the part of the inspector. 

In addition to measuring the core box, the in- 
spector examines the box for bad blow tubes, worn 
or loose pins and bushings, and other defects. 

After each operation such as blowing, baking, clean- 
ing, and pasting, a statistical sample is removed from 
the rack and checked by the inspector. The foreman 
is notified immediately of any discrepancies so that 
corrective action can be taken. 

After the cores are baked, a statistical sample is 
taken from the rack and checked for hardness. The 
results are plotted on an X and R chart. If the hard- 
ness of a core goes out of control, the foreman is 
notified so that he can check the sand mix and ovens. 


Molding Operations 

Quality castings can be made only from quality 
pattern equipment. Before the pattern equipment is 
put into production it must be made to the blue- 
print and properly gated to produce a sound casting. 
Sufficient samples must be made to check both of 
these conditions. When this has been accomplished, 
quality control is a good tool to use in keeping the 
equipment in condition. 

The pins and bushings on the pattern plate prob- 
ably receive more wear than any other part of the 
pattern equipment and, because they control cope 
and drag shift, they are checked four times a day, and 
the results are plotted on a (p) chart. Figure 8 is a 
(p) chart showing the fraction defective of pins and 
bushings for patterns on the lower conveyor. There 
are five cope and drag stations on this conveyer line, 
making a total of 20 pins and bushings, which is the 
basis for calculation. 

The pins and bushings are checked with a go and 
no-go gage, and the fraction defective plotted as 
shown. The foreman on this line is then notified, so 
that the defective pin or bushing can be replaced. 
When this chart was started, the fraction defective 
was as high as 0.80, and there was very little improve- 
ment for 60 sample checks. This condition was due 
to patterns being changed, and the new patterns 
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Fig. 9 


being put into operation with defective pins and 
bushings. This was corrected by checking the equip- 
ment thoroughly before putting it in operation. 

After the 60th sample number the chart shows very 
good control. The solid line at 0.20 was arbitrarily 
chosen'as the upper specification limit, and the later 
sample groups show that control can be maintained 
below this level. 

When the inspector is checking the pins and bush- 
ings, he also checks the equipment for loose risers, 
loose core prints, loose patterns, and visible defects. 
The foreman is immediately notified of any defects. 

The flasks are also checked for defective pins and 
bushings. Figure 3 is a (p) chart for defective pins 
and bushings for one of the 16 by 24 in. tight flask 
sets. Since there are 75 sets of flasks as compared to 
only one pattern, there is less wear on flask pins and 
bushings, and therefore they are checked only once a 
week. 

When these (p) charts are properly used, and 
prompt action is taken to correct defects, then the 
scrap loss due to shift is reduced. 

The molding sand is checked for permeability, 
moisture, bond and combustibles. A sample is taken 
every 15 min and the results plotted on an X and R 
chart. Each group of four is averaged for X and R, 
and the upper and lower control limits are calculated 
for every 20 groups. The only exception is the check 
for combustibles which is made four times a day. 
Figure 9 is the control chart for permeability, mois- 
ture and combustibles. 

The permeability is kept in control between 80 and 
100. The X chart for permeability shows several 
points out of control. This variation in X is due to 
improper use of the blower in removing the fines in 
the system. This condition was gradually improved, 
and fairly good control was maintained between the 
160th and 180th samples. Subsequent charts show 
even further improvement. As a further aid in the 
control of permeability, a screen analysis of the 
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foundry sand is plotted, and the frequency distribu. 
tion carefully watched for variations. 

The X and R chart for moisture in Fig. 9 shows 
good control. The moisture is held between 4 and £ 
per cent because of moisture loss due to the heat of 
the sand. 

The combustibles are held between 3 and 4 pe: 
cent. The X chart in Fig. 9 shows several points ou: 
of control because of insufficient mulling capacity to 
properly condition the sand. 

Hard Iron 

Hard iron inspection and quality control serve th 
purpose of finding defects in the castings as soon as 
possible, thus eliminating the expense of subsequent 
operations on scrap castings. A statistical sample is 
taken from the production of each pattern in opera- 
tion, and checked for critica! dimensions, core shift, 
pattern shift and core location, and is magnetic par- 
ticle inspected for invisible defects. 

Critical dimensions are checked closely so that any 
discrepancies can be corrected before large quantities 
of defective castings are produced. All critical core 
dimensions are checked in the hard iron, even though 
the core boxes are checked for the same dimensions. 
This serves a double purpose, since the core may 
settle and become out of round, or the box may have 
too much tape, resulting in oversize dimensions. 

Figure 10 is a control chart which shows an example 
of a critical core dimension which is also checked in 
a core box. The dimension checked is a cored dia- 
meter which must be not less than 1.725 in. because 
an arbor must pass through this diameter in the first 
machining operation. The heavy lines indicate the 
upper and lower specification limits, and the light 
lines indicate the upper and lower control limits. 
Starting with the 40th reading, each successive set of 
control limits shows that the dimension is getting 
larger. This actually reflects the core box wear. No 
action is required until the upper control line reaches 
the upper specification line. Then the box must be 
either repaired or replaced. 
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The calculation of the upper and lower control 
limits for every group of 20 points on a control chart 
gives a clear picture of what is happening in an oper- 
ation. For instance, the upper control limit reached 
the upper specification limit between the 80th and 
100th sample groups, showing that the box needed 
repair. The box was repaired and the result can be 
seen in the subsequent control limits. 

Figure 1] is the contro] chart for another critical 
core dimension which represents the distance between 
the turning-radius stops of a steering gear housing. 
The customer set the upper and lower specification 
limits as shown, but asked that the dimension be held 
as close as possible. 

The 13th sample is out of control on both the X 
and range charts due to crushed cores. It can also be 
noticed that there is a tendency for the dimension to 
grow. This is due to the fact that the two stops are 
in both halves of the core box, and the tape used to 
prevent blow-out sometimes gums up, causing the two 
halves of the box to spread. The control limits for 
samples between 140 and 160 show a slight drop be- 
cause a new box was put into operation. 

Figure 12 is an X and R chart for the 1.00 in. width 
dimension of a bearing cap. This dimension is con- 
trolled by the pattern and the molding operation. 
The specification limits are established by the cus- 
tomer, who coins this dimension in his first operation. 
This dimension went out of control on the 19th 
sample, and finally went out of specification on the 
21st sample due to swelled castings. 

In checking for the reason behind this condition, 
it was found that the patterns were to size and the 
sand was in control. The real cause was insufficient 
jolting on the part of the molder in an effort to in- 
crease his piece work. The pattern was made under- 
size on this dimension to compensate for the swelling 
effect, starting with the 33rd sample. 

Figure 13 is an X and R chart for pattern shift. 
In this case the upper specification limit is set at 0.035 
in. This chart shows very good control for cope and 
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drag shift. By carefully checking for shift in the hard 
iron, costly losses due to shift can be greatly reduced. 
Since a quality contro] check was started on the pins 
and bushings, not one casting made on the tight flask 
line has been scrapped for cope and drag shift due to 
defective pins and bushings. 

Every day a sample of five castings is taken from 
each pattern in operation, and checked for invisible 
defects on the magnetic particle inspection machine. 
This gives a fairly good check for hot tears, shrinkage, 
fine sprue ‘cracks, etc., which would normally pass 
visual inspection. If defects are found, scrap castings 
are broken to determine the exact nature of the de- 
fect so that immediate correction can be made. In 
addition, scrap castings are broken in an effort to 
locate any internal defects in the casting. 

At the end of each shift a special form is filled out 
listing each part number and the percentage of scrap, 
and listing the cause of such scrap. These forms are 
sent to the foremen so that action can be taken to 
reduce the scrap on the following shift. 


Annealing Control 


Before each heat of iron is out of the annealing 
ovens the test bars for that heat, which were poured 
hourly, have been annealed. Every bar is tested for 
Brinell hardness number, and samples are cut for 
microscopic examination. If the bars do not anneal 
properly, the oven cycles can be adjusted to accomo- 
date the iron, or the iron separated for special an- 
nealing. 

As the castings come out of the anneal ovens, five 
pieces are taken from each push for a Brinell hard- 
ness test. Figure 14 is an X and R chart for Brinell 
hardness for oven number one. The upper specifica- 
tion limit of 149 BHN is shown as a heavy line. There 
are a few points which are over the specification limit, 
and this iron was separated and re-annealed. 

Figure 15 is a hardness chart for the same oven, but 
the data are plotted for a later period. Whereas the 
control in both charts is good, the iron shown in Fig. 
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15 is much softer. This was brought about by closer 
melting control and closer control over the annealing 
ovens. 

There is a test bar in each push of iron which is 
broken to observe the fracture of the iron. These 
bars are placed in a rack for reference purposes. If 
the bars from one of the ovens begin to show bright 
spots when the bars from the other ovens look good, 
then that oven is checked to determine the cause for 
improper control. As an additional measure of con- 
trol, the temperature from each zone in the oven is 
plotted periodically on a chart as a check on the 
annealing cycle. 

The tensile bars, which are poured with every heat 
are annealed along with the castings, and after they 
are pulled, the data are plotted on an X and R chart. 


Figure 16 is the X and R chart for the percentage 
of elongation. The iron is grade 32510 malleable, 
which calls for a minimum of 10 per cent elongation, 
and therefore the lower specification limit is shown 
on the 10 per cent line. As an assurance that the iron 
will always meet specifications, the lower control lim- 
it is held at about 12.5 per cent. Samples 54 and 82 
are out of control due to defective tensile bars. 

The ultimate strength and yield point data are 


also plotted on X and R charts. 


Soft Iron Control 

In the soft iron department the gates are sheared 
and ground, and the castings cleaned. Since many 
gates appear on chucking or locating surfaces or mach- 
ining surfaces, they must be removed as closely as 
possible. A sample is taken of the castings at each 
grinder or shearing press to be checked for proper 
gate and fin removal. The results are recorded on a 
standard form and plotted on a (p) chart. The fore- 
man is notified immediately of any discrepancies and 
given a copy of the inspector’s report. Gates which 
are not located on control surfaces are merely checked 
for appearance. 

In the finishing department the castings are die- 
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straightened, given a final inspection, tested for leaks, 
and painted. As the castings are being straightened, a 
sample is taken for checking all critical die-controlled 
dimensions. These dimensions are plotted on an X 
and R chart as a check on the die. When the chart 
begins to show lack of control or failure of the dimen- 
sion to meet specification, then the die must be re- 
built. Figure 17 is an X and R chart for a locating 
boss of a casting. The initial upper control limit lies 
outside of the upper specification limit because of im- 
proper pressure on the die. 


Finishing Department Control 

After the 10th sample this condition was corrected. 
The upper control limit for the 100th to the 120th 
samples lies above the upper specification limit be- 
cause of excess metal due to a raised dowel pin in 
the pattern which was located in the center of the 
boss. This condition was corrected, but these cast- 
ings were mixed in the system, which caused the con- 
trol limits to rise between the 100th and 120th 
samples. This necessitated a 100 per cent gaging of 
all of these castings and the excess metal was ground 
off the boss before shipment. 

Figure 18 illustrates die wear. The first two samples 
are out of specification. The die was badly worn and 
a new insert put into the die, which resulted in a sud- 
den drop in X at the third sample. The change 
shown in the 106th reading resulted from a new pat- 
tern which was put into operation. These castings 
were put through the die separately, resulting in a 
sharp rise, as compared to the gradual rise shown in 
Fig. 17. 

The control limits were held along the lower speci- 
fication limits on the old pattern at the request of the 
customer because this dimension is coined in the first 
operation. As a result of an engineering change to 
the new pattern, it was not necessary to hold the di- 
mension to the lower specification limit. 

Figure 2 is an X and R chart for the 8-in. diameter 
of the pedestal legs of a differential carrier. This is 
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an unfinished dimension. The customer, however, 
takes a clearance cut for assembly purposes. This is 
an intermittent cut which is hard on the tools, and 
for this reason an effort was made to tighten the con- 
trol limits and hold the dimension as close as possible. 
By removing some metal from the pattern and ad- 
justing the die, the diameter was brought under closer 
control starting with the 80th sample reading. This 
change resulted in increased tool life in the customer’s 
plant. 

Before a new pattern is placed in production, about 
100 samples are poured for a survey of critical dimen- 
sions, and for each dimension a frequency distribu- 
tion is plotted. Figure | is a frequency distribution 
for the 0.52-in. dimension boss of a casting. The 
rough casting measures 0.62 in. because of 0.100 in. 
for finish. 

In this case the distribution is good and the three o 
limits will fall within the specification limits. When 
these surveys show that the dimensions are correct, 
the patterns are put into use for production purposes. 
These surveys are also helpful in checking for discrep- 
ancies the customer might find, for checking casting 
weights, and in determining the amount of metal to 
be added or removed from a pattern to make the 
casting dimension correct. 

Figure 19 is a control chart for core location. The 
casting is a differential gear case in which the cored 
dimensions must be held in close relationship to the 
pattern. When the castings are ready to ship they 
are given an outgoing quality check by gaging a sta- 
tistical sample from each box. 

The gage is made to the customer’s specification, 
with steps to show the actual position of the core in 
relation to the flange. These steps are numbered, and 
Fig. 19 is a histogram-type chart in which the gage 
steps are plotted against the frequency in each sample 
group. The upper and lower specifications are shown 
as solid lines. If there are castings outside of the spe- 
cifications, all of the castings in that box are checked 
with the gage. Charts of this type are particularly 
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well adapted to step gages, just as (p) charts are well 
adapted for use with go and no-go gages. 

In addition to checking a statistical sample for spe- 
cified dimensions as an outgoing quality check, the 
samples are also inspected for visible defects. This 
procedure serves as a final assurance that all opera- 
tions have been performed on the castings, and re- 
duces scrap in the customer’s plant. 

Differential carriers and castings of that type are 
all tested for leaks under air pressure. The castings 
are put under pressure and lowered under water so 
that the leaks are visible and readily located. A (p) 
chart is vsed to record the leakers. If one of the (p) 
charts shows a sudden increase in leakers, a survey 
is made to determine the cause and the exact loca- 
tion of the leak. Another item which must be care- 
fully watched is scrap. The total scrap is averaged 
weekly and plotted on a (p) chart. If there is an in- 
crease in the scrap, a survey is made to determine the 
reason, and corrective action is taken immediately. 

This same procedure is followed in controlling 
rework and welding. The success of the quality con- 
trol program depends upon producing a higher qual- 
ity casting with a lower scrap and rework, and for 
that reason it is imperative that any increase in scrap 
or rework be corrected immediately. A (p) chart is 
also used to record the scrap returns from the cus- 
tomer’s plant, and a survey made to investigate any 
increase in scrap shown on this chart. 

A large percentage of the castings must be painted 
to the customer’s specification. This is done by dip- 
ping the castings in a paint tank by means of a con- 
veyor. The paint in the tanks is checked periodically 
for viscosity and solids content. The viscosity is 
checked by means of a cup-type viscosimeter and 
plotted on an X and R chart. With this procedure 
the paint is always maintained to the proper speci- 
fications. 

As a further means of control the paint is checked 
for viscosity and solids content upon being received 
from the supplier, and the data recorded according to 
the supplier’s batch number. The thinner is checked 
for evaporation rate when it is received. If a ship- 
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ment of paint does not meet specifications, the sup- 
plier is notified so that proper action can be taken. 

As a final check on the casting, a routine layout is 
made of all dimensions. At least one casting from 
each pattern in production should be sent to layout 
every week for a complete check. 


Conclusion 

Statistical quality control is not new, and its suc- 
cess in manufacturing operations is well known. 
Therefore, its value in foundry applications should 
come as no surprise. Quality control is not a cure-all 
which will make good operations out of bad opera- 
tions, or good castings out of bad castings, but the 
charts will indicate when action should be taken to 
correct an operation or repair a piece of equipment. 
The charts merely indicate, they do not do the work 
of correcting. 

The success of the quality control program depends 
upon four factors: 


Fig. 18 


QUALITY CONTROL IN A MALLEABLE IRON FOUNDRY 


Fig. 19 


1. Collecting the proper data. 

2. Relaying the data to the proper authority for 
action. 

3. Prompt action as a result of this information. 

4. Close cooperation among all members of the 
organization. 

It is also necessary to have a clear understanding of 
the customers’ requirements as well as a thorough 
knowledge of foundry problems, so that the charts 
can be used to the maximum advantage. 
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DISCUSSION 


Chairman: A. A, Evans, International Harvester Co., Indian- 
apolis. 

Co-Chairman: Gro. VER Berke, John Deere Malleable Works, 
East Moline, Ill. 

Recorder: H. H. JoHNson, National Malleable & Steel Cast- 
ings Co., Sharon, Pa. 

T. L. Nuzum (Written Discussion):* In reading this paper, or 
any article dealing with Statistical Quality Control, I believe 
that the first impression is the necessity of teamwork of all 
departments working toward the ultimate goal. The best quality 
attainable in the finished product should be sold to the cus- 
tomer. 

This can be malleable castings or any other manufactured 
article. 

Therefore, management must be sold on the benefits to be 
derived from this program before it is started and see that 
interdepartmental cooperation is given to the Quality Control 
Department for satisfactory results. Good cores set in defective 
molds or defective cores set in good molds will both produce 
bad castings. Control charts showing proper evaluation of sand 
mixing, core making practices, and molding practices will point 
the finger to the cause of defective castings. 

Quality Control is not new, but Statistical Quality Control as 
we think of it today is new to many organizations. Control 
bands set up from practical experience in each of these fields and 


1 Pattern Engineer, Vendor Contact Repr., Salisbury Axle Works, Daga 
Corp., Fort Wayne, Ind. . 
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the operation held within these control bands will produce the 
desired results. Control band on charts can be opened or tight- 
ened as experience directs. 

At the conclusion of this article we are impressed with the 
necessity of understanding exactly what the chart indicates and 
taking corrective action to prevent a recurrence of the conditions 
that permitted the operation to go cut of control as shown by 
the chaic. 

I know of no better example of manufacture than a foundry 
with so many variables, that, with the proper knowledge of the 
control each department has over their part of the operation, 
the ultimate quality of the product can be predicted before cast- 
ings actually are completed. 

I have listened with interest to many speakers talking to our 
local Quality Control Society and one outstanding remark made 
by a prominent Works Manager for a large industrial plant in 
our city was to the effect that Quality Control consisted of 85 
per cent hard work, 10 per cent good judgment. and 5 per cent 
mathematics. I am bringing out this point for the reason that 
many of your people will be confused and annoyed before they 
start by the mathematics unless this is explained to them in 
detail. Charts and contro] limits should be set up by someone 
experienced in this work and familiar with the operation. The 
actual charting of the results in the lot selected to be inspected 
can be done by any careful inspector after he is properly in- 
structed. Care is necessary lest the chart be inaccurate and the 
decision made from the chart be wrong due to carelessness. 

It is also true that in many instances a speaker does not want 
to make public the particular troubles they are having in their 
plant, and therefore speaks in generalities rather than concrete 
instances of fact: In order to best illustrate to people not fami- 
liar with the work, it is necessary to take an operation with 
which they are familiar and go through the process together. 

We have found in our plant that it was surprising the interest 
taken by the men in our organization in a class organized to 
meet in our own plant and discuss our own problems freely. 
This class is free and is attended by foremen, inspectors, and 
operators alike. Attendance is not compulsory, but the response 
was so great that the one class had to be divided into five groups 
for better results and discussion. Classes are conducted by our 
Supervisor of Quality Control and Chief Inspector. 

We all know that castings in the true sense of the word are 
not to the blueprint. Therefore, it is of particular importance, 
as these co-authors have brought out, of the necessity of know- 
ing the physical and dimensional specifications required by the 
customer. These are then set upon charts with practical limits 
for inspectors to use. 

Each machine line has locating or starting points that must be 
kept uniform within certain tolerances, before castings will go 
down a production line satisfactorily. If by a periodic spot check 
castings when inspected fall within the contro] bands you can be 
certain they will be satisfactory to the customer. 

These locating points and machine lines are as varied as the 
equipment and methods of process used by the vendors of cast- 
ings in the malleable industry. 

For this reason I wish to insert here a statement that is well 
worth consideration when any new job is started. 

The buyer of castings should supply the proper representative 
of the foundry, marked prints of the casting to be purchased, 
showing locating points for the machine line on rough surfaces 
to start the machine work. When gages are used to check finish, 
core location, or any other pertinent dimension, these gages 
should be exactly alike. Made from the same tool drawings. 
A great deal of confusion can be caused by the vendor checking 
one way and the customer another. Both believing their method 
is right. This is corrected by the use of Quality Control methods. 
On new jobs, by close cooperation between vendor and customer 
these control band limits can be checked by experimentation 
until the correct answer is found. 

Another point to be brought out in connection with this same 
line of thought. If the buyer of castings knows where he will 
purchase these castings, the proper representative of the foundry 
should be contacted and their requirements as to type and de- 
sign of patterns, core boxes, and core driers when necessary be 
ascertained before pattern equipment is made. Pattern shops 
making pattern equipment should always be advised ahead of 
time, machine locating points on castings so they can give these 
locations particular attention as to uniformity. This is espe- 
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cially true when two or more patterns are made. To some this 
may seem to be a less of time, but men of experience will 
agree that this method will save both foundry and customer time 
and money. ‘ 

Our authors have made mention of the necessity of producing 
samples for the customer. These sample castings should be 
machined complete if possible. Otherwise a complete layout on 
surface plate is necessary. Inspection layout on surface plate will 
not tell the purchaser regarding interference in fixtures or some 
condition of this kind that may be very expensive to correct in 
the future. The surface plate check is not infallible. Machine 
castings in the line is to be desired if possible. This more 
directly effects the buyer but can also affect the foundry if any 
major change is necessary. It is then pointed out that the 
foundry after approval of samples have a definite responsibility 
of checking pins, bushings, patterns, and core boxes in their 
custody to maintain the quality represented by the samples. 

(Sample castings should if possible be produced under regular 
production conditions that can be duplicated in the foundry 
continuously.) 

For best results, the buyer of castings also has the responsibil- 
ity of furnishing to the foundry a periodic report on quality of 
castings received as they go through the machine line. There 
are many hidden defects you are all familiar with that can be 
seen only after machining. This we do at our plant. 

This also brings out the necessity not only for cooperation 
within the foundry organization for a Quality Control Program 
to be successful, but the more cooperation you can receive from 
the customer, the better are your chances for improving your 
product through Quality Control. 

These reports to the foundry show the quantity of good cast- 
ings machined versus number of rejected castings for each 
defect or cause for rejection. These reports. are sent at regular 
intervals to the proper foundry representative for their guidance 
in producing better castings in the future. 

I was pleased to note in the part of their thesis sub-titled 
“Finishing Department Control,” that when their sample lot 
continued to show a defect it finally became necessary to check 
this particular lot 100 per cent for this defect. 

It is stated by many speakers that “Quality Control” inspec- 
tion of anything by a sample from the lot is better than 100 per 
cent inspection. In many instances this is true. The monotony 
of the job sometimes will be the reason for rejected parts or 
castings going into the O. K. container. Some speakers have 
failed to state that if after resampling the lot one or more 
times and the results show the lot rejected, 100 per cent inspec- 
tion by either the buyer or vendor is necessary. 

The auhors have also mentioned weights as a method of 
checking castings. I can vouch for the fact that the individual 
weights on castings and maintaining a histogram type chart on 
these weights by part number may not only prevent your ship- 
ping the customer iron he does not want, free, when castings 
are purchased on a piece price, but will also warn you before- 
hand of possible scrap either in your foundry or in customer 
rejections. Control bands on the weight of castings will depend 
on the size of the casting and other peculiarities influencing the 
practical production of the casting in the foundry, 

In conclusion, I wish to state that this paper is instructive, 
and if the steps outlined at the end of the paper are followed by 
any organization, it will prove its worth. If properly done, it 
will save more money than the expense of the organization and 
operation of the department. This has been the experience of 
several organizations with whom I have come in contact in 
regular business activities. 

MEssrs, PRICE AND HUNSAKER (Reply to Mr. Nuzum): We be- 
lieve Mr. Nuzum brought one one very significant point and 
that is the close cooperation necessary between the customer and 
the foundry. When the customer gives the foundry regular 
reports on the number of castings machined, total scrap and 
causes of scrap, then the foundry has an excellent chance to 
correct invisible defects and dimensional discrepancies before 
these items can get out of control. By watching for a trend in 
the defects listed in these reports, large quantities of scrap 
castings can be avoided. 

Mr. Nuzum’s discussion on the subject of 100 per cent inspec- 
tion of all lots found to be defective by a quality control sample 
check is very good. 





MINERAL PERLITE AND ITS USE 


By 


IN THE FOUNDRY 


E. D. Boyle and H. R. Wolfer* 


Increasing emphasis on inspection and the develop- 
ment of new inspection tools have focused attention 
on shortcomings in castings. The more strenuous 
performance required has caused a number of fail- 
ures. By far the greatest number of service failures 
has been in castings operating under pressure. The 
reasons given by foundrymen are gassy material 
caused by improper melting or wet sand. Sometimes 
impurities or improper compositions are blamed, and 
shrinkage caused by inadequate feeding is determined 
to be the trouble. 

Research on gating and risering of castings indi- 
cates definite limitations upon the ability of risers 
to feed casting adequately unless great care is taken 
to position and proportion gates and risers. 

It has been established that the critical temperature 
range of a casting is in cooling from the liquidus to 
the solidus temperatures (Fig. 1). All shrinkage de- 
fects in cast materials occur at this point. 

Three types of insulation material have been used 
in this work—gypsum, diatomaceous earth in a sin- 
tered form, and mineral perlite. Gypsum presents the 
problems of moisture pick-up and possible sand con- 
tamination. Diatomaceous earth, in a sintered form 
and bonded with bentonite, worked satisfactorily but 
does not have the insulation qualities which min- 
eral perlite has on non-ferrous castings. 

Perlite is found in several areas in the western 
states. The crude gray or greenish volcanic rock 
called perlite is found in all western states; Arizona, 
New Mexico and Texas are the greatest producers. 
Geologists have placed the formation of this volcanic 
series as presumably occurring during the Tertiary, 
or third age, of the World’s creation. 

Perlite is an obsidiary from the felsitic rhyolite 
family. The material need not be rhyolite, but should 
be a siliceous or acid lava, and contain 2 to 5 per 
cent water still in solution in the rock. On quick 
heating to the softening temperature, the material 
puffs due to the conversion of the contained water 


* Master Molder and Quarterman, respectively, Puget Sound 
Naval Shipyard, Bremerton, Wash. 

Note: The opinions expressed in this paper are those of the 
authors, and do not necessarily reflect the views of the Navy De- 
partment. 
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into bubbles of steam. Quick heating is essential to 
get usable expanded perlite products. 

The suitable temperature range for puffing must 
be determined for each raw material, and will vary 
from 1600 to 2600 F. If heated to the lower end of 
the temperature range only, the material will be but 
slightly puffed, and therefore have low bulk density 
but high strength. The expansion is greater when 
the material is heated to higher temperatures and is 
greatest near the point when it tends to become 
molten. If the material is heated to the point where 
it can partly liquify, gas escapes and the granule 
shrinks. If the perlite is fully melted, all gas will 
escape and a dense slag is the result. 

Proper particle sizing is important in the produc- 
tion of an expanded aggregate. Perlite rock is actually 
a type of glass which shatters easily, thus producing 
excessive fines. There has been no known market for 
these excessive fines up to the present time. Analyses 
of processed perlite and sintered diatomaceous earth 
are shown in Table 1. 


Experimental Perlite Applications 


Risers should be covered with the powdered per- 
lite to approximately 3-in. thickness. In non-ferrous 
practice, most of this material can be reclaimed and 
used several times—this makes for an inexpensive in- 
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Fig. 1—Typical time vs. temperature cooling curve for a 
metal. 
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sulation. Where the ultimate in shrinkage control is 
desired, a collar of this material is used in the form 
of a core. 

The insulation mixture is as follows: 20 lb grade 
‘0’ perlite; 2 lb dextrine; 2 qt asbestos shorts; 4 Ib 
No. 107 resin; 18 per cent moisture (4 qt water). 

The perlite, dextrine and asbestos should be mixed 
dry for 1 min; water added and mixed | min. Col- 
lars must be rammed firmly. Coreboxes must be 
coated with kerosene for parting. Collars should be 
vented for proper drying. Baking for 2 hr at 250 F 
gives best strength for handling. 

Another more satisfactory collar mixture is as fol- 
lows: 25 qt grade “0” perlite; 2 qt proprietary cem- 
ent; 1 qt bentonite; 5 qt water. Mix dry ingredients 
in machine. Add water in a small amount to keep 





Fig. 2—Billet castings poured of navy valve bronze in the 

same mold and fed through the same gating system. “A” 

was uninsulated; “B” was molded with insulating perlite 

covering “C.” Thermocouples were inserted in tops of 
billets. 


material from rising due to the convection currents 
set up in the action. After 1 min of mixing, add the 
remaining water and mix for 3 min. 

Collars must be rammed firmly. This mixture does 
not adhere to corebox. Bake for 4 hr at tempera- 
ture of 350-450 F. 

A wooden core box is used to ram the sleeve core 
for risers up to 6-in. diameter. For risers of 6-in. 
diameter and up, a light sheet metal form is used on 
the outside area. The sheet metal form remains on 
the core and is rammed up in the mold. The authors 
use metal container cans for this operation. 

Thickness of insulation collars on non-ferrous risers 
varies. On risers of 4-in. diameter and under a 1-in. 
thickness is sufficient; 4 to 6-in. diameter riser, 114- 
in, thickness; 6 to 8-in. diameter, 2-in. thickness; 8 to 
10-in. diameter, 3-in. thickness. This formula was 
established by experience. 

To determine the benefits of insulation, two billets 
514 in. in diameter and 6 in. long were cast in the 
same mold, poured through the same gating system. 
Thermocouple tubes were inserted in the tops of the 
two billets. The billets were bottom gated and poured 
at 2140 F of Navy standard valve bronze (Fig. 2). 

While pouring the insulated billet reached a peak 
of 1980 F; the uninsulated billet reached a peak of 
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1940 F. Over a period of 2 min the temperature of 
the uninsulated billet dropped to 1850 F, the in- 
sulated billet taking 4 min to reach the same tem- 
perature. The uninsulated billet then held at 1850 
for 3 min, while the insulated billet held for 5 min, 
making the total advantage at this point for the in- 
sulated billet a matter of 4 min. At the 1830 F point 
the insulated billet had another advantage of 6 min. 

Two operating cylinder bonnets of navy valve 
bronze were then molded exactly alike, except that 
the riser over the heaviest section formed by the junc- 
ture of the cylinder bore, gland bosses and strength- 
ening brackets was insulated in one mold and not in- 
sulated in the other mold (Fig. 3). The riser in 
which the hot junction of the thermocouple was in- 
serted was 33% in. in diameter at the top and 37% in. 
in diameter at the bottom, and 514 in. high. The un- 
insulated riser was the same in all dimensions. 

Both castings were poured from the same ladle of 
metal. Pouring temperature was 2150 F. The in- 
sulated riser was covered over with powdered per- 
lite to a depth of 1 in. Both molds were poured to 
the same height and, after solidification, the general 
level of the top of the riser which was insulated was 
34, in. lower than that of the uninsulated riser. 

Both risers reached 1900 F, a drop in temperature 
of 240 F at the riser areas. In 2 min the uninsulated 
riser dropped to 1830 F, which was considered the 
solidus temperature range. The insulated riser re- 
quired 6 min to drop to the 1830 F, which means 
that the casting benefited by having a molten riser 
for an extra 4 min. 

Aluminum manganese bronze rail slides were cast 
in both 12 and 14-ft lengths. Figure 4 shows gating 
and risering for the two castings. The bottom gating 
system introduced metal into the mold without tur- 
bulence. The collar on center riser is cut away to 
show the amount of shrinkage which occurred in the 
riser. Also shown in Fig. 4 is a top view of the riser- 
ing of the slide. The small risers over the 114 in. 
diameter bosses did not need collars as they were 
covered with the bulk mineral perlite. 

Figure 5 is a close-up of the center riser shown in 
Fig. 4. Metal was poured to the top of the collars. 
Metal in the risers shrank 114 in. to the height shown. 
The height of the boss riser in the background re- 
mained the same as when poured, a piping action 
taking place in these small risers. 


TABLE 1—-ANALYSES OF PROCESSED PERLITE AND 
SINTERED DIATOMACEOUS EARTH 

















Per Cent 
Processed Sintered Diatom- 
Component Perlite aceous Earth 

SiO, 74.22 84.9 
Al,O, 12.52 6.1 
Fe,O, 0.94 3.8 
CaO 0.84 3.3 
MgO 0.14 1.6 
Na,O 2.68 

Sodium Trace 
Boron Trace 
Titanium Trace 
Loss on Ignition 4.85 
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Fig. 3—Cylinder castings poured of navy valve bronze. 
Center riser of casting at left had insulating perlite collar. 
Riser on casting at right was not insulated. 


Sectioned risers taken from the slide casting are 
also shown in Fig. 5. The insulating collar of the 
riser at the left was made of diatomite and covered 
with powdered diatomite. Slight piping and second- 
ary shrinkage occurred throughout the riser. The 
center riser collar was made of perlite, and powdered 
perlite was used for covering, resulting in even shrink- 
age and soundness for this riser. Several castings 
were made of this type. The riser to the right shows 
the ultimate saving in riser metal used. The riser 
height was cut one third without impairing metal 
control. 

A manganese bronze casting (Fig. 6) was poured 
with a perlite knock-off core and 2 in. of powdered 
perlite on the top of the riser. The insulating core 
covered the thin sections of the casting, helping to 
keep the metal liquid enough to feed through to the 
heavy boss section. 

A catapult piston head casting of aluminum-man- 
ganese brone is shown in Fig 7. Gating was designed 
to permit filling of the mold without turbulence and 
dross formation. The 10-in. diameter top riser was 
surrounded by an insulating collar of perlite and 
covered with the powdered perlite. This riser had no 
piping, the metal shrunk evenly. 

Figure 8 shows a catapult piston cast in mangan- 
ese bronze. ‘The top riser, 12 in. in diameter, was 
surrounded by an insulating collar of perlite and 
had a powdered perlite covering. Arrow on riser in- 
dicates top of casting where rim will be machined 
off. The casting weighed 650 lb, and the riser 180 Ib. 

The mineral perlite has been used in the Puget 
Sound Naval Shipyard Foundry as a main ingredient 
of insulating collars for promoting feeding in non- 
ferrous risers. The cement-bonded collar core mater- 
ial after being used once in the non-ferrous foundry 


Fig. 4—Top—Aluminum-man- 
ganese bronze rail slide cast-' 
ings, bottom-gated to avoid tur- 
bulence. Perlite collar on center 
riser cut away to show shrink- 
age. Bottom—Top view show- 
ing even shrinkage in risers. 
Small risers did not have collars, 
All risers had perlite top cover. 


MINERAL PERLITE AND ITs USEs IN THE FOUNDRY 


is then ground up and used as insulation covering 
for the steel risers. The cement immediately forms « 
slag and holds the perlite down, forming an exce! 
lent insulation cover. The insulation materials forn 
a glasslike slag which follows the shrinkage down 
When collar material is not availiable, a mixture ol 
one part cement to five parts perlite is used. 

In pouring stainless steels from an open ladle, th: 
powdered perlite is used as a covering over the molt 
en metal. It forms a molten slag which adheres to 
all slag on the ladle. 

When steel is poured into a bottom-pour ladle, on 
shovelful of powdered perlite is placed around the 
stopper rod. This prevents the slag from holding th« 
rod up due to freezing around the sleeve. A heavy 
slag often causes difficulty in stopper rod release. 


Perlite Uses in Molding Sands 


The foundry industry fully realizes the importance 
of sand control. Competition from many sources 
made foundrymen surface conscious. The sand con- 
trol problems presented through research show the 
necessity for a cushioning material to take care of the 
expansion of the silica sand at the critical 1000 F 
temperature range. The following materials have 
been used as cushioning agents: iron Oxide; bark 
flour; wood flour; rice hulls; corn cobs; and sea coal. 
Perlite should be added to this list. The authors have 
found that it excells any of these materials. 

The authors developed a facing for bronze plaques. 
consisting by volume 50 per cent of perlite and 50 
per cent Albany “0” molding sand. This sand pos- 
sessed high green compressive strength when temp- 
ered to a moisture content of 10.4 per cent. Table 2 
shows typical test data on this sand. The ability of 
this sand to produce exceptional detail on plaques 
and other broad, flat surfaces, especially when 
rammed to a high mold hardness, suggested the pos- 
sibility of incorporating this toughness in a facing 
material for machine molding of bronze flanges rang- 
ing up to 60 lb in weight. 

The naturally bonded Albany “0” sand used in the 
brass foundry tested as follows: Mix No. 1—sample 
weight, 170 grams; moisture, 7.0 per cent, green com- 
pressive strength, 5.5 psi; permeability, 14; deforma- 
tion, 0.015 in. This sand mixture produced cutting 
and scabbing defects in the heavy Navy B-176 modi- 
fied flanges when poured in green sand molds. Addi- 
tion of 1 per cent by weight of western bentonite 
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Fig. 5—-Above—Close-up of center riser shown in Fig. 4. 
Coilar height was 35 in. Metal poured to top of collars. 
Riser shrinkage was 11/2 in. Right—Sectioned risers from 
guide rail casting (Fig. 4). Riser on left had diatomite 
insulating collar and cover of powdered diatomite. Center 
riser had perlite insulating collar and cover of powdered 
perlite. Riser at right had same insulation and covering 
as center riser except that it was poured only two thirds 
as high and still fed the casting. 


(mix No. 2) raised the green compressive strength 
but did not correct the scabbing tendency. 

Tempering this sand to its optimum green strength 
produced excessive deformation which produced 
straining in the mold and rough surface defects due 
to poor flowability and stickiness. 

Use of 1 per cent by weight of bark flour in addi- 
tion to the bentonite (mix No. 3) produced castings 
without scabs or cuts, but x-ray examination showed 
evidence of defects caused by gas evolution during 
pouring. Although the bark flour gave greater re- 
sistance to heat shock and eliminated high hot 
strength defects, the low permeability of the sand 
did not allow for ready escape of the extra gas pro- 
duced by this additive. Representative test values for 
these mixtures appear in Table 2. 

To produce a sand of high green strength, tough- 
ness and good flowability, a sand that could be used 
by semi-skilled labor on the molding machine unit 
with consistent results, the following mixture was 
tried: Brass Facing No. 10—250 lb Albany “0” sand 
(tempered to 6.0 per cent moisture); 8 lb western 
bentonite; 12 lb grade “0” mineral perlite. 

Ingredients were mulled together 8 min and dis- 
charged from the mill through an aerating unit. No 
additional water was used. Final moisture reading 
was 6.4 per cent. It was reasoned that this higher 
reading was due to the change in density caused by 
the addition of the mineral perlite which weighs 
approximately | Ib per gal. 

Mixture No. 10 containing perlite can be molded 
with good results with moisture content ranging from 
6.0 per cent to 9.0 per cent, and over a mold hard- 
ness range from 30 to 80, depending on the ferro- 
static pressures encountered. 

To determine resistance to spalling, standard 
rammed sand samples, 2 in. in diamter by 2 in. high, 
were inserted in a hot furnace at about 2000 F and 
held for 314 min. Samples of sand No. 1, Albany 
“0” without additions, showed cracking at the end 


of 1 min exposure and definite spalling 14 min later. 
After cooling to room temperature these samples 
could not be handled without sloughing of the outer 
shell. 

After observing beneficial effects of the mineral 
perlite additions to the naturally bonded non-ferrous 
molding sand, it was decided to investigate its effect 
on a synthetic silica sand for molding steel castings. 
The following mix was standardized: 1000 lb Ottawa 
silica sand, A.F.S. No. 57; 50 Ib silica flour; 45 Ib 
bentonite; 10 Ib fireclay; 9 lb dextrine gums; 12 Ib 
perlite grade “0”; moisture 4.8 per cent. 

Standard 2 x 2-in. specimens were rammed and 
placed in a furnace at 2000 F for 314 min. Specimens 
containing perlite showed less change from heat shock 
than the other facings tested. Especially noticeable 
was the absence of shell separation on specimens 
made from the perlite mixture. In fact, some speci- 
mens tested in the furnace immediately after ram- 
ming (no air drying took place) showed complete ab- 
sence of outer shell separation and, when broken by 
a sharp blow, these specimens fractured through 
planes cutting the central axis without loosening the 
outer shell (Fig. 9). 

Dip tests were made with the perlite mix and the 
standard facings used in the steel foundry. Samples 


TABLE 2—TEstT PROPERTIES FOR SAND Mixtures Usep 





Green De- 

Sample Compressive forma- 

Weight, Moisture, Strength, Perme- tion 

Moisture No. grams, % psi ability in./in. 
No. 1 Albany “O” 

(no additicns) 170 7.0 5.5 14 0.015 
No. 2 Albany “O” 

(1% western bentonite) 170 7.0 7.5 10 0.016 


No. 3 Albany “O” plus 

1% bentonite plus 

1% bark flour 170 7.0 9.5 10 0.018 
No. 4 Albany “O,” 250 Ib, 


bentonite, 8 Ib 170 6.0 12.5 12 0.022 
Plaque Facing 155 10.4 7.6 0.018 
No. 10 Albany “O” 

plus bentonite 

plus perlite 155 6.4 11.0 12 0.018 
No. 11 Albany “O” 

plus bark flour 170 6.0 75 10 0.012 


No. 10 Albany “O” 

plus bentonite 

plus perlite 155 8.2 12.7 12 0.020 
No. 10 Albany “O” 

plus bentonite 

plus perlite 155 62 11.5 ll 0.022 
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of the perlite mix showed slightly more wetting of tirely with the perlite facing. Results were consisten: 
the surface by the metal on prolonged immersion from heat to heat on this and other steel castings 
than did the other samples. Fewer cracks were Examination of the sand-metal interface showed a 
formed on the surface of the perlite specimens after shell formation over the entire surface of the mold 
repeated immersion and withdrawal. where it contacted the casting. These castings al! 
The steel facing containing perlite was first used showed a smooth coating of blue oxide on the sur 
on the cope half of a mold for a 2000-lb stockless face. This coating was thin over the lighter sections 
anchor. This casting previously required consider- of metal, becoming heavier over the heavy sections 
able chipping to remove burned-on and penetrated Variation in thickness of this oxide scale coating on 
sand at the junction of the flukes and the body on the casting closely paralleled the variation in thick- 
both cope and drag surfaces. Deep veining also oc- ness observed in the shell formation of mold surfaces. 
curred at this spot with the standard facing contain- Figure 10 shows two cast steel arresting gear covers, 
ing 10 per cent silica flour. 25 in. in diameter, weight 80 lb. Cover “A” was 
This casting showed the same penetrated condi- poured in a mold faced with standard steel sand, and 
tion on the drag face that was present on the other the casting showed buckle and scab defects. Cover 
two anchors from the same pattern and poured from “B” was poured in mold faced with steel molding 
the same heat of steel. The cope face of the anchor sand containing perlite to counteract expansion de- 
which had been faced with the perlite mix was quite fects on flat surface. 
different. Most of this face peeled in the shakeout. A number of heavy steel gate valves were cast with 
The only sand adhering was in the area where pene- the perlite mix facing. These gate valves have 4-in. 


tration was expected, and this area was clean when thick flanges and require 2400 Ib of steel to pour. 
the casting came out of the shotblast. The sand peeled readily from these valves. The fillet 

Subsequently, all remaining anchors were cast en- areas around the heavy flanges, always subject to 
metal penetration and deep veining on previous casts, 
peeled perfectly when cast with the perlite mix. Fig- 
ure J]1 shows one of these valves with only a light 
shotblasting to determine whether metal penetration 
had occurred. 

Examination of the shell coating, which is blue- 
black in color, showed it to be fairly strong but 
brittle; samples of greatest thickness (3% in.) being 
strongest. 

Under the microscope at 50 diameters the sand 
grains at the sand-metal interface still retained their 
identity and orientation. They appeared to be coated 
with a silvery film of iron oxide scale. Random pits 
were observed in the otherwise smooth and continu- 
ous sand surface. The surfaces of these pits were 
fe '. -—-e made up of quartz grains of very jagged and distinct 
Ritsiias a | outline. No sign of fusing could be detected. Some 











Fig. 6—Manganese bronze lifting pad casting sectioned to 
show (lower portion) casting contour and (upper portion) 
the riser and insulating perlite knock-off core in place. 
The riser was covered with 2 in. of powdered perlite to 
maintain metal fluidity and promote feeding. 


Fig. 7 (left)—-Aluminum-man- 
ganese bronze casting (weight, 
200 Ib) had 10-in. diameter 
top riser (weight, 130 Ib) with 
perlite insulating collar and 
powdered perlite top cover. 


Fig. 8 (right) — Manganese 
bronze casting (weight, 650 
lb) had 12-in. diameter top 
riser (weight, 180 Ib) with per- 
lite insulating collar and pow- 
dered perlite top cover. Arrow 
indicates top of casting where 
riser will be machined off. 
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Fig. 9—Standard 2-in. rammed specimens of Albany “O” 

naturally bonded sand after 31/2 min in furnace at 2000 F. 

Specimen “A” had no additions. Specimen “B” had addi- 
tions of bentonite and mineral perlite. 


pits contain crystalline quartz masses, white to trans- 
parent in color, contrasting with the main body of 
sand grains which appear to be coated with a semi- 
transparent vitreous material. 

Samples of this material were sectioned transverse- 
ly, then mounted and polished for microscopic exam- 
ination. Under polarized light at 50 diameters mag- 
nification the material appeared to consist of ordinary 
quartz grains in no way changed by the heat of the 
casting. No evidence of cementing was found except 
a few random needles of glasslike character. Infiltra- 
tion of slag could not be substantiated. 

Examination by electron diffraction indicated a pre- 
dominance of alpha quartz. Investigation is being 
continued to determine whether fayalite has been 
formed. 

Samples tested with a strong magnet showed slight 
attraction on the sand-metal interface, but when this 
was freed of all oxide scale no attraction was appar- 
ent. In no case was metallic iron found present ex- 
cept in an occasional isolated globule. 

Silica (SiO,) is the main component of molding 
sands, due to its availability and its high fusion point. 
The expansion characteristics of silica have been 
carefully studied. Silica will expand more than | 
per cent in length when heated to 1500 F. The ex- 
pansion characteristics of silica can be changed only 
by fusing. This is obviously impractical for foundry 
sands. The only practical way that expansion char- 
acteristics of molding sand can be changed is to alter 
the composition of the material surrounding the sand 
grains or to change the grain size distribution of the 
sand. 

Samples of the fused silica molding sand were re- 
moved from the steel castings to determine the per- 
centage of metallic iron and iron combined in oxides. 
The results are shown in Table 3. The analysis 
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shows that an iron oxide fusion occurs between the 
casting and molding sand. 

Large samples from fillet areas where veining and 
fissuring to a depth of 54 in. had been encountered 
with previous sand practice showed no defects. Close 
observation of the sand surface in those areas showed 
distinct lines of demarcation indicating that the 
forces tending to cause this type of defect did exist 
in this area but did not cause rupture sufficient for 
the metal to enter into the sand. The dark lines may 
be due to infiltration of oxide in these lines of fault, 
or to concentration of a cementing material. 

Samples peeled from extremely heavy sections of a 
casting show a greater number of larger pits such as 
described previously. In all cases these are isolated 
from the metal of the casting by a heavy layer of 
iron oxide scale. It is supposed that these pits are 
formed after skin formation has taken place and are 
the results of solution of some quartz grains in a 


TABLE 3—IRON CONTENT IN FuSsED SAND 








Iron Iron 

(metallic), (oxide), 

Sample % by wt. % by wt. 
No. 1—Unfused sand 0.00 0.05 

No. 2—Unfused sand from 

large fused piece 0.00 0.12 
No. 3—Large fused piece 0.27 14.0 
No. 4—Small fused pieces 0.09 9.3 





chemical reaction with the iron oxide scale. This 
oxide, and possibly fayalite or other products, may 
remain longer in a molten or reactive state in those 
areas of maximum heat concentration, and therefore 
cause more transformation of the sand face even 
after solidification of the casting. 

The use of perlite as a cushioning agent in non- 
ferrous or Albany sand is shown in Fig. 12. Dimen- 
sions of the larger bronze plaque are 2614 x 39 x \4- 
in. thickness. This casting was made in gun bronze 
poured at 2400 F. The metal was melted in a lift 
coil induction furnace. The green sand facing con- 
sisted of equal parts by volume of Albany sand and 
perlite (1 gal Albany sand “0”; 1 gal grade “0” min- 
eral perlite; 5 oz bentonite; 1 pt water). The labora- 
tory test results on a 160-gram sample were: moisture, 
10.4 per cent; compressive strength, 8.6 psi; permea- 
bility, 10.0; toughness, 33.5. 

Some foundrymen may say that it is impossible 
to obtain good results with such high moisture, tough- 
ness of 33.5, and such low permeability. The writers’ 
opinion is that perlite, being globular and hollow in 


Fig. 10 — Cast steel gear 
covers (25-in. diameter, 80- 
lb weight) were poured in 
molds with “A” standard 
steel sand facing, and “B” 
steel sand facing containing 
mineral perlite to eliminate 
buckle and scab defects on 
the flat surface. 
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Fig. 12—-A green sand facing mix- 

ture—equal parts of Albany sand 

and mineral perlite—was used in 

molding these gun bronze plaque 
castings. 


structure, allows for the easy escape of the created 
gases. The facing mixture was riddled over the pat- 
tern surface for an approximate depth of 2 in., and 
the heap sand was placed over this with snug ram- 
ming. The pattern was withdrawn and the mold 
closed with no additional finish. The molding time 
for this plaque was 3 hr. The old method called for 
special facings, return of pattern to mold, and a skin 
dry taking 6 to 8 hr, the result then not being as 
satisfactory as in green sand. 

A comparatively large magnesium-aluminum cast- 
ing is shown in Fig. 138. The metal composition was 
10 per cent magnesium and the balance aluminum. 
The cleaned casting weighed 400 lb. The inside of 
the housing casting was of a very intricate nature, 
having a housing cast within and heavily ribbed. 
In order to control directional solidification it was 
necessary to maintain riser fluidity for a maximum 
time. This was obtained by insulation, the top risers 
had a collar of mineral perlite, and every riser was 
covered with 3 in. of powdered perlite. 

In making an aluminum casting with 10 per cent 
magnesium it is essential to add inhibitors to the 
molding sand. Preliminary test specimens were cast 
in the regular molding sand, and several with the 
perlite addition used as an inhibitor. The test bars 
made without the perlite addition had black or dark 
surfaces and the fractured metal showed a marked 
discoloration, while those cast with perlite in the 
sand had a bright sheen. 

The following charts show results obtained by using 
the Navy Standard test bar cast in each sand mixture: 








Test Time after Tensile Yield 

Bar quenching, Strength, Strength, Elongation, 
No. hr psi psi % in 2 in. 
19 45,250 29,000 11.72 
2 1814 45,000 28,500 12.5 
a 48 46,500 29,500 12.5 
4* 48 50,000 30,000 15.6 
50° 19 39,887 28,600 7.05 
gee 19 39,200 25,800 9.38 
tia 48 36,800 27,500 6.25 
gee 48 40,746 26,400 11.7 


* Cast in perlite sand mixture. 
** Cast in standard molding sand mixture. 
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The writers feel that the cause of failure of the last 
four tests was due to the lack of mineral perlite in 
the sand. 

The molding sand mixture was as follows: 300 Ib 
fine silica sand, A.F.S. Fineness No. 69; 10 ib benton- 
ite (western); 2 lb dextrine gums; 10 lb perlite No. 
“0”; 114 lb pitch. 

The molding sand tests: moisture, 3.8 per cent; 
green compressive strength, 5.2 psi; permeability, 105; 
deformation, 0.032 in./in.; air dried strength, 228 psi. 

Aluminum ingot (220.T.H.) was melted in an oil- 
fired crucible. Dry nitrogen was introduced through 
the metal for a 15-min. period. 


Perlite in the Coreroom 


Perlite has been incorporated in all core mixtures. 
The amount of perlite in the mixture was gradually 
increased until penetration and veining disappeared. 
The mixture used for heavy steel and non-ferrous 
castings is as follows: 300 Ib old silica sand; 300 lb 
new silica sand, A.F.S. Fineness No. 48; 7 lb benton- 
ite; 5 Ib perlite; 2 gal linseed oil; 5.5 pct moisture. 

Silica flour has geen gradually eliminated from the 


Fig. 11—Drag half of steel valve cast with perlite mix 
facing after shakeout and light shotblasting. Cleaned 
weight, 920 Ib. 
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foregoing mixture. This mixture has shown better re- 
sistance to penetration. Also, hot strength was ade- 
quate. 

Perlite in the amount of 4 per cent by weight is 
used in mixtures for small cores for steel and non- 
ferrous castings. 

Core-blowing mixtures containing 14 to | per cent 
perlite are used. Mixtures of higher green strength 
than ordinarily used can be blown easily with perlite 
in the mixture. Silica flour in hot-top and breaker- 
core shapes has been gradually displaced by perlite 
in the mixture. Downgates, channel cores and run- 
ner cups, with perlite up to 1 per cent by weight, 
have demonstrated better resistance to erosion when 
used in the steel foundry. The surface next to the 
steel develops a glaze of greater depth than formerly. 
No cutting or eroding has been found even in the 
most severe applications. 

One pound of perlite (ground to pass the 200- 
mesh sieve) per 100 Ib of dry materials is used in 
compounding a mold and core wash. This wash ex- 
hibits good hot plastic qualities. 


Summary 


Ways in which perlite can be used in the foundry: 
1. Insulation—Collars, powder in riser covers, pads 
on thin sections enabling the riser to feed through. 

2. Use in all molding sands. 

3. Use in core sands (especially beneficial in the 
core-blowing mixtures). 

4. Inhibitor for molding sand. 

5. Ladle covering (powdered). 

Hygiene factors concerning the use of mineral per- 
lite have been studied thoroughly. The industrial 
hygiene report states that: 

a. In contact with moisture, perlite is slightly al- 
kaline. 

b. Screen analysis showed that a considerable pro- 
portion of the material was smaller than 60 mesh, 
about 19 per cent being less than 200 mesh. 

c. Petrographic examination with plane polarized 
light indicated absence of free silica. This was con- 
firmed by chemical analysis which showed less than 1 
per cent free silica. 

d. Microscopic examination of the 200-mesh mater- 
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Fig. 13—Large aluminum, 10 per cent 
magnesium casting in which riser 
fluidity was maintained by the use of 
mineral perlite insulating collars on 
the top risers, and 3-in. coverings of 
powdered perlite on all risers. Cleaned 
casting weight, 400 Ib. 


ial was made. These fine particles have the appear- 
ance of shattered glass, having sharp corners. 

It is concluded from the foregoing and from other 
sources of information that perlite is primarily com- 
posed of various silicates in a fused, glasslike form. 

It is considered, therefore, that perlite is a relatively 
non-hazardous material. 
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APPENDIX 


1. Messrs Savage and Taylor’s paper, “Fayalite Re- 
action in Sand Molds,” pages 564 to 577, A.F.S. TRANs- 
ACTIONS, vol. 58 (1950), is a very thought provoking 
paper on fayalite reaction. Quoting Mr. J. Juppenlatz 
of Lebanon Steel Foundry, he recognizes the import- 
ance of the effect of a fayalite formation on production 
castings. There is no doubt about sand mold interface 
breakdown. It is now shown that liquid fayalite is 
present after casting, and exists at temperatures above 
2200 F. Steel is usually poured at 2800 to 3000 F re- 
leasing FeO, which in turn, is very reactive with silica 
forming fayalite, diffusing under the mold surface. At 
the same time, metal pressures are greatest, pushing 
the metal skin of the casting, the fayalite reaction has 
then formed a tight layer preventing metal penetra- 
tion. We feel the sintered layer is formed instantan- 
eously, otherwise your sand grains would not retain 
their identity and orientation. If this reaction did not 
take place you would have metal penetration, scabbing 
and buckling of the sand. 

2. During the first year of our tests with perlite we 
were under the impression that we could control the 
thickness of the fayalite with our pouring tempera- 
ture, but this can be done only when your facing 
sands are always constant and you do not have a re- 
ducing condition in your mold. Your organic binders 
and mold washes are a factor in retarding this fayalite 
condition by setting up a reducing atmosphere. 

3. Mr. Juppenlatz states a more practical approach 
toward the improvement of steel casting qualities 
seems to be resolved in the use of an inert refractory 
wash, applied to a silica mold backing that is not re- 
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active to FeO which is present under normal atmo- 
spheric casting conditions. 

4. We have been using high refractory washes, some 
containing large amounts of zirconite. The sintered 
layer is definitely retarded with the higher refractory 
washes. Using zirconite sand the interface reaction is 
also retarded. With the use of perlite you can reduce 
your mold cost by using less organic binders, a good 
cheaper mold wash, and obtain a better surface with 
a great reduction in your cleaning room costs due to 
the protective’ sintered layer filling the intergranular 
spaces adjacent to the casting. 


: DISCUSSION 


Chairman: H. J. WiLtiaMs, New Jersey Silica Sand Co., Mill- 
ville, N. J. 

Co-Chairman: STANTON WALKER, National Industrial Sand 
Assn,. Washington, D. C. 

Recorder: D. C. WiLt1aMs, Ohio State University, Columbus. 

H. E. Lewis (Written Discussion):* The authors of this paper 
are to be commended for their initiative in evaluating the bene- 
fits of expanded perlite as a new foundry material. One of the 
first major technical references on foundry uses of perlite was 
published by Mr. E. D. Boyle in the July 1950 issue of AMERICAN 
FouNDRYMAN and aroused a great deal of interest. Unfortunately 
at that time, the desired perlite products were being manufac- 
tured only in several western cities. Thus much of the interest 
then exhibited in this new material remained at an academic 
level in other parts of the country. During the past two years, 
manufacturing facilities for expanded perlite have been in- 
creased tremendously, to the point that satisfactory perlite 
products are available to foundrymen in the United States, 
Canada and several foreign countries. This means simply that 
perlite can now be obtained in quantity for full-scale plant 
applications in nearly every foundry market. 

This second article by Mr. Boyle confirms the work reported 
earlier and also presents a greatly broadened scope of investiga- 
tion. It is increasingly apparent that specific forms of expanded 
perlite offer foundrymen new and useful tools with which to 
reach their common objectives, namely, the production of higher 
quality castings at lower net cost. Mr. Boyle's list of case his- 
tories is quite complete on different types of foundry applica- 
tions of perlite. It would be helpful of course for analytical 
purposes if the improvements he attained were expressed in 
terms of dollars served per job or per year. 

The specific perlite particle size preferred as a cushioning 
agent in molding and core sand is identified in this paper as 
“Type ‘O.’” Inasmuch as this nomenclature is not standard 
within the perlite industry, it seems preferable to use an A.F:S. 
Fineness Number to more accurately define this size. For 
example, our company’s cushioning agent and riser insulation 
has an average A.F.S. Fineness No. of 110 to 115. Similarly, a 
much finer particle size soon will be introduced for core and 
mold washes. Since perlite foundry products are manufactured 
to meet density (or weight) limits in addition to the particle 
size requirements, the A.F.S. Fineness Number does not provide 
a complete specification—but it helps. 

Light weight perlite products are packaged in multi-ply paper 
bags, usually containing 4 cu ft of material rather than a specific 
number of pounds. Accordingly, it often is desirable to propor- 
tion the use on a volumetric basis. Considering the prevailing 
bulk density of perlite cushioning agents, it can be determined 


1 Great Lakes Carbon Corp., New York. 
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that 1 per cent perlite by weight of sand is essentially the same 
as 12 per cent by volume. Two per cent by weight of sand is 
about 25 per cent by volume; 4 per cent by weight (used in 
some facings) is 50 per cent by volume. 

Delicate measurements of the increment of perlite employed 
as a cushioning agent have not been found necessary in most 
cases. Users have employed 1, 114, 2 per cent, etc., by weight of 
the sand, depending on the type of sand, binder and other 
ingredients in the mixture. These proportions can be simpli- 
fied on a volumetric basis without serious error as follows: 


CONVERSION TABLE FOR PERLITE CUSHIONING AGENTS 





Bags of Perlite 
% By Weight %By Volume Cubic Feet Perlite per ton of Sand 





of Sand of Sand per TonofSand (4cu ft each) 
Y% 6 2 Ye 
1 12 4 1 
ly 18 6 1% 
2 25 8 2 
3 37 12 3 
4 50 16 4 





It would be foolhardy to state that perlite is the solution for 
all foundry sand and riser feeding problems. Obviously the 
many variables involved in different metals, sands, binders, 
mixing, molding, washing, etc., preclude the possibility of fore- 
casting or warranting specific results. But the remarkable degree 
of past successful achievement, as measured both in research and 
in practical plant usage, leaves little doubt but that the unique 
properties of perlite can be incorporated in controlled foundry 
operations to ease some of the foundryman’s current problems. 

It is hoped that we may look forward to additional articles by 
the authors translating into monetary savings the successful 
perlite foundry uses listed in their summary. 

Memper: Is there a build-up of perlite in the sand mixture? 

Mr. BoyLe: When using Albany sand there is a possibility of 
build-up but a small addition of bentonite will take care of 
that. When using compounded sand mixtures the fines from 
perlite are removed at the shake-out. 

H. F. Tayitor:* When producing non-ferrous castings we 
have made studies comparing perlite and gypsum and have 
concluded that gypsum is superior to perlite. I would like to 
ask Mr. Boyle to state the economic advantages of perlite. 

It is possible that perlite could be used as a cushion in sand 
mixtures because of its inert nature. 

Mr. Boyte: I believe that perlite would be an excellent 
cushioning material in sand mixtures due to its inert property 
and in this respect might serve better than wood flour. 

When using gypsum sleeves I believe that more castings are 
lost than saved. 

Sleeves made with perlite can be stored for long durations 
without fear of moisture absorption resulting in loss of strength. 
Sleeves made with perlite do not require the delicate handling 
necessary when using gypsum sleeves. 

K. A. MIERICKE:* The new permeable type of gypsum will 
not contaminate the sand mixture. This new material produces 
a cellular insulating structure with a permeability value of 90. 

Mr. Lewis: We have heard the respective merits of insulating 
pads and sleeves which are produced by using either perlite or 
gypsum. It may be that such pads and sleeves produced from 
mixtures containing both gypsum and perlite might produce 
items with qualities superior to those obtained when using 
each material alone. 


2 Massachusetts Institute of Technology, Cambridge, Mass. 
3 Baroid Sales Div., National Lead, Chicago. 
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HOT-TEAR FORMATIONS IN STEEL CASTINGS 


By 


U. K. Bhattacharya,* C. M. Adams* and H. F. Taylor** 


ABSTRACT 

Tearing was produced in a flanged casting by placing restrain- 
ing bars between the flanges. The degree of restraint was con- 
trolled by means of a gap in the bar. Apparatus was devised to 
detect the time and temperature at which cracking initiates in 
the casting. 

In mild steel killed with 0.10 per cent aluminum, the tear- 
ing temperatures were between 2475 F and 2510 F. The linear 
construction measured 0.91 to slightly less than 0.60 per cent 
respectively. The steel became sufficiently strong below 2475 F 
to resist tearing by the contraction stresses. Silicon deoxidized 
steel castings failed at lower temperatures, indicating a greater 
susceptibility to hot tearing. An addition of 0.05 per cent 
aluminum was required in the case of high sulphur steel (S 
=0.05 per cent) to recover hot-tear resistance. 

Limited investigations conducted on medium carbon steel 
(049 per cent C) indicated that steel of this composition would 
not tear below 2400 F, under any of the conditions imposed by 
experiment. 


Introduction 


The phenomenon of hot tearing has troubled 
foundrymen for years. It is not only peculiar to steel 
castings, but is also known to occur in cast magnesium 
and aluminum alloys. It is difficult to prevent sys- 
tematically its occurrence in a complex casting be- 
cause so little is known about solidification mech- 
anism in a mold. 

Molten steel in cooling to room temperature under- 
goes the following volume changes— (1) liquid con- 
traction, (2) solidification shrinkage, and (3) solid 
contraction. When steel is poured into a mold, a thin 
skin forms as the molten metal comes in contact with 
the sides of the mold. Its thickness progressively in- 
creases as freezing proceeds toward the thermal center 
of the casting. During this process, the volume changes 
mentioned above take place simultaneously. The de- 
crease in volume due to the loss of superheat and 
solidification is compensated by risers whose function 
is to provide feed metal. The solid contraction is tak- 
en care of by making the casting slightly larger than 
the original dimensions by using the patternmaker’s 
shrinkage rule. 

When the solid contraction cannot take place free- 





* Research Ass‘stants, Department of Metallurgy and **Asso- 
ciate Professor of Metallurgy, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 
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ly, the casting is subjected to stresses. When these 
stresses exceed the tensile strength of steel, the sur- 
face of casting is ruptured; this is due to lack of 
ductility at high temperature. The tearing generally 
takes place in the hottest (and weakest) part of the 
casting and then the tear becomes a source of stress 
concentration. In the absence of large thermal gradi- 
ents, the entire casting cools evenly, and passes the 
critical temperature before the contraction stresses be- 
come large enough to exceed the strength of the 
steel. Below the critical temperature, the casting will 
deform plastically instead of tearing. 

A hot-tear probably progresses from the surface 
into the interior of the casting. It has a ragged ap- 
pearance and is usually visible to the naked eye. 
However, minor cracks may escape detection visually 
as well as on the radiograph, in which case they can 
be readily located by the magnetic powder or pene- 
trant method of testing. 

In cast steel, hot-tears should be distinguished from 
internal tears which are in reality shrinkage cavities. 
These originate from the vicinity of a pipe or shrink 
region in the interior of the casting. These tears 
seldom reach the surface of the casting. Radiography 
is the only reliable method of locating them; unlike 
hot-tears, internal tears show a ray-like appearance. 
These are eliminated by improved feeding technique. 

Hot-tears occur as a result of stresses arising from 
(1) casting design; normal contraction of thinner 
parts being hindered by thicker sections which cool 
more slowly. A gear casting is a typical example in 
which tearing may occur at the junctions of the spoke 
with the rim and hub. (2) Bulk resistance of mold 
and core prevents contraction of a casting. In a com- 
plex-shaped casting, tearing may occur as a result of 
the combined effect of the above mentioned causes. 

The method adopted to prevent a hot-tear depends 
upon its origin. The preventive measure in the gear 
casting would consist of suppressing the hot-spot by 
the judicious use of external and/or internal chills. 
The mold resistance is decreased by increasing the 
collapsibility of the mold and core sands. 

Review of Literature 

There is a large amount of literature pertaining to 

hot tearing of steel. The important works are sum- 
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marized below. 

Kérber and Schitzkowski! studied tearing in steel 
castings caused by mold hindrance using acid and 
basic openhearth steel, with carbon varying from 0.15 
to 0.39 per cent. The test bars, 17.72 in. long and of 
different diameters, were made in hard dry sand 
molds. Cracks occurred when the recorded contrac- 
tion was between 0.34 and 1.78 per cent, depending 
on the size of the bars. The contraction of 1.181-in. 
diameter bars was then restrained at different stages 
of cooling by placing steel rods of different lengths 
between the flanges. The bars broke when the con- 
traction was 1.68 per cent or less. The autographically 
recorded time-contraction curves of bars poured in 
the hard molds were superimposed upon those of 
bars made in soft green sand molds. The curves 
diverged at about 2372 F, indicating fracture. The 
majority of the castings broke at the junction of the 
flange and bar, but temperatures were measured at 
the center of the bar. Therefore, the recorded tem- 
peratures probably did not represent true tearing 
temperatures. This work did not indicate the effect 
of composition. 

In an effort to “continue” the work of Kérber and 
Schitzkowski, Briggs and Gezelius? made studies on 
the solidification and contraction of cast steel. Ten- 
sile strength and ductility were determined at tem- 
peratures around 2372 F by pulling cast tensile bars 
with a machine fitted to the mold. Their limited 
data led them to state that the tearing temperatures 
determined by Koérber “are nearly correct.” 

Briggs and Gezelius*.+ also measured the free and 
hindered contraction of cast carbon and alloy steels, 
and the stresses which were set up in the casting. The 
experimental casting was 30 in. long, with a diameter 
of 2% in. at each end, tapered to a diameter of 1%¢ 
in, at the center where it was gated. The contraction 
was restrained by means of stainless bolts cast into 





Fig. 1—Sketch of experimental casting. 
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Fig. 2—-Arrangement of insert bars in mold. 


each end of the bar; one of these was tied to the 
flask and the other was connected to a calibrated 
spring. Under a strong spring, the total hindered 
contraction in casting to room temperature amounted 
to about 0.50 per cent. The bars did not break 
since there was no sharp temperature gradient in the 
casting. Thus, this work could not give a measure 
of the stress required for tearing. However, the auth- 
ors plotted contraction or stress-temperature curves 
and showed that above 2372 F low carbon steel con- 
tracted more and therefore developed higher stresses 
than high carbon steels. Since low carbon steel has 
greater strength and ductility, this work did not estab- 
lish which steel would be more susceptible to tearing. 

Piwowarsky and others’ made determinations of 
the tensile strength and ductility of cast steel at high 
temperature (previously cooled to room temperature). 
They found that steel had no ductility at or above 
2282 F. 

Hall® showed that cast steel, with the exception of 
very low carbon steel, had no ductility between the 
solidus and 2372 F. It was found that high sulphur 
content lowers the temperature at which steel acquires 
ductility. In subsequent experiments, the formation 
of hot-tears in flanged castings was studied. How- 
ever, tearing temperatures were not determined. 

Andrew and Protheroe? reported that hot tearing 
in steel castings was due to mechanical resistance of 
sand rather than friction between contracting steel 
and sand grains. (They attempted unsuccessfully to 
determine the tearing temperatures by using an elec- 
trical circuit through the casting.) However, they 
concluded that steel castings “break” very near the 
solidus. 

Phillips® studied tearing in a ring casting using 
hard sand cores. No effect of casting temperatures on 
tearing was found. The last steel poured from the 
ladle showed the most susceptibility to tearing, and 
this was related to a change in the type of inclusions 
found in the casting. This change in the nature of 
inclusions was due to a reduction of the aluminum 
content by the oxidizing action of slag and atmos- 
phere. An increase in the aluminum addition from 
0.10 to 0.15 per cent left sufficient aluminum in the 
molten metal to avoid the formation of adverse type 
of inclusions. 

In their limited investigations, Crafts and co-work- 
ers® observed that in cast medium carbon steel, sili- 
cate and eutectic type inclusions were more conducive 
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to tearing than alumina and peritectic types. Increas- 
ing aluminum additions caused a progressive change 
in the type of inclusions. The predominantly eutec- 
tic type predominated when the steel was killed with 
0.025 to 0.05 per cent aluminum. The alumina type 
appeared when aluminum additions were increased 
to 0.10 per cent. Steel treated with an addition of 
0.10 to 0.20 per cent aluminum, titanium, or zircon- 
ium- and calcium-bearing alloys showed peritectic 
type of inclusions. 

Middleton and Protheroe’® recently published the 
most comprehensive work to date on tearing of steel. 
They measured the tearing temperatures and break- 
ing loads, and studied the effects of such factors as 
casting temperatures, compositions, alloying elements, 
and deoxidation practice on tearing. The test bar 
was 24 in. long, with a uniform diameter of 1.128 in. 
They restrained the bars and recorded the loads by 
means of the technique developed by Briggs and 
Gezelius. Some of their findings are as follows: 

1. Effect of casting temperatures. 

Higher casting temperatures increased the suscepti- 
bility of steel to tearing and raised the tearing tem- 


peratures. 
2. Effect of composition. 
a. Carbon 


Mild steel (0.21 per cent C) cracked in the tempera- 
ture range 2532 F to 2593 F, and medium carbon steel 
(0.31 per cent C) in the range 2489 F to 2570 F, de- 
pending upon casting temperatures. No data were 
available about steel containing 0.49 per cent car- 
bon, because when it cracked liquid metal still re- 
mained in the interior of the casting due to the 
wider freezing range, and partly rewelded the cracks. 
As a result of this, minor cracks formed which the 
apparatus did not detect. At a given casting tempera- 
ture, medium carbon steel was more susceptible to 
tearing than mild steel and failed under a smaller 
load. 

Subsequent experiments were made on 0.21 per 
cent carbon steel. . 

b. Silicon and manganese 

0.50 per cent silicon content showed better tear 
resisting properties than 0.35 or 0.90 per cent silicon. 

An increase of manganese from 0.85 to 1.21 per 
cent decreased susceptibility to tearing. Further in- 
crease to 1.71 per cent had a deleterious effect. 

c. Sulphur 

Increasing sulphur content increased susceptibility 
to tearing. 

3. Effect of deoxidation with aluminum. 

The susceptibility of steel to tearing depends upon 
its sulphur content and the degree of deoxidation. 
Aluminum additions are generally beneficial; however, 
small additions of aluminum (0.625 to 0.051 per cent) 
to silicon deoxidized, high sulphur steel lower resist- 
ance to tearing. According to Sims,'! when sufficient 
aluminum is added to combine with all of the oxy- 
gen, the surface tension of low melting point sul- 
phides decreases. As a result, these sulphides spread 
out as continuous chains or films along the primary 
grain boundaries. Excess aluminum seems to increase 
surface tension of the intergranular liquid, and the 
sulphides appear as randomly distributed and globu- 
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lar-shaped inclusions at grain boundaries. This change 
in the distribution of inclusions increases the duc- 
tility of steel at high temperatures. 

Middleton and Protheroe observed that the steel 
bars failed at higher temperatures when contraction 
was hindered by stronger springs. This indicates that 
tearing can occur in mild steel at any temperature 
between 2532 F and the solidus. Their experimental 
arrangement was such that the bar was being re- 
strained the moment solidification began. This closely 
corresponds to the behavior of a casting in which a 
thin section is prevented from contracting by a thick 
section. 


Experimental Procedure 


Apparatus—The design of the test casting shown 
in Fig. 1 was suggested by the paper of Bishop and 
Taylor.'? Certain modifications were made for con- 
venience, and two blind risers were used to provide 
perfect feeding. Rigid separating bars, separated by a 
controllable gap, were molded between the flanges of 
the casting to induce hot tearing. Bars of different 
lengths were used to contro] the amount of free con- 
traction which could take place before the flanges of 
the castings impinged upon the restraining bars. In 
other words, restraint was delayed for different time 
intervals after casting, and the amount of total solid 
contraction was directly controlled. The rectangular 
cross-section of the part which failed measured 114 
by 5 in. 





Fig. 3—Position of apparatus in the mold. 
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Fig. 4—Illustration of assembled mold. 


The apparatus shown in Fig. 3 was devised to 
detect the initiation of casting failure. It consists 
of two steel bars crossed to form a scissors; the bottom 
of the scissors is linked mechanically to the flanges of 
the test casting, and the top is fitted with an Ames 
dial. Any change in the distance between flanges 
(positive or negative) is directly reproduced on the 
Ames dial. The lever arm magnification ratio is 1.5 
to 1. (The spring shown in Fig. 3 does not influence 
casting restraint; its purpose is to insure mechanical 
contact between the scissors and the casting.) 

The temperature was measured 14 in, beneath the 
surface on the section which failed. A platinum/ 
platinum-rhodium thermocouple with a_ bare, hot 
junction was used. 


Melting Procedure 


The heats were made in a high frequency induc- 
ion furnace, using 75-lb charges. The castings were 
made from steel of the following analysis: 0.20—0.24 
per cent C; 0.45-0.55 per cent Mn; 0.30-0.40 per cent 
Si; 0.02-0.025 per cent S; 0.02 per cent P max. No 
slag was used. The bath was deoxtdized with ferro- 
manganese and ferrosilicon at about 2830 F. When 
aluminum was used, in addition to silicon, it was 
added immediately before tapping. The tapping tem- 
perature was about 2910 F. 

When it was necessary to increase the carbon and 
sulphur content of the charge, granulated carbon and 
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iron sulphide powder, respectively, were included with 
the charge. 

Bath temperature measurements were made with an 
optical pyrometer. 


Observations 


After the casting was poured, the indicator point 
on the Ames dial, initially at zero, showed a steady 
negative deflection, indicating that the casting was 
contracting. When the flanges encountered the re- 
straining bar, one of two things happened: 

1. The indicator stopped, remained stationary for 
a short time, and then abruptly moved in the oppo- 
site direction, indicating an expansion. 

It was experimentally verified that the sudden ex- 
pansion marked the beginning of rupture. A test 
casting was made with an arrangement to release the 
restraining bars the instant an expansion was ob- 
served. Immediately the mold was broken and min- 
ute cracks were found on the surface of the casting. 
This observation was also made using the test casting 
designed by Middleton and Protheroe. The fact that 
measured expansion was always accompanied by 
cracking indicates that at the temperature of hot 
tearing, steel has no ductility. 

2. The deflection rate changed abruptly, became 
very slow, but did not entirely cease. The casting 
was strong enough to continue contracting by bend- 
ing the bar elastically, and failure never took place. 

All test castings poured fell into one of the two 
categories outlined above. Those castings which 
failed did so at the geometric center of the system (the 
hot spot) as shown in Fig. 5. Several series of cast- 
ings were poured to study the influence of composi- 
tion and deoxidation practice. The size of the “gap” 
in the restraining bar was systematically varied. If 
the gap in the restraining bar were large, the casting 
could contract enough to remain sound. If the gap 
were small, tearing was produced. By adjusting the 
gap, that degree of restraint was obtained which 
would just barely crack the casting. The cracking 
temperature of this critical casting approaches the 
temperature below which hot tearing will not occur. 


Results 


The results of tests made upon mild steel castings 





Fig. 5—Illustration of cracked castings. 
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containing less than 0.04 per cent sulphur, are set 
forth in Table 1. The castings did not tear unless 
the total solid contraction was suppressed to less 
than 1.0 per cent. The tearing temperature increased 
with reduced contractions, or in other words with 
more restraint. 


TABLE 1—Hor TEARING IN MILD STEEL 
(S NOT MORE THAN 0.04%) 





Width of Gap 





Between Per Cent 
Aluminum = Casting Restraining Contraction Tearing 
Additions, Temp., Bars, in. toRoomTemp., Temp., 
% F F 

0.10 2867 1/16 2510 
0.10 0.07 0.60 2500 
0.10 2849 3/32 0.91 2475 
0.10 2840 4/32 1.15 no tear* 
0.10 2867 5/32 1.34 no tear 
0.10 8/32 1.90 no tear 


* Slight expansion was noted at 2430 F. 





Table 2 shows the influence of deoxidation prac- 
tice on tearing resistance of low sulphur mild steel. 
Silicon deoxidized steel was clearly shown to be the 
most susceptible to tearing. Addition of aluminum 
increased the hot strength enough to prevent failure. 


TABLE 2—-RESULTS OF DEOXIDATION PRACTICE IN 











MILpD STEEI 
Width of Gap 
Aluminum =_ Casting Between Tearing 
Additions, Temp., Restraining Temp., 
% F Bars, in. F Remarks 
Below 
0 2759 \% 2450 Slight tear 
0 2822 \% 2400 Gassy metal. 
0.24% C; 0.38% Mn; 
0.25% Si; 0.04% S 
0.02 2822 \% no tear 
0.05 2786 \% no tear 





The data recorded in Table 3 indicate that when 
the sulphur content exceeds 0.05 per cent, a minimum 
addition of 0.05 per cent aluminum is necessary to 
prevent the*casting from tearing. 


TABLE 3—RESULTS OF DEOXIDATION PRACTICE IN 
MILpD STEEL 





Width of Gap 





Aluminum Casting Between Tearing 
Additions, Temp., Restraining Temp., 
% F Bars, in. F Remarks 
0 2867 4/32 2450 Linear contraction 
1.0 per cent. 
0 2795 5/32 no tear 
0.02 2786 4/32 2375 0.19% C; 0.44% Mn: 
0.25% Si; 0.053% S$ 
0.02 2840 5/32 no tear 
0.05 2813 4/32 no tear 





A limited investigation of medium carbon steel 
indicated that tearing will not take place below 2400 
F. The results are shown in Table 4. 
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TasB_LeE 4—Hor TEARING IN MEDIUM CARBON STEEL 





Width of Gap 





Aluminum = _ Casting Between rearing 
Additions, Temp., Restraining Temp., 
% F Bars, in. F Remarks 
0.10 2777 3/32 2400 0.49%, C 
S<0.04 
0.10 2759 1/8 no tear 





Middleton and Protheroe, using the test bar de- 
scribed earlier, have shown that castings containing 
0.21 per cent carbon and 0.035 per cent sulphur, and 
killed with 0.075 per cent aluminum, tore at a tem- 
perature of 2532 F. This is a much higher tempera- 
ture than found at M.I.T. To determine whether or 
not the British test bar will tear at lower tempera- 
tures under the condition of the present investiga- 
tion, several heats were cast; pouring temperature de- 
termined by optical pyrometer was 2858 F. The 
results are shown in Table 5. 


TaBLe 5—Hor TEARING EXPERIMENTS WITH TEST BAR 
OF MIDDLETON AND PROTHEROE 





Approx. Aluminum Width of Gap No. of Sec. 
Casting Additions, Between Re- Elapsed Before 
Temp. % straining the Casting 
Bars, in. Started to Tear Remarks 





2858 F 0.075 0.03 90 Temp. was 

measured with 
an optical 
pyrometer, 

a 0.04 100 

ss 0:05 105 

” 0.05 110 

“6 0.06 no tear 

3 0 0.05 140 Silicon deoxi- 


dized steel. 





Unfortunately, no satisfactory correlation of cool- 
ing curves could be obtained, although temperatures 
were measured by putting bare platinum-rhodium 
thermocouples at a depth of 4 in. in the castings. 
Middleton and Protheroe do not report details of 
temperature measurement. The above results will be 
compared with those of the British workers on the 
basis of the time elapsed before initiation of cracking. 

They have found that tearing occurred 65 to 80 
sec after the bars were cast, and when poured at 2868 
F, the bars cracked at 2548 F. Table 5 shows that the 
M.L.T. test castings cracked at 90 to 110 sec after the 
casting was poured. These data leave little doubt 
that tearing took place at temperatures lower than 
2532 F and probably within the range established in 
the present investigation. 

From the table, it is shown that when the steel 
was deoxidized only with silicon, tearing took place 
as late as 140 sec after the mold was cast. Therefore, 
this type of steel will crack at a temperature well 
below the tearing range reported by Middleton and 
Protheroe. 

Experience, and current experimentation, lead the 
present authors to believe any measurement of “hot 
tearing temperature,” as a physical property of metal, 
is meaningless and impossible. Clearly, any casting 
will tear at any temperature if the stress becomes 
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great enough. The “temperature below which a cast- 
ing will not tear under normal conditions” seems a 
more appropriate and meaningful measurement. 


Conclusions 

There is a critical temperature below which cast 
steel attains sufficient tensile strength and ductility 
to withstand contraction stresses and thereby resists 
tearing. This investigation has shown the critical 
temperature lies below 2475 F for the case of alumin- 
um-killed, low sulphur mild steel and below 2400 F 
in medium carbon steel; above these temperatures, 
tearing occurs, 

Silicon deoxidation lowers these critical tempera- 
tures and also increases the susceptibility of steel to 
tearing. In low sulphur steel, addition of 0.02 per 
cent aluminum to silicon deoxidized steel nullifies 
the deleterious effect of silicon. When the sulphur 
exceeds 0.05 per cent, the addition of aluminum 
should be increased to 0.05 per cent. 
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FUNDAMENTALS OF FOUNDRY REFRACTORIES 


J. D. Custer* and J. Spotts McDowell* 


The noteworthy progress of recent years in the 
metallurgy, in operating techniques, and all phases 
of production in foundry practice has exerted an im- 
portant influence on the selection and development 
of foundry refractories. Brief mention of several ex- 
amples of advances in foundry operations which have 
been dependent on equal progress in the commercial 
manufacture of refractories, will serve to illustrate 
the point. 

Basic cupola operation, which is still in its infancy, 
necessarily involves considerable experimentation 
with refractories. Until a few years ago, basic refrac- 
tories were not used in the conventional cupola, and 
the best technique for using them in the basic cupola 
remains to be fully developed. In the malleable iron 
foundry, operating conditions in many furnaces are 
now so severe that it has become necessary to use 
super-duty fireclay and high-alumina refractories. In 
the operation of electric steel-melting furnaces, much 
higher temperatures are now employed for the pro- 
duction of the larger tonnages melted in a furnace of 
given size as well as for the production of new alloys. 
In the roofs of these furnaces, high- alumina refrac- 
tories of various classes, super-duty fireclay brick, and 
even basic refractories have been used economically. 
As to basic refractories, no longer can magnesite and 
chrome brick alone fulfill all the requirements of in- 
dustry. More than a dozen different kinds of basic 
refractories are now manufactured, each of which is 
especially well-suited for a definite combination of 
operating conditions. A classification of refractories 
is shown in Table 1. 


Intermediate and Low-Duty Fireclay Brick 


In certain portions of many industrial furnaces, the 
refractory structure is subjected to temperatures which 
are relatively moderate or low. For such conditions, 
fireclay brick of the intermediate or the low duty 
class may give excellent service. In the low tempera- 
ture range, these brick are sometimes stronger and 
more resistant to abrasion than high-duty fireclay 
brick. 


*Harbison-Walker Refractories Co., Pittsburgh. 
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Low-duty fireclay brick have a minimum P.C.E. of 
cone 19, corresponding to a softening temperature of 
2768 F while intermediate duty fireclay brick have a 
P.C.E. of cone 29, corresponding to a softening temp- 
erature of 2984 F. 

Intermediate and low-duty brick in general are 
dense, mechanically strong, tough and resistant to 
abrasion and to slag action at moderate temperatures. 
For service in which there are rapidly fluctuating 
temperatures, power pressed brick are to be preferred 
to those made by the extrusion process. Intermediate 
and low-duty brick show little permanent change in 
volume when heated within the temperature range 
for which they are suited. 

High-Duty Fireclay Brick 

The high-duty class of fireclay brick have a P.C.E. 
of cone 31 to cone 3214, corresponding to a softening 
temperature of 3056 to 3131 F. 


In the manufacture of machine-made brick of the 
extruded type, the ground batch is moistened, pugged 


TABLE 1—CLASSIFICATION OF REFRACTORIES 





Fireclay Brick Basic Brick 


*Magnesite Brick — Fired 

high-duty <90 pct MgO 

intermediate-duty >90 pct MgO (periclase brick) 

low-duty *Chrome Brick — Fired 

*Magnesite-Chrome Brickt 
chemically bonded 


super-duty 


High-Alumina Brick 





*Chrome-Magnesite Brickt 
high fired 
chemically bonded 
*Metal Encased Brick 
chrome-magnesite 
*Forsterite Brick — Fired 
Spinel-Bonded Magnesite-Chrome 
Brick — Fired 


50 pct alumina 
60 pct alumina 
70 pet alumina 
80 pct alumina 
90 pct alumina 
99 pct alumina 


Silica Brick 


super-duty 
conventional Insulating Refractories 
* The ceramic bond consists of magnesium and calcium silicates. The 
spinel-bonded refractory is a relatively recent development. 
The terms magnesite-chrome and chrome-magnesite refer to blends of 
magnesite and chrome ore. The constituent predominating is named first. 
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and extruded through a die in the form of a dense 
column. This column is cut by wires into brick of 
the required size. The brick are then repressed, dried 
and fired. They have great physical strength, high 
density and a porosity within the range of about 10 
to 18 per cent. 

In the upper section of cupola linings, where the 
refractories are subjected to mechanical abrasion and 
to the impact of the charge, the high strength of the 
extruded blocks provides good resistance to wear, and 
in some cases these give best service. 

In the melting zone, abrasion may also be a factor, 
but usually resistance to corrosion and erosion by the 
slag and metal is of greater importance. High-duty 
fireclay brick of the extruded or power pressed types, 
are usually adequate for this service. 

In the manufacture of brick by the power press 
process, the moistened batch is fed to a mechanically 
operated press in which the brick are formed under 
high pressure. Power pressed cupola blocks have a 
dense uniform structure, as shown by their porosity 
of approximately 18 to 22 per cent. They also have 
excellent resistance to thermal spalling. When neces- 
sary to operate the cupola on short heats, the refrac- 
tory lining is subjected to severe thermal spalling 
conditions. Under these conditions longer service may 
be obtained from power pressed cupola blocks, than 
from extruded blocks. 

Only a good quality of ground fireclay should be 
used for laying the cupola blocks or for repairing the 
lining. No additions of Portland cement, lime or 
water-glass should be made to the fireclay, since such 
additions greatly reduce its refractoriness. 


Super-Duty Fireclay Refractories 


The properties of super-duty fireclay refractories 
which are of prime importance are their high refrac- 
toriness, low porosity, and excellent volume stability 
in the high temperature range. By way of illustra- 
tion, high-duty fireclay brick with a P.C.E. of cone 31 
to 321% have a softening temperature of 3056 to 3131 
F. Super-duty fireclay brick have a minimum P.C.E. 
of cone 33, equivalent to a softening temperature of 
3173 F. In service where the refractory is used at 
temperatures near its ultimate working temperature, 
such an advantage in refractoriness is exceedingly ad- 
vantageous. While the spalling resistance of super- 
duty fireclay brick of the regular classes is superior to 
that of high duty brick, in some modifications of 
the former, other properties are enhanced to great 
advantage at the expense of spalling tendency. For 
certain particular applications rapid temperature 
changes which cause spalling are not involved. 

Super-duty fireclay refractories are available in sev- 
eral burns, each of which is especially well-suited for 
certain conditions. The porosity of some brands of 
super-duty fireclay brick of conventional burn is as 
low as 13 to 16 per cent, as compared to 14 to 22 per 
cent for high-duty fireclay brick. The excellent vol- 
ume stability of super-duty fireclay brick at high temp- 
eratures becomes important as operating temperatures 
approach the point at which appreciable shrinkage 
might take place in high-duty fireclay brick. For this 


FUNDAMENTALS OF FOUNDRY REFRACTORIFS 


reason super-duty fireclay brick are used for the bot- 
toms and lower sidewalls of air furnaces. Their use 
has proven economical also in electric furnace roofs 
where severe thermal spalling conditions may prevail. 
Because of their high density and low porosity, super- 
duty fireclay brick are highly resistant to slag pene- 
tration. 

Super-duty fireclay brick of extra hard burn have a 
porosity within the range of 12 to 15 per cent. The 
extra hard burn results in even further improvement 
in the volume stability and load bearing properties 
at high temperatures. In addition, these refractories 
have low porosity, permeability and excellent resist- 
ance to penetration by molten metals or slags. These 
properties account for the excellent service that has 
been obtained in air furnaces with tap out blocks of 
super-duty brick of the extra hard burn. In ladles 
where desulphurizing is accomplished, super-duty 
brick provide the maximum resistance to the fluxing 
action of the soda ash. They also serve to advantage 
for the slag knife in the front slagging trough of 
cupolas. 


High-Alumina Refractories 


High-alumina refractories are manufactured mainly 
from diaspore clays. They are fired at high tempera- 
tures and contain the highly refractory minerals mul- 
lite and corundum, in proportions which depend 
upon the alumina content. 

The excellent refractoriness of 60 per cent alumina 
brick is shown by its P.C.E. of cone 36 to 37, equival- 
ent to a softening temperature of 3250 F. The 60 
per cent alumina refractories have good volume stabil- 
ity and when subjected to the 1600 C (2910 F) reheat 
test, in which that temperature is held for 5 hr, they 
show practically no linear shrinkage. Another im- 
portant property of this type of refractory is its excel- 
lent resistance to the spalling effect of rapid tempera- 
ture changes. 

Refractories in the burner ends of air furnaces are 
subjected to extremely severe service conditions. 
While the bottoms of these furnaces are usually built 
of super-duty fireclay brick, some plants use 60 per 
cent alumina brick at the burner end and super-duty 
fireclay brick for the remainder of the bottom. This 
practice results in the proper balance in the service 
life and has proven economical. 

The 90 and 99 per cent classes of high-alumina re- 
fractories provide a greater margin of refractoriness, 
volume stability and load-bearing properties at high 
temperatures, than is obtainable from any other alum- 
ina-silica material. 

In some high-temperature electric furnaces the op- 
erating conditions are such that silica roofs may give 
relatively short service. The use of 60 or 90 per cent 
alumina brick in the center section of the roofs, with 
silica brick in the annular rings, may balance out 
the service life and prove economical. For the slag 
knife in troughs of cupolas, the 90 and 99 per cent 
alumina brick have given outstanding service. They 
have also been used successfully for the bottoms of 
aluminum melting furnaces, particularly where spe- 
cial alloys are being melted. These refractories are 
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TEMPERATURE— DEGREES FAHRENHEIT 


not readily wetted by molten aluminum and provide 
better resistance to thermal spalling than do basic 
refractories. 

Silica Refractories 

In past years silica brick of conventional quality 
were used almost exclusively for open-hearth and 
electric furnace roofs. The utility of silica brick in 
these applications depends primarily upon their ex- 
ceptional strength at high temperatures. For example, 
a silica brick subjected to a load of 25 psi shows 
negligible subsidence even at 3000 F. By way of com- 
parison, a deformation as high as 6 per cent at 2462 
F, with the same load, is permitted by the ASTM re- 
quirements for high-duty fireclay brick. 

One of the characteristics of silica brick is rela- 
tive sensitiveness to thermal shock within the low 
temperature range. The reason for this is made evi- 
dent by a study of the thermal expansion curve shown 
in Fig. The high rate of expansion up to 1000 F 
clearly indicates this characteristic. It is necessary to 
heat silica roofs very slowly through the critical range, 
and to make proper provision for thermal expansion 
by means of expansion joints. During construction, 
these are filled with cardboard or wooden strips which 
will burn out and permit the brick to expand freely. 


TABLE 2—COMPOSITION AND PROPERTIES OF SILICA 








Brick* 
Conventional augers -Duty 

Chemical Composition, Pct 

Silica, SiO, 95.63 96.33 

Alumina, Al,O, 0.75 0.28 

Lime, CaO 2.60 2.74 

Iron Oxide, Fe,O, 0.75 0.56 

Soda, Na,O 0.04 0.04 

Potash, K,O 0.15 0.04 

Titania, TiO, 0.08 0.03 
Physical Properties * 

Porosity, Pct 25 25 

Refractoriness Under Load 

at 25 psi, °F 3000 3070 

Linear Thermal Expansion 

at 2600 °F, Pct 1.30 1.30 


* Typical average values. 











While super-duty silica brick is a relatively new 
refractory, it has contributed greatly to longer life of 
furnace linings. The important difference between 
conventional and super-duty silica brick are illustrated 
in Table 2. The lower content of alumina, titania 
and alkalies accounts for the higher refractoriness of 
the super-duty silica brick. They are made to meet 
the specification that the combined content of alum- 
ina, titania and alkalies may not exceed 0.5 per cent. 
The effects of these impurities on the melting point 
of silica are illustrated graphically in Fig. 2 in which 
it is shown that | per cent titania (TiO,) lowers the 
melting point about 10 F, 1 per cent alumina (Al,O,) 
about 25 F, | per cent potash (K,O) about 45 F, and 
| per cent soda (NasO) about 65 F. 

Another significant property of super-duty silica 
brick is its increased ability to withstand pressure at 


PER CENT SILICA 
100 98 96 94 92 90 88 
31 


EUTECTIC MIXTURES 

31% K20 69% SiO2 
MELTING POINT 1385°F | K 
26% Na20 74% SiO2 
MELTING POINT 1460°F 
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Fig. 2—Effect of certain impurities on melting of silica. 














684 FUNDAMENTALS OF FOUNDRY REFRACTORIES 
TABLE 3—-PROPERTIES OF BAsIC REFRACTORIES 
Stability Thermal 
Apparent Modulus Resistance of Volume Strength Expansion 
Principal Porosity, Weight, of Rupture, to at High at High at 2600°F, 
Type Bond Minerals Pct Lb per Cu Ft Psi Spalling Temperatures Temperaturest Pct 

Chrome Fired Chrome- 18 to 21 190 to 200 1200 to 2000 Fair Fair Fair 1.2 
Spinel 

Chrome- Chrome- 

Magnesite Chemical Spinel 18 to 22* 192 to 202 750 to 1200 Excellent Excellent Excellent 2.1 
Periclase 
Chrome- 

Chrome- High- Spinel 

Magnesite Fired Periclase 20 to 24 184 to 194 1100 to 1500 Good Excellent Excellent 1.2 
Forsterite 

Magnesite 

83-88 MgO Fired Periclase 18 to 22 165 to 175 2000 to 3000 Fair Fair Fair 2.1 

Periclase 

92-938 MgO Fired Periclase 20 to 26 167 to 177 2000 to 2600 Good Good Excellent 2.1 

Magnesite- Periclase 

Chrome Chemical Chrome- 18 to 22* 177 to 187 1000 to 1400 Excellent Good Good 2.1 
Spinel 

Spinel- Periclase 

Bonded Chrome- 

Magnesite- Fired Spinel 

Chrome Magnesia- 21 to 24 170 to 180 §=800 to 1100 Excellent Excellent Excellent 1.5 
Alumina- 
Spinel 

Forsterite Fired korsterite 21 to 24 157 to 167 750 to 1000 Good Good Excellent 1.8 


“Porosity determined after heating the brick to remove non-permanent bonding ingredients from pores. 
tThe strength at high aap is measured by the temperature of failure in the load test at 25 psi. 
“Excellent” ahove 2850 F 


hetween 2400 and 2600 ““Good,’’_ 2600 to 2850 F. 


“Fair”? corresponds to a temperature of failure 





high temperatures. While conventional silica brick 
of highest quality withstand a load of 25 psi up to 
about 3000 F before failure, super-duty silica brick 
withstand the same load up to about 3070 F. 

In the roofs of basic open-hearth furnaces, super- 
duty silica brick are used most economically for roof 
shoulders, with the conventional silica brick in the 
central portion of the roof. In many instances, super- 
duty silica brick are used for the entire roof. 


Basic Refractories 


For many years the only basic refractory brick pro- 
duced were fired magnesite and fired chrome brick. 
However, as the result of continued research, more 
than a dozen different classes of basic refractories are 
now manufactured, as shown in Table 3. While there 
is considerable overlapping in their many uses, the 
distinctive properties of each render it particularly 
suited for certain conditions and purposes. Naturally 
in applications where two or more kinds perform 
equally well, cost governs the selection. 

Hard-burned magnesite brick, containing approxi- 
mately 88 per cent magnesia, have been used exten- 
sively in basic open-hearth steel furnaces. This type 
of basic refractory is used successfully for the melting 
zone linings of cupolas operated on basic practice. 

Magnesite brick which contain 92 per cent mag- 
nesia are available, This refractory, accurately termed 
periclase, is higher in magnesia content and lower in 
other oxides such as silica, lime, ferric oxide, and 
alumina, than the conventional magnesite brick. The 
lower amount of impurities and the higher magnesia 
content provide better resistance to thermal spalling 
and a considerable improvement in volume stability 
and mechanical strength at high temperatures. The 


periclase type of refractory may prove economical for 
use in basic electric melting furnaces, in melting furn- 
aces for non-ferrous metals and in other applications 
where the operating conditions are severe. 

The use of high-fired chrome-magnesite refractories 
in copper, nickel, lead, and aluminum furnaces has 
increased. The volume stability of these brick at high 
temperatures, and some of their other desirable physi- 
cal properties are attributable to the unusually high 
temperatures at which they are fired. The strength 
of this refractory at high temperatures is such that in 
laboratory tests it withstands a load of 50 psi up to a 
temperature of about 3000 F. Moreover, its resistance 
to spalling is greater than that of other fired basic 
refractories. In strongly reducing atmospheres at high 
temperatures, the oxides of iron do not seriously af- 
fect the chrome-magnesite composition. 

In some lead reverberatory furnaces, the hard- 
burned chrome-magnesite refractory is used in lower 
and upper sidewalls and roofs and the longer service 
obtained well justifies the higher costs as compared 
with alumina-silica refractories. This refractory has 
high resistance to wetting by molten alumina. Ad- 
vantage of this fact is taken in the use of the high- 
fired chrome-magnesite refractory in the bottoms and 
lower sidewalls of aluminum melting furnaces. An- 
other important factor in this application is avoid- 
ance of silicon pickup, which is especially important 


in the case of some alloys. 
a 


Ganister-Fireclay Mixes 


Considerable progress has been made within the 
past few years in the use of ganister-fireclay mixes for 
maintaining the melting zone linings of cupolas. The 
air-placement method of application makes it pos- 
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sible to use the material with the minimum amount 
of moisture and to obtain a lining of maximum dens- 
ity. This property is essential to satisfactory service. 
Ganister-fireclay mixes of correct chemical composi- 
tion and proper screen sizing are available commer- 
cially in ready-mixed form. 

A special ganister-fireclay mix recently developed 
contains approximately 88 per cent silica and 7 per 
cent alumina, with the remainder consisting of small 
percentages of titania, iron oxide, lime, magnesia and 
alkalies. The silica ganister used has a maximum 
alumina content of 0.5 per cent. The fact that the 
fireclay used in ganister-fireclay mixes must be of 
good quality has been frequently overlooked in the 
foundry. The clay should, not only be of good plas- 
ticity but also have a minimum P.C.E. of cone 30 to 
31. In order that the ganister-fireclay may have the 
desired refractoriness, the composition of the clay 
must be such that the alumina content of the mixture 
is more than 5.5 per cent. The eutectic between 
silica and alumina contains 5.5 per cent alumina and 
the melting point of alumina-silica mixtures rises as 
the alumina content increases above 5.5 per cent. 

To obtain a lining of the required density, the 
ground silica ganister should contain the correct pro- 
portions of coarse, intermediate and fine sizes. Proper 
grain sizing will reduce the amount of rebound to 
the minimum. 

It is exceedingly important that each operator of 
the air-placement gun accurately determine the prop- 
er moisture and pressure by actual trial in his own 
plant. Only by so doing can he obtain the maximum 
density in the lining and best results. 


Hydraulic Setting Castable Refractories 


While various grades of hydraulic setting castable 
refractories are available, this discussion will be con- 
fined to castable refractories of high strength, and to 
a 3000 F castable refractory as shown in Table 4. The 
regular castable refractory is shown in the table for 
purposes of comparison. 


TABLE 4—PROPERTIES OF CASTABLE MATERIALS 





Equivalent Cold Crushing 
P.C.E. Temperaiure,F Strength, psi 





Regular Castable 

Refractory 15-19 2690 1500 
High Strength 

Castable 

Refractory 15-16 2640 5000 
3000 F 

Castable 

Refractory 35 $245 1500 





Castable refractories are shipped in the dry form 
and require only mixing with water to prepare them 
for use. On drying, a hydraulic bond is developed 
that provides good strength throughout the entire 
body. 

The high-strength castable refractory develops a 
cold crushing strength after drying of approximately 
5000 psi; after heating to 1500 F, 2100 psi, and after 
heating to 2250 F, 3750 psi. In consideration of this 
high strength some service trials have recently been 
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made in the upper section of the cupola. The castable 
refractory was installed by the air-placement method 
in the charging door area. In service, the high-strength 
castable refractory satisfactorily withstood the impact 
of the charge and the mechanical abrasion which oc- 
curs in this section of the cupola. 

A newer product is the 3000 F castable refractory, 
which posesses not only high refractoriness but also 
excellent volume stability at high temperatures. It 
can be poured into place, trowelled, rammed, or ap- 
plied by the air-placement method. Excellent results 
have been obtained by using it for patching the rim 
and lips of iron ladles. Service trials now in progress 
employ the 3000 F castable refractory in the center 
sections of electric furnace roofs. While the trials 
have not all been completed, it appears that this type 
of material holds considerable promise for the severe 
service conditions involved. 


Plastic Fire Brick 


Plastic. fire brick is manufactured from carefully 
selected calcined and bond clays which are ground, 
blended and mixed with the correct amount of water 
to give the best ramming consistency. Plastic fire brick 
of both high-duty classes and super-duty classes have 
been used for gray iron ladle linings, cupola troughs, 
and many other applications. 

Plastic fire brick with added graphite is also avail- 
able. Such material also contains special components 
that tend to seal the outside surfaces and thus retard 
oxidation of the graphite. The mixture is very re- 
fractory, and in the 5-hr reheat test at 2730 F shows 
no linear shrinkage. Mechanical penetration by molt- 
en metal is reduced or eliminated, because the graph- 
ite is not wetted by the metal. The plastic fire brick 
containing graphite has been used successfully for 
gray iron ladle linings, tap out blocks, and also for 
the cupola spout. However, it is not recommended 
for use in the linings of ladles for low carbon steel. 


DISCUSSION 


Chairman: R. H. Stone, Vesuvius Crucible Co., Swissvale, 
Pittsburgh. 

Co-Chairman: W. R. JAESCHKE, The Whiting Corp., Harvey, 
Ill. 

Recorders: R. H. STONE and W. R. JAESCHKE. 

D. E. Matruizu:' In our pipe foundry we tap metal from the 
cupolas at 2600 F and use a refractory material with a P.C.E. 
27 instead of higher grade materials with P.C.E. 31 or 3214 as 
recommended by the author. We find this material adequate 
for our service conditions and more economical than the usual 
air-piacement ganisters or cupola brick. What is the author's 
opinion on this? 

Mr. Custer: The difference between P.C.E. 27 and 31 or 3214 
is not great and in your case the material is satisfactory to 
resist severe erosion. For conditions at higher temperatures that 
material might be unsatisfactory. 

R. W. Krart, Jr.:* Why are magnesite brick not made in 
cupcla block sizes? 

Mr. Custer: Magnesite brick have a high rate of expansion 
and are susceptible to spalling. Cupola block shapes have been 
tried and were found to spall much more than the smaller 
shapes like arch and key brick. 

R. H. Zotter:* Speaking of the life of high magnesite blocks, 
the larger shapes give better life if temperatures are constant. 


1 Chief Metallurgist, Alabama re Co., Anniston, Ala. 
-2 Metallurgisi, American Brake Shoe Co., Mahwah, N. J. 
3 President, The Zoller Casting Co., Bettesville, Ohio 
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This is particularly true of lower magnesite content blocks. If 
larger blocks are brought up to temperature more slowly their 
life will be just as good as that of the smaller sizes. Higher 
magnesite blccks are not as susceptible to spalling and cracking 
if made with maximum density and fired to high temperature. 
The larger blocks cut down on the joint length which is par- 
ticularly desirable in resisting slag attack. 

Mr. Custer: Uniform temperatures certainly would be help- 
ful. Also, if the high MgO-content brick were burned at high 
temperatures, the density would be greater with resulting bet- 
ter service. 

Mr. Zouter: I prefer the cupola block shapes because of less 
joint area and resulting better service. 

R. A. Cuavy:* What is the influence of graphite addition to 
magnesite or other refractories on corrosion resistance? Refrac- 
tory must be correct chemically to resist slags. High porosity is 
not necessarily bad as it helps to seal pores. For example: 
Porosity of 20 to 22 per cent of high magnesia refractories 
would be considered high for some refractories but actually re- 
sistance to molten slags is good. Graphite is a very refractory 
material and added to clay increases refractoriness. Molten metal 
does not attack clay mixtures with 20 to 25 per cent graphite. 

Mr. Custer: That is chemically correct especially when the 
composition of the slag is not tco different from that of the 
refractory. When using 92-pct MgO brick of 20 to 22 per cent 
porosity the basic slag seals over the brick and good service is 
obtained. The addition of graphite to fireclay materials in- 
creases their refractoriness. Molten metal does not wet or pene- 
trate graphite. 

J. H. Rickey, Jr.:° We have found that 5 per cent graph- 
ite was beneficial and it was suggested that benefit in that case 
might arise not from refractoriness imparted but due to low 
fusion ash of some graphites used in the U. S. which would 
serve to glaze the surface and thus protect the refractory from 
slag erosion. 

CHAIRMAN STONE: What percentage of graphite is required? 

Mr. Custer: The graphite content should be 15 to 20 per 
cent. 

H. W. Lownie, Jr.:° What minimum density is requifed for 
an air-placement type of cupola lining? Also, what is your 
definition of a castable refractory? 

Mr. Custer: The minimum density for air-placement linings 
has not been defined. Castable refractories are those that when 
mixed with water can be poured and acquire a hydraulic set. 
Air-placement materials are blown into place and are not con- 
sidered as castable refractories. The high-strength castable re- 
fractory is a mixture of calcined diaspore, fireclay and a heat- 
resistant hydraulic cement. 

CHAIRMAN Stone: Are natural sandstones still used for cupola 
linings? 

Mr. Custer: Sandstone linings are still used for cupola lin- 
ings but the cost is high due to labor involved. 

Mr. Matruieu: In the Birmingham district air or gun-placed 
linings cost twice as much as sandstone block. This may be due 
to lower wages and class of labor employed in Birmingham on 
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this job. The reverse cost experience was reported by others 

Mr. Rickey: In regard to firestone for acid cupola lining: 
remember that it is leafy in structure and must be placed care 
fully to avoid spalling. Layers should be perpendicular to th: 
cupola wall when blocks are laid. We have found as little as ! 
per cent addition of graphite helpful to fireclay refractories in 
counteracting the wetting tendencies of slags. 

CHAIRMAN STONE: What kind of graphite was used in the 
per cent addition? There is a difference between natural graph 
ite and manufactured carbon. 

Mr. Rickey: The 5 per cent addition was of Mexican graph 
ite. 

Mr. KrarFt: The author shows that at an intermediate temp 
erature the castable refractory has minimum crushing strength 
as compared with both the cast state and high-fired state. What 
is the reason? 

Mr. Custer: This is because the chemical bond imparts a 
high strength on air setting which is weakened by the firing 
until the high temperatures develop the ceramic bond by vitri 
fication of the clays. 

H. A. Horner:? We experienced difficulties with the ganisters 
used in air-placement linings. Some do not stick in place well 
and we found variations of 37 per cent, 17 per cent, and 20 
per cent clay contents in three different shipments of this 
material. The 37 per cent clay content material gave good re- 
sults and the others not so good. What can be done about 
this? 

Mr. Custer: With such variations in clay content the water 
content must be adjusted. Good results can be obtained with 
clay as low as 10 per cent if the right amount of water is added. 
The recommended clay content is 15 to 20 per cent. 

MemBeR: We found that 12 to 15 per cent clay content is 
best and that too much moisture is very harmful. 

Mr. Horner: What is the optimum percentage of moisture? 

Mr. Custer: The correct amount is determined by trial. There 
is found to be less droppage with the gun mix when the batch 
is on the dry side than with higher amounts of water. 

Co-CHAIRMAN JAESCHKE: There may be some misunderstand- 
ing as to what is meant by good staying qualities of air- 
placement ganisters. A wet plastic mixture may stick better as 
applied, with a small amount lost by rebound, but in at least 
one case observed this more plastic mixture did not give as 
good service in melting as did a leaner, drier, mixture that did 
not stick as readily and dropped more material during applica- 
tion. 

MEMBER: It is my opinion that too little research work has 
been done on air-placement lining materials, which we call 
blow mixes. We find that 70 per cent of the dropped or re- 
bounded material is the round pebble ganister. More research 
should be done with angular grain type material. 


* Engineer, E.S.F., Asnieres, France 

5 Sales Manager, Ironton Fire Brick Co., Ironton, Ohio 

® Assistant Supervisor, Battelle Memorial Institute, Columbus, Ohio 
7 Metallurgist, Frick Co., Inc., Waynesboro, Pa. 








MECHANICAL PROPERTIES OF SPHERULITIC 
GRAPHITE CAST IRON 


By 


C. F. Reynolds and H. F. Taylor* 


|. Introduction 


Cast iron is an alloy of iron that usually contains 
from 2.5 to 4.2 per cent carbon, 1.0 to 4.5 per cent 
silicon, and less than 1.0 per cent manganese, plus 
small amounts of impurities such as phosphorus and 
sulphur. In this type of alloy, most of the carbon 
separates from the matrix either as flakes of graphite 
or as spherulites. When the graphite is in flake form 
as it is in gray cast iron, the metal has little if any 
ductility; gray cast iron has always been considered 
a brittle material. Malleable iron was developed to 
provide a material in which the graphite would be 
in a more desirable spherulitic form, with the casting 
qualities of iron but less brittle. 

Metallurgists have long dreamed of casting iron in 
which the graphite precipitates as spheres and in 
which the ductility would approach that of steel. At 
the 1948 Convention of the American Foundrymen’s 
Society, representatives of the B.C.I.R.A. in England! 
and of the International Nickel Company of Ameri- 
ca? introduced rival methods for producing spheru- 
litic graphite cast irons. 

The British used cerium and the Americans used 
magnesium to spheroidize the graphite; a typical 
flake iron was converted to spherulitic form by add- 
ing these materials to a ladle of iron. Barium, cal- 
cium, lithium, and strontium have also been tried as 
“spherulizing” agents, but of these only cerium and 
magnesium are successful commercially. Unfortun- 
ately cerium and cerium-base alloys are relatively ex- 
pensive; also they can only be used for spherulizing 
hypereutectic irons. Magnesium ‘and magnesium-base 
alloys spherulize both hypoeutectic and hypereutectic 
irons and are considerably cheaper than either cer- 
ium or any of its alloys, 

Spherulitic graphite irons are popularly called 
“nodular” or “ductile” irons to distinguish them from 
other forms of cast iron. Known properties for this 
material in the as-cast condition have been as high 
as 80,000 psi U.T.S., 60,000 psi Y.S., with as much as 


* Metai rrocessing Division, Department of Metallurgy, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 
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20 per cent elongation and reduction of area. These 
properties approach requirements for some Ordnance 
castings and the material was of interest to the armed 
services. Accordingly, a contract was made by Water- 
town Arsenal for research to be done at M.I.T. dur- 
ing the fiscal year August 1950 to August 1951, of 
which the following is a report. 


Il. Purpose 


The purpose of this research was to determine the 
properties of the new ferrous alloy, spherulitic cast 
iron, particularly the effects of heat treatment and 
composition, to indicate to what extent this material 
might prove of practical value for Ordnance materiel. 


Ill. Plan of Research 


To the end discussed above, studies were made to 
determine— 

(1) the effect of variations in melting practice on 
the mechanical properties of spherulitic iron, 

(2) the efficacy and practicability of known meth- 
ods for addition of magnesium alloy. 

(3) types of magnesium alloys which could be 
utilized as an inoculant to produce spherulitic cast 
iron with optimum tensile properties, 

(4) the effect of various percentages of carbon, 
silicon, manganese, sulphur, and phosphorus on the 
tensile properties of spherulitic cast iron, 

(5) effect of heat treatment on the properties of 
the cast structure, 

(6) the effect of section size (varying from 14 to 
414 in.) on the yield and tensile strength, elongation, 
and reduction of area, 

(7) a correlation between tensile properties and 
microstructure in an attempt to determine optimum 
mechanical properties obtainable. 


IV. Experimental Procedure 


A 300-lb, tilting type, alundum-lined induction 
furnace was used for melting most heats of spherulitic 
iron. Temperatures were taken with a Leeds and 
Northrup optical pyrometer. The first melts, Table 
1, were all superheated to 2650 F and poured into a 
preheated, clay-graphite reaction crucible which con- 
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TABLE 1—AVERAGE COMPOSITION OF First MELTS 





Carbon, % 3.50 
Silicon, % 3.00 
Manganese, % 0.24 
Phosphorus, % 025 
Sulphur, % 024 
Magnesium, % 0.07 





tained the graphite-spherulizing inoculant. The only 
inoculant available for the early experiments was an 
iron-silicon-magnesium alloy containing 43 per cent 
iron, 43 per cent silicon and 11 per cent magnesium. 
Two and two thirds pounds of this inoculant were 
added to each 100 Ib of low sulphur iron. The re- 
action was moderately violent and continued until 
the crucible was almost filled. A dry, crusty slag 
floated on the surface of the iron. When the crucible 
was about three-fourths full, a post-inculant (ferro- 
silicon containing 75 per cent silicon) was added to 
the metal stream. The amount of ferrosilicon added 
was 1/3 lb per 100 lb of iron treated. Standard 1-in. 
keel-blocks were cast; the temperature of the metal 
at the time of pouring was about 2500 F. 

The above method for making spherulitic cast iron 
proved unsatisfactory. Low spherulizing efficiencies 
were realized as indicated by the presence of appre- 
ciable amounts of unreacted inoculant in the slag and 
by a partially spherulized graphite structure. A typical 
cast iron structure, obtained by the above treatment, is 
shown in Fig. 1. 

In another melting procedure, the bath was super- 
heated to 2850 F in the induction furnace and held 
20 min; then it was cooled to 2750 F before tapping. 
The iron-silicon-magnesium inoculant was placed on 
the bottom of the preheated reaction crucible before 
tapping; the inoculant was added on the basis of 234 
Ib per 100 Ib of low sulphur iron treated. Nickel- 
magnesium, containing about 15 per cent magnesium, 
was also tried. In this case, 1 lb of inoculant was 
used per 100 Ib of low sulphur iron treated. When 
the reaction between the iron and inoculant was 
complete, the slag was skimmed from the surface of 
the metal and the post-inoculant stirred into the 
liquid iron. Four-fifths of a pound of ferrosilicon, 
containing 85 per cent silicon, was added as a post- 
inoculant to each 100 lb of iron treated. Standard 1- 
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in. keel blocks were poured at about 2550 F. Micro- 
scopic investigations indicated the graphite was com- 
pletely spherulized by following this melting pro- 
cedure; however, appreciable amounts of free car- 
bide were present, Fig. 2. 

Based on experience and discussions with the In- 
ternational Nickel Co., a method of treatment was 
developed which proved completely satisfactory and 
was used throughout the investigation. In brief, the 
procedure is (1) to place 2% lb of Fe-Si-Mg or | lb 
of Ni-Mg per 100 lb of low-sulphur metal on the bot- 
tom of a receiving ladle and pouring the cast iron 
upon it. (2) The metal in this ladle is then skimmed 
of slag and poured into a second ladle. (3) The post- 
inoculant (4/5 lb ferrosilicon containing 85 per cent 
silicon and | oz calcium-silicide, per 100 Ib metal) is 
added to the stream while the second ladle is being 
filled. Figure 3 shows a completely spheroidal struc- 
ture produced by this method. 

To determine the effect of time at the temperature 
of superheat upon spherulitic cast iron, a heat was 
made during which the bath was held at 2850 F for 
zero, 10, 20, 30, and 40 min before cooling to treat- 
ing temperature. Fractions of metal at each time in- 
terval were tapped at 2750 F and treated. Tensile test 
data, Fig. 4, serves as a measure of graphite spheruli- 
zation. 

There are four main proprietary magnesium-base 
alloys available commercially as inoculants for pro- 
ducing spherulitic cast iron. These are iron-silicon- 
magnesium, nickel-magnesium, iron-nickel-silicon- 
magnesium and copper-magnesium; these contain 
from 10 to 20 per cent magnesium. Of these, only the 
first two were used in this research, as the latter ones 
were of no particular advantage and introduced an 
extra element unnecessarily. 

A comparison was made of the relative effects of 
the iron-silicon-magnesium and nickel-magnesium al- 
loys upon the tensile properties of nodular iron. The 
data, Table 2, are based on recovering the same 
amount of residual magnesium in the metal after 
casting. The efficiency of the nickel-magnesium alloy 
is greater than it is for iron-silicon-magnesium alloy 
and the amount of contained magnesium is higher; 
so one third as much nickel-magnesium was needed. 

Considerable information®+5 has been published 





Fig. 1—Graphite structure due to im- 
proper melting. 


Fig. 2—Free carbides due to im- 
proper post inoculant. 


Fig. 3—Graphite structure produced 
by proper melting, inoculation, and 
post inoculation. 
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TABLE 2—COMPARISON OF THE RELATIVE EFFECT OF 
FE-SI-MG AND Ni-MG ALLoys ON MECHANICAL PROPER- 
TIES OF SPHERULITIC IRON 





Composition 
Carbon, % 3.38 3.49 
Silicon, % 3.19 3.17 
Manganese, % 0.24 0.28 
Phosphorus, % 0.04 0.03 
Sulphur, % 0.016 0.017 
Magnesium, % 0.067 0.068 
Nickel, % 0 0.85 
As-Cast 
Tensile Strength, psi 73,200 85,000 
Yield Strength, psi 56,600 61,500 
BHN 170 182 
Elongation, % 21 14 
Reduction of Area, % 27.5 12 
Heat Treated 
Tensile Strength, psi 73,200 73,500 
Yield Strength, psi 56,000 57,000 
BHN 158 169 
Elongation, % 21 19 
Reduction of Area, % 24 21 
Average Recovery * 25 50 


% Mg residual 
* © Msadea = ——————— + % Sulphur. 


Efficiency 





concerning the effect of various alloying elements up- 
on the microstructure and mechanical properties of 
spherulitic cast iron. With the exception of most 
recent data regarding the effects of phosphorus® and 
silicon,? no systematic approach to the effect of chem- 
istry has yet been made; consequently, it has been 
impossible to evaluate existing data quantitatively. 
In this work, a systematic study of the effects of car- 
bon, silicon, manganese, phosphorus, and sulphur 


TABLE 4—MECHANICAL PROPERTIES OF ARMCO IRON 
AND CARBON 





Composition 
Carbon, % 3.27 
Silicon, % 2.83 
Manganese, % 0.003 
Phosphorus, % 0.016 
Sulphur, % 0.019 
Magnesium, % 0.056 
As-Cast 
Tensile Strength, psi 65,000 
65,000 
Yield Strength, psi 46,500 
47,750 
BHN 149 
154 
Elongation, % 22.7 
23.9 
Reduction of Area, % 28.8 
28.2 
Heat Treated 
Tensile Strength, psi 63,750 
63,500 
Yield Strength, psi 43,750 
43,500 
BHN 149 
148 
Elongation, % 25.8 
25.8 
Reduction of Area, % 220 


26.8 
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were realized by varying the alloying element under 
consideration and holding all others constant. The 
carbon ranged from 2.26 to 4.00 per cent, silicon from 
1.39 to 4.38 per cent, manganese from 0.033 to 2.13 
per cent, phosphorus from 0.026 to 0.800 per cent, 
and sulphur from 0.017 to 0.09 per cent. The specific 
compositions studied are given in Table 3. The 
photomicrographs are included in Figs. 14, 15, 17, 18, 
20, 21, 23, 24, 26, and 30 and tensile test data, 
plotted as a function of the variable alloying element, 
are shown in Figs. 16, 19, 22, 25, 27 and 29. 

One heat was made using Armco iron melting stock 
and pure carbon to make a cast iron as pure as pos- 
sible. The reason was to determine if small amounts 
of incidental impurities found in commercial iron 
had an unusually deleterious effect on spherulitic iron, 
The results are given in Table 4. 

In many cast metals, section size has marked effect 


TABLE 3—COMPOSITIONS OF SPHERULITIC IRONS 
INVESTIGATED 





Final Residual 
No. C% Si% Mn% PG S% Mg% Ni% 


1 2.26 3.27 0.42 0.036 0.016 0.057 — 
2 2.45 3.13 0.42 0.036 0.016 0.054 = 
3 3.00 3.17 0.42 0.036 0.016 0.057 —— 
4 
5 





3.55 3.05 0.42 0.036 0.016 0.045 — 
4.00 3.04 0.25 0.034 0.011 0.069 — 








— Average 3.13 0.39 0.036 0.015 0.056 ine 


6 3.55 1.39 0.27 0.036 0.016 0.057 0.72 
7 3.44 1.76 0.27 0.036 0.016 0.061 0.72 
8 
9 





3.44 2.15 0.27 0.036 0.016 0.059 0.70 
3.41 2.78 0.27 0.036 0.016 0.065 0.72 
10 3.49 3.17 0.28 0.032 0.017 0.068 0.85 
1] 3.14 3.73 0.28 0.032 0.017 0.075 0.81 
12 3.22 4.38 0.28 0.032 0.017 0.068 0.89 


~— 3.38 Average 0.27 0.34 0.016 0.065 0.85 


13 3.38 3.19 0.24 0.040 0.016 0.067 — 
14 3.25 3.19 0.46 0.040 0.016 0.068 _— 
15 3.30 3.19 0.67 0.040 0.016 0.062 — 
16 3.38 3.19 0.92 0.040 0.016 0.058 — 
17 3.33 3.09 0.92 0.046 0.018 0.048 —_— 
18 3.19 3.15 1.67 0.046 0.018 0.054 — 
19 3.30 3.14 2.13 0.046 0.018 0.051 — 


— 3.30 3.16 Average 0.043 0.017 0.058 a 


20 3.40 3.40 0.24 0.026 0.015 0.063 — 
2i 3.35 3.49 0.32 0.040 0.014 0.063 — 
22 3.35 3.49 0.32 0.080 0.014 0.064 — 
23 3.35 3.49 0.32 0.158 0.014 0.064 _ 
24 3.35 3.49 0.32 0.340 0.014 0.064 ante 
25 3.19 3.08 0.42 0.800 0.018 0.054 owe 

















— 3.33 3.41 0.30 Average 0.015 0.062 -- 


26 3.16 3.35 0.25 0.030 0.017 0.085 = 
27 3.16 5.36 0.25 0.030 0.017 0.067 — 
28 3.16 3.30 0.25 0.030 0.018 0.058 — 
29 3.16 3.10 0.25 0.030 0.028 0.044 — 


—- 3.16 3.28 0.25 0.030 0.020 Average — 











30 3.25 3.17 0.25 0.030 0.025 0.054 o~ 
31 3.49 3.17 0.28 0.032 0.017 0.068 0.85 
$2 3.25 2.96 0.26 0.034 6.018 0.049 1.39 


— 3.33 3.10 0.26 0.032 0.020 0.057 Average 








33 327 283 0.033 0016 0019 0056 — 
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Fig. 4—Effect of holding time in furnace at 2850° F on 
mechanical properties. 


upon microstructure and mechanical properties. Keel 
blocks were made, varying in cross-section from 14 to 
41% in. The castings were poured at about 2550 F. 
Tensile test data on specimens taken from the various 
sections, shown in Figs. 34 to 36, are plotted as a func- 
tion of section size in Fig. 33. Photomicrographs are 
included in Figs. 31 and 32. 

To determine how nearly the properties of spheru- 
litic iron might approximate low-carbon steel, in par- 
ticular its good strength and high ductility, speci- 
mens were heat treated to produce a structure in 
which the spherulites were distributed through a 
completely ferritic matrix. One inch cubes were 
packed in annealing boxes with cast iron chips and 
heated to 1650 F. After holding at temperature for 
1 hr, the specimens were furnace cooled to 1275 F and 
held at this temperature for different lengths of time. 
The specimens were removed from the furnace at 


TABLE 5—-EFFECT OF SECTION SIZE ON MODULUS OF 











ELASTICITY 
Section Size, Modulus of Elasticity, 
in. psi x 10° 
— 24.4 
% 21.2 
1 30.4 
1 30.0 
2 31.0 
2 27.5 
3 26.0 
3 28.0 
414 33.0 
414 27.0 
Average 27.9 


Note: All tensile bars were fully annealed. 
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successive intervals and cooled in air to room temp- 
erature. Brinell hardness was measured to determine 
the rate of pearlite decomposition. These data, plot 
ted as a function of holding time at 1275 F, are in- 
cluded in Figs. 39 to 41. These particular heat treat 
ing temperatures are those used in industry. However, 
based on current results and the constitution diagram 
of iron-carbon-silicon the temperatures were too low 
for optimum ferritizing treatment. The tensile bars 
were heated to 1768 F for | hr, furnace cooled to 1350 
F, and held 5 hr. Tensile test data for the heat 
treated specimens are included in Figs. 16, 19, 22, 25, 
27 and 29. 

Evaluation was made of modulus of elasticity using 
specimens cut from the various sections (from 14 to 
41% in. thick). The values are reported in Table 5. 


V. Discussion of Results 


For simplicity, results of the various experiments 
will be discussed under separate sub-headings. 


A. Microstructure as a check on practice—The spheru- 
litic form of graphite is so well defined it is easy to 
predict inoculating efficiency from microstructures. 
Figures 1, 2, and 3 show respectively an unsatisfac- 
tory structure containing so-called “‘crab-graphite,” an 
unsatisfactory structure containing carbide, and a 
fully satisfactory matrix of ferrite with well formed 
and well dispersed spheroids of carbon. The unsatis- 
factory structures are due to improper metal tempera- 
ture and incomplete post inoculation; the good struc- 
ture was dependably produced by close control of 
metal temperature, by altering the composition of 
the post inoculant (to contain both ferro-silicon and 
calcium-silicide) and by reladling the metal to in- 
sure proper mixing. 


B. Effect of holding time before inoculation—2850 F 
was selected as suitable metal temperature for deter- 
mining the effect of holding time upon the efficiency 
of inoculation. It was thought undissolved particles 
in the melt might act as foreign nuclei and alter the 
spherulizing behavior. Figure 4 contains the data 
showing effect of holding time in furnace on mech- 
anical properties. Ductility (% El. and R.A.) in- 
creased to a maximum of 20 per cent after 20 min 
holding time. At higher temperatures the critical 
holding time would surely decrease. After 20 min, 
the ductility reached a constant value which was es- 
sentially unaltered up to 40 min holding time. The 
photomicrographs of Fig. 5 show evidence of an un- 
desirable phase in the samples held for 0 and 10 min; 
these are the samples giving low ductility. 


C. Effect of holding time after inoculation—It is later 
shown that some residual magnesium must be left in 
the iron after inoculation to produce a satisfactory 
spherulitic structure; this amount is from 0.045 to 
0.09 per cent. The amount of residual magnesium 
decays with holding time in the ladle. To determine 
the critical time for conditions used in the laboratory, 
ladles of treated metal were held for 2, 4, 8, 16 and 
32 min. Analyses were obtained for residual mag- 
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0 min 


30 min 


nesium and the results are given in Fig. 6. This 
shows that holding times up to 20 min, at least, are 
not deleterious. For larger volumes of metal, for 
ladles with different shapes, the critical time could 
be expected to vary. It is naturally best to pour the 
metal as soon as possible after treatment, but it is 
published* that holding time up to 1 hr in large 
ladles still gave satisfactory results. 

D. Flu'dity measurements— Using the spiral fluidity 
mold developed at N.R.L.,§ the fluidity of spherulitic 
iron was compared with gray iron of the same base 
composition. Temperatures were measured with a 
calibrated Pt-Pt 10% Rh thermocouple and spirals 
were poured successively as the metal cooled in the 
ladle. The metal temperature was equalized in the 
ladle by stirring before pouring each spiral. 

The fluidity of spherulitic iron is the same as gray 
iron of the same base composition, as shown by the 
juxtaposition of the two curves in Fig. 7. 

E. Shrinkage characteristics—No quantitative mea- 


NOTE: 
e+ TIME APPROXIMATELY DOUBLE 
QUE TO STIRRING ACTION 
OF THE FURNACE. 


PERCENT RESIDUAL MAGNESIUM 





15 20 25 30 35 40 45 50 55 60 65 70 75 
HOLDING TIME - MINUTES 


Fig. 6—Effect of holding time in ladle on residual 
magnesium. 
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Fig. 5—-Effect of holding time in fur- 
nace at 2850 F on microstructure 
Unetched. Mag. 50x. 





40 min 


surements were made on the shrinkage characteristics 
of spherulitic iron; the qualitative visual appraisal 
seemed adequate. In early experiments, tests were 
made to determine the best type casting for obtain- 
ing material for tensile testing (the keel block proved 
best). Figure 8 shows how the comparative castings 
were made. Figures 9, 10, and 11 indicate spherulitic 
iron shrinks considerably during freezing. Gross 
shrinkage, Fig. 9, sponge shrinkage, Fig. 10, and sur- 
face dishing, Fig. 11, indicate shrinkage similar to 
that of cast steel. Based on observations of many 
castings, it can be observed generally that shrinkage 
is slightly less than for steel and the shrinkage cavity 
is flatter and less “carrot shaped.” Also, there is more 
of a tendency for sponge shrinkage. The flat nature 
of the shrinkage cavity indicates the shrinkage inter- 
val is considerably shorter for nodular iron than for 
cast steel; in cast steel shrinkage is a continuous pro- 


cess from beginning to end of solidification, giving 
rise to the “carrot shape” of the shrinkage cavity. 


S$ 0.016% 0.017% 
Mg 0.056% o% 
Ni 0.90% o% 
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Fig. 7—Comparison of the fluidity of spherulitic iron and 
gray iron. 
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Addition of alloys increased shrinkage. The most 
spectacular effect was shown by phosphorus; Figure 
12 shows castings containing 0.04 and 0.800 per cent 
phosphorus. Not only is gross shrinkage much greater 
for the higher phosphorus content, but the casting 
increased in size during or after solidification. The 
molding sand was actually forced from the flask, as 
shown in Fig. 13. Dimensions are given on the cast- 
ings to indicate final size; the same pattern was, of 
course, used to prepare each mold originally, and ex- 
cept for phosphorus content, the analyses of the cast- 
ings are the same. 


F. Pinholes—Pinholes in spherulitic iron are a ser- 
ious and recurrent problem in industry, as in manu- 
facture of castings from most other metals. In early 
experiments of this investigation, much trouble was 
encountered from this source. Later, after many 
changes including better overall control of processing, 
composition, and pouring temperature, pinholes were 
no longer a serious problem. From work to date, it 
is not possible to develop a theory for the cause and 
control of pinholes. 


G. Effect of alloying elements—The base iron used 
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Fig. 8—Various test coupons cast in 
sommon mold from a single sprue. 


9—Cloverleaf castings having 
gross shrinkage. 


Fig. 10 (Lett)—2-in. keel block hav- 
ing sponge type shrinkage. 


Fig. 11 (Right)—Y¥2-in. keel block 
having dish type shrinkage. 


for evaluating the effect of composition contained 3.30 
per cent carbon, 3.20 per cent silicon, 0.24 per cent 
manganese, 0.04 per cent phosphorus, and 0.017 per 
cent sulphur; each element was varied independently 
from the above base values, holding all else constant. 
The particular values for carbon and silicon were 
chosen from previous data to give an iron having 
relatively good properties without addition of alloys. 


1. Effect of carbon—The photomicrographs of Figs. 
14 and 15 and the curves of Fig. 16 show the changes 
in microstructure and mechanical properties as car- 
bon is increased from 2.26 to 4.00 per cent; photomi- 
crographs and curves are included for heat treated 
and as-cast properties. 

Maximum tensile strength occurred at about 3.0 
per cent carbon; tensile strength increased from 80,- 
000 psi at 2.26 per cent carbon to 100,000 psi at 3.0 
per cent carbon falling off to about 70,000 psi as car- 
bon increased to 4.0 per cent. As-cast ductility, elon- 
gation and reduction of area, increased steadily from 
2.0 per cent to about 25 per cent over the same 
range. Hardness fell steadily from 250 BHN to 160 
BHN, while yield strength dropped from 75,000 psi to 
50,000 psi. 





ng 


ck 


——=— SS oe Vr 


——_ . 





C. F. REYNOLDs AND H. F. TAyYLor 


Phosphorus 
Low High 





Fig. 12—Effect of phosphorus on shrinkage and growth. 


Heat treatment lowered tensile and yield strength 
and hardness, and levelled out the effect of carbon; 
ductility was increased for all values of carbon except 
1.0 per cent, where the structure was already com- 
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Fig. 13—Effect of low and high phosphorus castings on 
sand molds. 





Fig. 14—-Effect of per cent carbon on 
microstructure of 1-in. keel block as- 
cast. 3.13% Si. Nital etch. Mag. 50x. 








694 

















%c— 
%Si- 3.13 %S -0.015 
%Mn-0.39 %Mg- 0.056 
%P -—0.036 %Ni-O 
AS 
— — ANNEALED 
e_'00 
<2 90,00 
rx 
bi 80,000 
=2 
ow 70,000 
Be 
” 60,000 
wo 
aw 50,000 ir 
—— “ 
Ww" 40,000 250 s 
| 
30,000 2302 
w 
210 % 
5 
190 o 
a 
170 = 
al 
z 150 Zz 
S 30 2 
Fa) a 
J 
a 25 
O53 20 
ac 
a 
3. 15 
= © 
= 4 
: 
S S 
WwW 


° 


2 


2.5 3.0 3.5 4.0 4.5 
% CARBON 


Fig. 16—Effect of carbon on mechanical properties of 1-in. 
keel block. 
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Fig. 15—Effect of per cent carbon on 
microstructure of heat treated 1-in. 
keel block. 3.13% Si. WNital etch. 
Mag. 50x. 


pletely ferritic and no decomposition of pearlite was 
needed. The maximum change in ductility due to 
heat treatment occurred for the 2.45 per cent carbon 
iron where it increased from about 2 per cent to 28 
per cent reduction of area. 

The effect of heat treatment, seen by comparing 
microstructures, is largely one of decomposing pear- 
lite. The spherulitic structure is not satisfactory in 
the lower carbon compositions. There will, of course, 
be some stress relief due to heat treatment, but for 
large, slowly cooled, castings it is not significant. 


2. Effect of silicon—The effect of silicon, varying 
from 1.39 per cent to 4.38 per cent, is shown in the 
as-cast and heat treated microstructures of Figs. 17 and 
18, and in the curves of Fig. 19. At low silicon levels, 
the microstructure is chiefly pearlitic with massive 
carbides. The spherulites are large and relatively 
few in number. That silicon is a strong ferrite former 
is shown in the microstructures; at 3.0 per cent sili- 
con the matrix is largely ferritic. 

As-cast tensile strength decreases from 100,000 psi 
at 1.39 per cent silicon to 80,000 psi at 3.17 per cent 
and increases to 98,000 psi at 4.5 per cent; yield 
strength remains fairly constant at 60,000 psi to 3.0 
per cent silicon and increases to 75,000 psi at 4.5 per 
cent. Brinell hardness drops from 230 to a low of 
180 and increases to 215, while ductility increases 
from 5.0 per cent to about 18.0 per cent and then 
decreases to 8.0 per cent. The critical silicon con- 
tent for maximum and minimum values of mechan- 
ical properties is about 3.0 per cent. 

Obviously the as-cast mechanical properties follow 
the relative proportions of carbide, pearlite, and fer- 
rite, and these will be influenced by cooling rate. 
Heat treatment reduces all structures to a ferrite mat- 
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rix. Tensile strength increases steadily from 60,000 
psi to 95,000 psi at 4.38 per cent silicon, yield strength 
from 45,000 to 75,000 psi; hardness increases from 120 
BHN to 220 BHN over the same range, and ductility 
drops steadily from a maximum of about 25 per cent 
to 15 per cent. The increase in heat treated tensile 
and yield strength and hardness and reduction in 
ductility is due directly to the solid solution effect of 
silicon in ferrite. Silicon is an excellent ferrite 
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3. Effect of manganese—Manganese is a carbide 
former in spherulitic iron and contributes to pearlite 
formation; dissolved in ferrite, it behaves as a solu- 
tion hardening agent. Tensile and yield strengths 
and hardness increases, Fig. 22, are accompanied by 
a marked decrease in ductility. Addition of 1.0 per 
cent manganese increased as-cast tensile and yield 
strength values some 3,000 psi and dropped ductility 
from about 30 to 15 per cent. Manganese, Figs. 20 
and 21, does not appear to effect the size or number 





e 
: Fig. 18—Effect of per cent silicon on 
a eo lod microstructure of heat treated 1-in. 
Pee = keel blocks. 3.38% C. Nital etch. 
Se 4 eae %, Mag. 50x. 
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Fig. 19——Effect of per cent silicon on mechanical prop- 
erties of 1-in. keel blocks. 


of spherulites. 

Values for heat treated specimens were not materi- 
ally different than as-cast values except where car- 
bides were prevalent at about 1.0 per cent. At 2.0 
per cent manganese, ductility in heat treated speci- 
mens was only about 10.0 per cent for tensile and 
yield strengths of 70,000 and 55,000 psi respectively. 
Five hours at 1350 F was not sufficient to completely 
decompose the pearlite of the high manganese irons; 
carbides were also detrimental to graphite shape. 


4. Effect of phosphorus—As phosphorus is increased 
from essentially 0 to 0.8 per cent, the amount of pear- 
lite increases in the as-cast structure, Figs. 23 and 24. 
From the curves of Fig. 25, there is a marked increase 
in tensile strength from 65,000 to 82,000 psi as phos- 
phorus increases from 0 to 0.08 per cent; yield strength 
increases from 45,000 to 70,000 psi in going from 0 to 
0.34 per cent phosphorus, at which point it is interest- 
ing to note the yield to tensile ratio is unusually high, 
about 92 per cent. Ductility drops sharply from about 
25 per cent to a low of 3.0 per cent ‘at 0.2 per cent 
phosphorus. 

Heat treatment levels out the effect of phosphorus 


Fig. 20—Effect of per cent manganese on microstructure 
of 1-in. keel blocks as-cast. 3.30% C, 3.16% Si. Nital 
etch. Mag. 50x. 
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0.92%, 0.92%, 
Fig. 21—Effect of per cent manganese on microstructure 


of heat treated 1-in. keel blocks. 3.30% C, 3.16% Si. Nital 
etch. Mag. 50x. 


on yield and tensile strength, and hardness, and 
markedly lessens the slope of the curve showing de- 
creased ductility; the decrease is steady from about 25 
per cent to essentially 0 per cent at 0.60 per cent 
phosphorus. 

Attention is called to the photographs of Fig. 12, 
which shows the unique shrinkage behavior of high 
phosphorus, 0.80 per cent, spherulitic iron. Not only 
did the casting “grow’’ in size during or after solidi- 
fication, but the surface of the casting is cracked and 
veined in a network, or checkerboard, fashion. The 
photomicrographs of Figs. 23 and 24 show consider- 
able steadite, an extremely low melting point ter- 
nary eutectic of alpha ferrite, iron phosphide, and 
cementite, surrounding the previously solidified iron. 

Phosphorus appears to reduce spherulite size and 
increase the number of spherulites; as compared with 
an 0.04 per cent phosphorus iron, Fig. 24, 0.80 per 
cent phosphorus, about doubles the number of spher- 
ulites and halves their size. 


5. Effect of residual magnesitum—Magnesium is a 
strong deoxidizer and desulphurizer; by some mech- 
anism, not completely understood, magnesium also 
acts to form or stabilize carbides. The role which 
seems of paramount significance in spherulizing 
graphite is the ability of magnesium to desulphurize 
iron; at least one rigid requirement for spherulitic 
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Fig. 24—Effect of per cent phosphorus on microstructure of heat treated 1-in. keel blocks. 3.33% C, 3.41% Si. Nital 
etch. Mag. 50x. 
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Fig. 25—Effect of phosphorus on mechanical properties of 
1-in. keel blocks. 


copper, nickel, or ferro-silicon is alloyed with mag- 
nesium to reduce violence of reaction. The sulphur 
and magnesium combine to form a sulphide which 
rises and can be skimmed from the surface of the 
molten metal. It is essential that some residual mag- 
nesium remain in the iron after treatment; the form 
in which it exists is not currently known. 

Figure 27 shows the effect of residual magnesium 
on mechanical properties. The composition of base 
iron selected is one known to be typical and satis- 
factory for treatment. Below about 0.04 per cent 
residual magnesium the iron remains gray and above 
about 0.085 per cent becomes mottled. This limits 
the permissible safe range to these values, i.e. between 
0.04 and 0.085 per cent residual magnesium. The 
strength, hardness, and ductility all rise sharply in 
the region of 0.04 per cent residual magnesium and 
strength and hardness may rise or fall sharply again 
at 0.085 per cent; at the higher limit ductility drops 
sharply. 

Heat treatment does not change mechanical prop- 
erties of the as-cast iron; this is because the size and 
composition of castings were purposely selected to 
produce a completely ferritic matrix. 

Figure 28 shows a linear relationship for weight 


Fig. 26—Effect of per cent residual magnesium on micro- 
structure of as-cast and heat treated 1-in. keel blocks. 
3.16% C, 3.28% Si. Nital etch. Mag. 50x. 
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Fig. 27—Effect of residual magnesium on mechanical 
properties of 1-in. keel blocks. 


per cent sulphur added to weight per cent residual 
magnesium lost. Sulphur was added to a ladle of 
metal tapped at intervals from a large crucible which 
originally contained 0.085 per cent magnesium. The 
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Fig. 29—Effect of nickel on mechanical properties of 1-in. 
keel blocks. 


magnesium sulphide was skimmed from the first ladle 
before reladling for inoculation. 

The effect of residual magnesium on microstruc- 
ture is shown in Fig. 26. For increasing content the 
graphite particles become shorter and thicker until 
at about 0.04 per cent residual magnesium they be- 
come spherical. No further change in microstructure 
occurs to 0.10 per cent residual magnesium, when the 
iron becomes mottled and carbides or graphite string- 
ers appear. This upper limit depends somewhat upon 
post-inoculation, chilling tendency of the iron, and 
section size of casting, and so is not a rigorous limit; 
it is known, however, the upper limit is very close to 
0.10 per cent residual magnesium. 


6. Effect of nickel—Figure 29 and Figure 30 show 
the effect of nickel is entirely one of solid solution 
in the ferrite. The strength and hardness increase 
and ductility drops slightly as nickel increases from 
0 to 1.5 per cent. 

Heat treatment lowers tensile and yield strength 
about 5,000 psi and raises ductility from about 20 to 
25 per cent. 

The effect upon microstructure is nil as the nickel 
is completely dissolved; this is shown in Fig. 30. 


H. Effect of section size— The cooling rate of spher- 
ulitic cast iron determines the amount of pearlite and, 
within certain limits, the size of the spherulites. The 
amount of pearlite, in turn, effects the strength, hard- 
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Fig. 30—Effect of per cent nickel on microstructure of as-cast and heat treated 1-in. keel blocks. 3.33% C, 3.10% Si. 
Nital etch. Mag. 50x. 


ness, and ductility of the iron, while spherulite size, 
again within limits, is not particularly significant. 

The photomicrographs of Figs. 31 and 32 show the 
decreasing proportions of pearlite in the microstruc- 
ture as section size increases. This is a direct effect 
of cooling rate; the curves of Fig. 33 show a reduc- 
tion in strength and hardness, and increase in ductil- 
ity for specimens from bars 4 to 11% in. thick, and 
little or no effect for larger bars in which cooling 


rate was slow enough to allow an almost completely 
ferritic matrix in the as-cast condition. The photo- 
micrographs also show the relatively greater change 
(pearlite decomposition) in the smaller sizes due to 
heat treatment. 

The properties of the l-in. section are not in keep- 
ing with those of the other sizes, although all bars 
were poured from the same heat of metal; this is be- 
cause the l-in. bars were of the inverted “U” type, 


2 in. 





Fig. 31—Effect of section size on mi- 
crostructure of keel blocks as-cast. 
3.30% C, 2.78% Si. Nital etch. 
Mag. 50x. 











Fig. 34, and all others were “Y” shaped, Figs. 34, 35, 
and 36. Since the two legs of the keel block were so 
short and close together, the net effect was that of a 
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Fig. 33—Effect of section size on mechanical properties 
of keel blocks. 
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Fig. 32—Effect of section size on mi- 

crostructure of heat treated keel 

blocks. 3.30% C, 2.78% Si. Nital etch. 
Mag. 50x. 


much thicker section. No reason is evident why the 
microstructure and properties of this bar are so much 
better than for any of the other specimens. 

The proportions of pearlite and the size and num- 
ber of spherulites were determined by lineal analysis® 
and plotted in Figs. 37 and 38 as a function of sec- 
tion size. These curves, when compared with mech- 
anical property curves of Fig. 33, show clearly the 
effect of pearlite and spherulite size. 


I. Effect of heat treatment— The effect of heat treat- 
ment on mechanical properties and microstructure of 
spherulitic .iron has been discussed throughout the 
report; Figures 39 to 41 show how the hardness 
(which is taken as an index of rate of pearlite de- 
composition) varies as specimens are held at 1650 F 
for 1 hr, furnace cooled to 1275 F, and removed from 
the furnace at regular time intervals. The rate and 
amount of softening varies slightly with alloy and 
alloy content; in most cases 6 hr is adequate. 

The compositions of base irons used for this in- 
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Fig. 34—Location of test bars in 2 and 1-in. castings. 
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Fig. 35—Location of test bars in 2 and 3-in. castings. 
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vestigation were confined generally to those which 
would yield essentially a ferritic, or ferritic-pearlite 
matrix; and so the influence of heat treatment is not 
great, being confined to pearlite decomposition and 
some stress relief. Spherulitic graphite structures can 
be produced in martensitic, austenitic, acicular, and 


other structures where the effect of heat treatment 
would be more pronounced; also, these irons can be 
supercooled by chilling to form spherulites of micro- 
scopic proportions which can then be grown to large 
size by annealing. Ductility would also be more 
markedly improved in small castings where stress re- 
lief would be a consideration. 
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Fig. 36—Location of test bars in 41/2-in. castings. 
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Fig. 37—Volume per cent of pearlite as a function of 
section size. 


Vi. Summary 

The newness of spherulitic iron precludes rigorous 
appraisal of its potential future and position as an im- 
portant engineering material; from all pertinent facts 
to date, however, this future looks extremely bright. 
The work reported herein is not extensive enough to 
provide all data for an intelligent estimate of the 
extent to which nodular iron can be used for military 
materiel; however, the following specific conclusions 
may be drawn. 

1. As-cast tensile and yield strengths for ferritic 
spherulitic iron drop sharply from 93,000 and 70,000 
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Fig. 38—Spherulite size as a function of casting section 
size, as-cast condition. 


psi to 80,000.and 60,000 psi as section size changes 
from 14 to 1 in. The drop in these properties is then 
gradual to 70,000 and 53,000 psi for section 414 in. 





3.0 6.0 
HOURS 





3.0 6.0 24 


HOURS 


Fig. 39—Effect of carbon and silicon on rate of pearlite decomposition at 1275 F after furnace cooling from 1 hr at. 1650 F. 





KON 





ion 


res 
en 
in. 











C. F. REYNOLDs AND H. F. TAaytor 705 


220 
200 
180 
160 


180 PHOSPHORUS- FIGURE 40B 








0.75 1.5 3.0 6.0 24 
TIME- HOURS 
220 


200 


0.92% Mn 


——— ee es 


180 0.46% Mn 
1GQ| 0.24% Mn 


BRINELL HARDNESS NUMBER 
(e) 


140 MANGANESE - FIGURE 40A 








0 0.75 1.5 3.0 6.0 24 
TIME - HOURS 


Fig. 40-—Effect of manganese and phosphorus on the rate of pearlite decomposition at 1275 F after furnace cooling from 
1 hr at 1650 F. 


thick. Hardness follows strength properties closely per cent in 414-in. section. This reflects directly the 
and ductility increases initially from 5 per cent elon- trend in relative amounts of pearlite transformed 
gation and reduction of area in 14-in. sections to 15 during solidification and cooling. 
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Heat treatment completes the transformation to a 
ferritic matrix and tensile and yield strengths are 
constant for all section sizes at 70,000 and 52,000 psi; 
hardness is also constant at 160 BHN, while ductility 
decreases from 22 per cent in the 14-in. section to 
about 15 per cent for the 414-in. specimens. 

2. Comparison of photomicrographs and corre- 
sponding mechanical properties indicate that micro- 
structure is a good index of quality. Table 6 shows 
the best properties obtained for pearlitic (high 
strength-low ductility) and ferritic (low strength-high 
ductility) spherulitic irons. It is obvious that any 
combination of strength and ductility can be ob- 
tained by varying the ratio of these structures. The 
“typical properties” column indicates values that 
could be expected conservatively from day to day shop 
operations. For optimum strength without alloying, 
an all pearlitic matrix is required and for optimum 
ductility an all ferritic matrix. 


TABLE 6 





TS.,psi Y.S., psi EL.,% R.A.,% BHN 





As-Cast 
Best Strength* 100,000 73,000 5 4 235 
Best Ductility 73,000 56,000 21 27.5 170 
Typical Prop. 80,000 60,000 15 15 185 
Heat Treated 
Best Strength* 95,000 78,000 15 15 220 
Best Ductility 78,000 60,000 24 20 175 
Typical Prop. 70,000 55,000 20 20 160 


* A higher strength could be obtained by varying more than one 
element at a time—low carbon, high silicon and high man- 
ganese. 





3. Figures 16, 19, 22, 25 and 27 show respectively 
the effects of carbon, silicon, manganese, phosphorus 
and residual magnesium on the tensile properties of 
spherulitic iron; curves are given for the as-cast and 
heat treated condition. The curves are easy to analyze 
and a concise verbal picture has been provided under 
discussion of results; so it is not considered necessary 
to re-analyze the data in detail here. Nickel, silicon, 
manganese, and phosphorus contribute to the mech- 
anical properties of heat treated spherulitic irons by 
their solid solution effect on the ferrite. The effect 
on as-cast alloys depends jointly upon cooling rate 
(section size) and upon the particular effect of the 
alloy on formation and stabilization of carbides and 
pearlite; so it is not possible to predict the effect 
rigorously, except as found for the particular condi- 
tions of this research. However, it is felt the limits 
given for optimum amounts of each element are fair 
and are commercially applicable. 

Although nearly any hypo- or hypereutectic cast 
iron can be used as a base for nodulizing, the pre- 
ferred analysis for an average high ductility, ferritic, 
nodular iron is 2.8 to 4.2 per cent carbon, 1.5 to 4 
per cent silicon, 0.25 to 0.75 per cent manganese, less 
than 0.25 per cent phosphorus, and less than about 
0.06 per cent sulphur. 

4. It was not necessary to investigate all possible 
magnesium alloys which could be used as inoculants 
for making spherulitic iron. Many experiments made 
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before and during initial tests showed that any in- 
oculating agent which produced spherulites of carbon 
in a ferrite matrix would yield the same mechanical 
properties as any other; except, of course, for good 
or bad effects introduced by solution of an incidental 
element. For example, nickel, silicon or copper used 
as a carrier for magnesium would produce a solid 
solution effect corresponding to the alloy and the 
amount added; if the carrier inadvertently introduced 
some titanium, carbides might form and the graphite 
might not be satisfactorily spherulitic. Table 7 lists 
23 magnesium alloys and their approximate efficiency. 
This list was compiled from the authors’ data and 
data given in the literature. 








TasBLeE 7—-ALLOYING EFFICIENCY OF VARIOUS MAc- 
NESIUM INOCULANTS 
Alloy Approximate Efficiency, %, 
1. Mg-Cu 50-50 10 
2. Mg-Cu 30-70 13 
3. Mg-Cu 20-80 15 
4. Mg-Cu 10-90 23 
5. Mg-Cu-Zn 50-35-15 5 
6. Mg-Cu FeSi 6-10 $2 
7. Mg-Cu FeSi 13-10 24 
8. Mg-Ni 50-50 8 
9. Mg-Ni 20-80 40 
10. Mg-Ni 10-90 50 
11. Mg-Si 63-27 8 
12. Mg-Fe-Si 11-43-43 25 
13. Mg-Zn 50-50 <5 
14. Mg-Zn 25-75 <5 
15. Mg-Bi 50-50 <5 
16. Mg-Bi 15-85 10 
17. Mg-Al 55-45 15 
18. Mg-Al 20-80 s 
19. Mg-Li 90-10 6 
20. Mg-Sb 20-80 <5 
21. Mg-Si 80-20 10 
22. Mg. airplane scrap 7 
23. Cell Mg. 100 <5 





The four typical magnesium alloys currently avail- 
able are copper-magnesium, nickel-magnesium, iron- 
silicon-magnesium and _ nickel-silicon-magnesium. Of 
all these, iron-silicon-magnesium proved fully as good 
as any and, for purposes of this research, had the 
added advantage of not introducing an extra element 
not already required in cast iron. 

5. A simple, fool-proof, method for treating gray 
iron to make spherulitic iron is described below. 

Spherulitic iron of high quality can be made de- 
pendably by treating low sulphur gray iron with a 
magnesium-bearing inoculant. Sulphur content should 
be below 0.06 per cent for economical treatment and 
enough inoculant should be used to reduce sulphur 
below about 0.015 per cent and leave from 0.04 to 
0.09 per cent residual magnesium in the iron. Spe- 
cifically the technique which proved satisfactory at 
M.I.T. was as follows: 

(1) Superheat the iron to about 2850 F and hold 
20 min, cool to 2750 F before tapping. (At higher 
temperature, this holding time is correspondingly 
less.) 

(2) Place the inoculant (which may be Fe-Si-Mg, 
Ni-Mg or Cu-Mg) on the bottom of a receiving ladle 
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and fill with metal. 

(3) Remove the slag which forms and collects on 
the surface of metal in the ladle. 

(4) Pour the metal into a second ladle and add a 
post-inoculant (which may be 0.50-0.75 per cent sili- 
con as 75 per cent ferrosilicon or 85 per cent ferro- 
silicon, and should contain about 0.06 per cent cal- 
cium-silicide) to the molten stream. 

(5) This metal is now ready for use and may be 
poured into typical molds of green or dry sand. 

The above method is more complicated than has 
been found necessary in practice where reladling is 
not essential. However, this method is excellent for 
laboratory use and gives dependable results. 

(6) The chief requirements for melting are that a 
satisfactory base iron be used and that the metal be 
superheated to a high enough temperature and held 
at temperature long enough for complete solution of 
flake forming nuclei. 2850 F for 20 min proved a 
satisfactory combination of temperature and time. 
It is well known that metal melted in any type of 
furnace is satisfactory as a base for making spherulitic 
iron; the particular economic requirement in this 
respect is that sulphur be less than 0.06 per cent 
before treatment; this suggests a basic-lined cupola 
as the most economical melting unit. 


Vil. Conclusion 
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APPENDIX 
1. Chemical Determinations 


Carbon, silicon, manganese, phosphorus, sulphur, 
and nickel were analyzed by Dr. Walter Saunders, 
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Providence, R. I. Of these, only carbon requires spe- 
cial care if white iron samples are not available. To 
obtain the most representative sample, a single frac- 
ture: piece of spherulitic iron should be analyzed. 
Carbon determinations for this investigation were 
taken from white iron samples. Magnesium was de- 
termined spectrographically by the Chicago Spectro 
Service Laboratory, Chicago. 


2. Mechanical Testing 


Mechanical tests were conducted on a 200,000-lb 
Tate-Emery hydraulic testing machine using the 50,- 
000-Ib full-scale range. Standard 0.505-in. diam test 
bars were tested according to the ASTM procedure. 
Yield strengths were determined by Berry strain gage 
and divider method and both methods were found to 
be in close agreement. Therefore, unless otherwise 
stated, the divider method was used to determine the 
yield strength. 
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Fig. 42—Stress-strain curve for heat treated 2-in. keel 
block. 


Figure 42 is a stress-strain curve of a typical spheru- 
litic iron. The visual appearance of the tensile bar 
will be unchanged until the yield point is reached; 
thereafter, the entire gage length will show signs of 
working and will reduce uniformly, in contrast to 
the highly localized reduction shown by a steel ten- 
sile bar. The fracture may be (1) light, which is 
caused by the crystals failing by cleavage, (2) dark, 
which is caused by the crystals failing by shear, or (3) 
a combination of light and dark which is the usual 
condition. 


3. Machinability 


An extensive and quantitative research on mach- 
inability has been done by Metcut Research Associ- 
ates for the U.S. Air Force.1° The results show, for a 
gray cast iron and a spherulitic cast iron of the same 
hardness in the as-cast condition, a quantity of metal 
can be machined from spherulitic cast iron one-third 
faster than from the gray cast iron. The spherulitic 
cast iron had tensile strength of 84,700 psi and elon- 
gation of 17.5 per cent, while the gray cast iron had 
tensile strength of 35,000 psi and 0 pct elongation. 

The machining of our 0.505-in. tensile bars was 
done on a 13-in. lathe using carbide-tipped tool with- 
out lubrication. It was possible to take a single rough- 
ing cut 0.007 in. per revolution to reduce the 1-in. by 
1 in. original cross-section to a cross-section 34 in. in 
diameter. 
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AIR POLLUTION AND THE CUPOLA 


By 


J. C. Radcliffe* and W. F. Delhey* 


During the past 15 years the problem of air pollu 
tion has increased in importance to man and his every- 
day environment. Admittedly, during this period there 
has never been major concern regarding the disposal 
of various stack effluents into the limitless air reservoir 
around us. However, recent localized conditions pro- 
ducing both irritation and health damage have 
spurred on scientific action in controlling these vari- 
ous sources of contamination. The recent experience 
in Donora, Pa., and the conditions in Los Angeles are 
primary examples of the problem. 

The foundry cupola is a melting unit used largely 
by gray iron foundries for the purpose of reducing 
iron and steel to the molten condition prior to pour- 
ing into molds to make castings. To obtain the high 
temperatures necessary to melt these materials it is 
necessary to have practically complete combustion of 
the coke, which is the normal fuel used for this pur- 
pose. To obtain this good combustion it is necessary 
to supply a forced draft through the “‘tuyeres’’ located 
in the lower part of the cupola. This draft can blow 
finely divided particulate matter and fumes out of 
the top of the cupola and into the surrounding air. 

This particulate matter and metal fumes are the 
major parts of the problem of air pollution from a 
cupola. Admittedly, certain gases are also produced 
which should be considered in the overall aspect of 
pollution. Another point to be considered is smoke. 
Smoke does not exist specifically at the time of “light- 
ing off” the cupola. The extent of this smoke due to 
wood, oily rags, and other methods of igniting is a 
part of the problem and should be reviewed. 

Open Charging Door Cupola. The open charging door 
cupola admits the coke and charging metal through a 
side charging door (the dimensions of which depend 
on the metal to be charged), and the gases pass out a 
vertical open-top stack. During the melting operation, 
dilution air enters through the charging door. This 
dilution air provides a cooling effect to the gas. This 
dilution also supplies additional oxygen to burn any 
carbon monoxide and other carbonaceous materials in 
the combustion gases. 

Closed Charging Door and Closed Top Cupola. The 
closed charging door cupola is one in which all air 
supplied originates from the tuyere blower. The charg- 
ing door is so designed that the charge passes through 
a double door air lock, thus excluding the dilution air. 
This arrangement is such that only minor secondary 


* Supervisor and Industrial Hygienist, respectively, Industrial 
Health Unit, Ford Motor Co., Dearborn, Mich. 
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combustion takes place above the charge and the entir« 
system is under pressure during the blast period. The 
depth of the charge in the cupola is greater than in 
conventional cupolas (depth between tuyeres and 
charging door), and is maintained at a specific mini- 
mum level. This increased depth of charge tends to 
provide cooler stack gas temperatures since more heat 
is absorbed in the charge. The low temperature of the 
stack gases and absence of secondary combustion 
means that carbon monoxide is retained unburned in 
the stack gases, 

In evaluating the entire problem there seem to be 
three major questions which need answering. First, 
how extensively does cupola dust, fumes and smoke 
contribute to air pollution? Secondly, what are the 
various means available for control of cupola emis- 
sions? Thirdly, what is the cost and what improve- 
ment can reasonably be expected? A complete answer 
to these three questions would be very valuable in- 
formation. In part some of the facts leading to these 
answers are available. 


Sampling Technique 


Figure | illustrates the fundamental equipment used 
in sampling for particulate matter. A stainless steel 
nozzle is attached to a machined thimble holder which 
is connected to the dry-gas meter and thence to a 
source of suction. On the dry-gas meter a thermo- 
meter and U-gauge are attached respectively to the 
inlet and exhaust sides of the meter. All stacks where 
this sampling probe is used are fitted with a 214-in. 
nipple and plug. The plug can be removed and the 
entire sampling head placed inside the stack. A plug 
with a hole the diameter of the sampling probe pipe 
extension is used to insure a tight fit. 

Initially a pilot tube is inserted through the sam- 
pling hole and a velocity traverse of the stack is made. 
From these results the size of sampling nozzle is de- 
termined in relation to the suction capacity of the 
pump. Normally, the suction pump used is one which 
gives a | cu ft per min flow with this type of system. 

The thimble used in the thimble holder head of the 
probe is ceramic. It is dried at 105 C (221 F) in the 
laboratory in a weighing bottle to a constant weight. 
After sample collection it is again dried to constant 
weight. The difference indicates the total dust load 
collected during the sampling period. 

A standard pyrometer is used to determine stack gas 
temperatures. ‘he pyrometer can be inserted into the 
stack through the same or a different sampling port. 
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Fig. 1—Equipment for sampling particulate material. 


Gas analyses are of the grab type and are run with 
standard orsat gas analysing equipment. A stainless 
steel sampling probe is attached to this unit to obtain 
the sample. The same sampling port used for the par- 
ticulate matter sampling is used in this sampling. 


What is the Air Pollution Problem 


A series of stack samples were collected on one of 
our number 8 size cupolas which has a 78-in, diam 
shell and a 60-in. inside diameter. 

This cupola is an open top continuous charge, 
through open charging door, type. It has a capacity 
of 85-90 tons per 8 hours. This cupola is charged 
with 5500 cfm of air through the “tuyeres” and the 
material shown in Table 1. 





TABLE | 
Silicon Briquettes 
(40% SiO., 45% Fe, 16% CaO) 3% 
Basic Pig Iron 35% 
Black Scrap 52%, 
Cast Iron Briquettes 10% 





Normally this cupola will be ignited with oily rags 
and wood. In approximately 3 hr the metal is ready 
for tapping. During this 3-hr warm-up period there is 
some discharge of black smoke and red hot particles, 
especially when the air blast is put on for the first 
time. This black smoke discharge will last for approxi- 
mately 6 min at that time. Thereafter, the discharge 
is a gray or reddish-gray in appearance. 

Results obtained during light up and at the initial 
air burning operation were as shown in Table 2. 





TABLE 2 
Temp. in Grain Loadingat % % % 
Operation °F 500°Fingr/cu ft CO, oO, co 
Preheat 254 0.038 0 
Preheat 290 0.172 
Preheat 200 0.134 0.3 20.6 0 
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Following this preheating operation the air blast is 
turned on and within a few minutes tapping is started 
and the cupola is in full operation for the day. Table 
3 illustrates the dust and gas loadings during the 
operation. 





TABLE 3 

Temp. in Grain Loading at % % y 
Operation °F 500°Fingr/cuft. CO, oO, co 
Begin Melt Down 914 0.284 6.0 14.4 0 
Begin Melt Down 904 0.454 
Begin Melt Down 670 0.369 4.9 15.5 0 
Normal Operation 748 0.672 
Normal Operation 868 0.701 
Normal Operation 947 0.754 
Normal Operation 1076 1.867 7.6 12.8 0 





Data from other sources would seem to confirm the 
figures shown. In open top cupolas with open charg- 
ing doors the average of a series of gas analyses from 
different size cupolas by personnel of the Air Pollu- 
tion Control District, County of Los Angeles showed 
12.9% COs, 7.6% Ov, and 0% CO. Other data from 
that source indicated grain loadings at standard tem- 
perature from 1.09 to 1.32 grains per cubic foot. Con- 
version of grain loading figures in Table 3 to standard 
temperature will bring these two sets of results into 
close agreement. 

Tests of a closed door charging cupola by others 
shows a gas mixture of 9.9% CO,, 12.9% CO and 
2.7% oxygen. Obviously, closed charging doors reduce 
greatly the air intake with a corresponding increase 
in carbon monoxide. 

Thus, the question of what degree of pollution a 
gray iron cupola contributes to the general atmosphere 
can be stated. In general, with open charging doors 
carbon monoxide is not a major constituent of the 
cupola stack. However, with closed charging doors 
carbon monoxide can be present in an approximate 
concentration of 13 per cent. Thus, there is a problem 
here. The smoke from a cupola seems to be blackest 
for a short period of time immediately following the 
addition of air through the tuyeres. The degree of 
pollution at this time is slight when expressed in grain 
loadings up to a maximum of 0.2 grains per cubic 
foot at 500 F. During normal operations loadings 
from 0.6 grains to 1.9 grains (both expressed at 500 
F) have been established. Obviously, during normal 
operations of open top and open charging door cu- 
polas an air pollution problem due to particulate 
matter exists, 


Survey of Means of Control and Cost 


The Gray Iron Foundry Smog Committee of Los 
Angeles County conducted tests on collection equip- 
ment divided into four categories: 

(1) Wet Scrubbers 

(2) Centrifugal Dry Collectors 
(3) Cloth Filters (baghouse) 
(4) Electrical Precipitators 

The two wet scrubbers tested by this group attained 
efficiencies of 57 per cent and 70 per cent on a weight 
basis. Even this efficiency would not be adequate to 
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Fig. 2—Diagramatic sketch of electrical precipitator. 


satisfy most air pollution codes in the country if an 
average stack effluent approaching 1.0 gr/cu ft is con- 
sidered. 

Many references are available in the literature per- 
taining to water washers over a cone type shield in the 
top of cupola stacks or simply as sprays in this area 
of the cupola. Few if any of these references cite 
exact figures regarding efficiency other than to state 
that the effluent is reduced below the local fly ash 
ordinance limit, or that visibly there is good control. 
Costs of these installations are estimated anywhere 
from $2,000 to $10,000, according to the size of the 
cupola, type of nozzles, method of sludge return, etc. 

One dry type unit of the louvered cone principal is 
referred to in the literature. In this reference costs 
are cited at from $0.20 to $0.30 per cubic foot of gas. 
In addition it is stated that the unit is efficient in con- 
trolling dust and will take particulate matter out of 
the effluent gases down to about | micron in size. Our 
experience with this type of unit on other than 
cupola dusts and fumes is generally good. More spe- 
cific facts though are needed regarding this installa- 
tion. 

Other dry type collectors have been referred to in 
the literature with the statement, ‘No tests, but visual 
observations favorable. Very little dust emitted to at- 
mosphere. This installation is of very recent date; full 
operating information, therefore, not yet available.” 


Thus, the dry collectors may still be a factor to be 
considered. 

A dry centrifugal collector was tested by the Gray 
Iron Foundry Smog Committee, but it also failed to 
meet the requirements. 

Three types of glass cloth filtering units were tested 
and each removed sufficient dust and fumes to come 
within the Los Angeles County regulations. 

A test was conducted by the Air Pollution Control 
District of Los Angeles County on a sonic wet agglom- 
eration collection system (pilot scale model) on cupola 
stack gas emissions and this unit was found to be 
nearly 100 per cent efficient. However, the possibility 
exists that full scale operation may possess inherent 
characteristics, unlike pilot scale operation, which 
could produce considerably lower efficiencies, and thus 
render this system unsatisfactory. No full scale tests 
have ever been made. 

Various pilot scale tests have been conducted on 
electrical precipitators and, as suspected, these units 
can be more than 90 per cent efficient on cupola stack 
emissions. 

Work done in Los Angeles has indicated that bag 
filtering systems where precooling of the gas and pre- 
burning of the carbon monoxide are carried out is 
satisfactory. Glass wool bags will filter a gas at a tem- 
perature of 500 F satisfactorily. In addition, orlon 
bags will work well at 275 F or less. In either system a 
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vas burner is required at the charging door level to 
ienite the unburned carbon monoxide and any mis- 
cellaneous oil vapors in the gases. On the basis of a 
number of proposed evaporative cooling and glass 
wool bag filtering systems now under construction in 
the Los Angeles area the cost of all equipment ex- 
clusive of the cupola itself, is approximately $1.80 per 
cfm of gas entering the baghouse. 

Unpublished information made available to the 
writer indicated that the first orlon bag type collector 
installed in the Los Angeles area has been accepted by 
the local authorities. There are no specific data yet 
available on this installation. This cupola had 5,000 
cfm of air supplied at the tuyeres at $.T.P. and handled 
22,000 cfm of air at the collectors at a temperature of 
275 F. The cost of this entire installation was esti- 
mated to be $1.60 per cfm at 275 F including exterior 
painting of all of the equipment. 

Tests and research conducted, as of this writing, 
indicate that only two types of collection equipment, 
and possibly a third, are capable of collecting the sus- 
pended solids in cupola stack gases with an efficiency 
of 90 per cent or more. These three types are the cloth, 
glass or orlon type filtering unit, the electrical pre- 
cipitator and the sonic wet agglomeration system. 

Sonic Wet Agglomeration System. Basically, the sonic 
collection system is installed on a closed top cupola 
with spray nozzles to cool the gas by evaporative cool- 
ing to a temperature of approximately 200 F, a sonic 
agglomeration chamber and a water wash collector. 
As stated before a pilot model has shown efficiencies in 
excess of 99 per cent. In this pilot model part of the 
gas from the top of the cupola stack was drawn 
through a 3-in. diam duct and then passed through 
the collector. It is possible that the high efficiencies 
attained by the pilot scale model may not actually 
exist in a full size installation. No installation of this 
type has yet been made or is under contract, as of this 
writing, on a gray iron cupola. 

The first cost of a sonic wet agglomeration collection 
system is somewhat greater than for a cloth filtering 
system and may be roughly estimated at $6.00 per 
cfm. This cost estimate is based upon contractor's 
estimates of two proposed installations in Los Angeles 
County. These proposed installations were abandoned 
because of excessive power requirements. 

The Electrical Precipitator. ‘The electrical precipita- 
tor may be used for collection equipment for cupola 
stack gases and is best adapted to the larger sized cu- 
polas. Because of the high first cost of electrical pre- 
cipitators, such equipment is a possible solution only 
for the medium and large sized foundries. 

One large installation of electrical precipitators has 
been made on an 84-in. inside diameter cupola. The 
diagramatic sketch (Fig. 2) illustrates the equipment 
used in this unit. The approximate installation cost 
for this unit was $2.80 per cfm at 300 F for the coolers 
and precipitators. This cost will increase slightly for 
larger cupolas. 

Certain preliminary tests were made on this precipi- 
tator using the sampling system discussed earlier. Due 
to limitations on accessability only effluent samples 
from the precipitator were obtained. These results 
showed a grain loading of 0.037 grains per cubic foot 
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at 500 F during normal operations. Assuming an in- 
let loading approaching 1.00 gr/cu ft 500 F this would 
indicate an efficiency of 96 per cent. Extensive sam- 
pling is being carried out on this installation, and a 
report will be published regarding this unit. 


Summary 


In iron cupola operations the exhaust gases from 
open top cupolas contain particulate matter loadings 
varying between 0.6 and 2.0 grains per cubic foot of 
gas expressed at 500 F. These grain loadings are in 
excess of practically any known air pollution code, 
With open charging doors there does not seem to be 
any large amount of carbon monoxide present in the 
final effluent due to this added air and the further 
oxidation of carbon monoxide to the dioxide form. 
In closed charging door operations there is carbon 
monoxide present probably to the extent of 13 per 
cent. 

Attempts have been made with most types of collec- 
tion devices for controlling emissions of particulate 
matter from cupolas. No accurate figures seem to be 
available of grain loading efficiencies for dry type 
collectors or sprays and conical washer types. How- 
ever, in all of the literature references to these units, 
their visual efficiency seems to be good. Wet scrubbers 
have: been tested and shown to be from 57 to 70 per 
cent efficient. Further work being done on wet col- 
lectors may yet bring them within an acceptable range. 

The use of bag filters of the glass wool and orlon 
type have been investigated in pilot scale work in the 
Los Angeles area, and they have been found to be very 
efficient. Possibly cotton can also be used but more 
gas cooling will be needed in such installations. Cer- 
tain glass wool and orlon bag collector installations 
are being made, but no efficiencies on actual installa- 
tions are yet available. Pilot scale tests of sonic ag- 
glomerators have been made, and are known to be 
efficient. Electrical precipitators have been installed, 
but again conclusive reports are still lacking. Theo- 
retically, electric precipitators in pilot scale models 
control the emissions within any known air pollution 
code. Preliminary tests on one operating installation 
indicate that these units will be well within any 
known code. 

The cost of the various types of collectors varies 
from $0.20 per cubic foot of gas in dry collectors to 
over $6.00 per cubic foot of gas in sonic agglomerators. 
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STANDARDS FOR ROUGH CHIPPING 
AND REMOVING WELDS 


By 


Dean Van Order* 


=" The most variable operation in the foundry clean- 
ing room is the removal of excess metal and welds. 
Generally speaking, the chipping and hand grinding 
operation must put the casting in a condition satisfac- 
tory for shipment to the customer. These operations 
must also correct any defective workmanship of pro- 
duction departments which may have resulted in a 
poor casting, besides performing the normal work of 
removing excess metal. 

The normal work of chipping and grinding rough 
castings would consist of removing excess metal in the 
form of heads or gates that could not be ground on 
swing grinders, (vents, brackets, fin, nails, chills and 
similar operations). This type of work when uniform 
is comparatively easy to measure. The corrective part 
of the chipping and grinding operation consists of re- 
moving burned in sand, extra heavy fin, scabs, welds, 
swells and other abnormal elements. This part of the 
operation is one which can never be completely con- 
trolled by the production department and is the major 
item contributing to the variability of the chipping 
and grinding work. 


Previous Methods of Measuring 


Several methods of measuring both the simple and 
complex parts of this operation were tried before the 
present system was adopted. Originally, the chipping 
and grinding operation was a group set-up with each 
of the men sharing equally in the earnings of the 
group. This method had its merits in that it was rather 
easy to maintain and did not require any complex 
check of production; on the other hand, the degree of 
incentive was low since the individual did not profit 
in proportion to his own productivity but rather from 
the productivity of the group as a whole. Under the 
group set-up, only the chipping and grinding of rough 
castings was covered by standards; the removal of welds 
was not measured in any way but was paid for as day 
work. 

Following the elimination of the group set-up, stand- 
ards were set for individual piece work. At this time 
rough and finish chipping was combined, and each 
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Fig. 1... Front view of chippers bench. Notice that each 
operator is equipped with air grinder, other items. 


operator was equipped with an air grinder, electric 
grinder, chipping hammer, and individual hoist (Fig. 
1 and 2). Standards were also set on the removal of 
welds. The area of the weld was measured and then 
classified as Spot, Small, Medium or Large. Time val- 
ues were set for each of these classifications with an 
additional allowance for handling depending upon 
the weight of the casting. Although this method of 
measurement was a great improvement over the orig- 
inal group set-up and also gave a greater coverage, 
there were still disadvantages. Checkers had to be 
hired to measure welds and record pieces and pattern 
numbers. The accuracy of checking and measuring 
welds depended entirely upon the type of individual 
hired for the job and became increasingly apparent 
with labor turnover. Many castings reverted back to 
a daywork basis because of unmeasurable amounts of 
burned in sand and extra heavy fins. Consequently, 
an improved method was necessary to simplify the 
checking and still get an accurate coverage of all classes 
of work on an individual basis. 

After considerable research, the electrical depart- 
ment was able to develop a meter recorder which 
would show the total time that the air grinder, elec- 
tric grinder, and chipping hammer were operating 
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over the day. The writer would like to emphasize that 
this is a recording of the actual running time of the 
equipment and not contact time with the castings. 
Although this meter recorder is rather simple in de- 
sign, the final assembly and adjustment is of a very 
delicate nature. The valve that measures the flow of 
air is composed of an inlet valve and seat, two mag- 
nets, a contact screw, an adjusting nut and counter- 
weight, and an outlet opening for the air. The pres- 
sure of air on the incoming valve plunger opens the 
valve and allows the air to flow to the chipping ham- 
mer and air grinder. The machining of the valve 
plunger and valve seat is very important. The angle 
of the seat must be maintained at a certain degree to 
allow the air to flow through at constant pressure. The 
use of the air tool causes air to flow through the air 
valve which raises magnet A allowing magnet B to 
drop, thus breaking the contact between the contact 





Fig. 2 . . . General view of back of chipping line. The 
arrangement of hoists and air grinders is conspicuous. 


screw and valve body which de-energizes the relay 
allowing the minute counter to run (Fig. 3). It is very 
important to see that the air pressure in the lines is 
kept constant (80 to 90 lb) and free of moisture, rust, 
and dirt. Any obstruction that would lodge in the valve 
or valve seat could result in an improper reading at 
the minute counter. The valve and meter assembly 
should be inspected and cleaned regularly. A light is 
hooked up in relay with the minute counter and used 
to indicate to the operator and inspector that the 
equipment is working properly. 


Centrally Located Counters 


A meter assembly was installed in a dust proof metal 
case at each work station (Fig. 4). The minute counter 
for each meter assembly was installed on a single 
panel in the foreman’s office where the amount of 
minutes produced by each operator could be seen at a 
glance (Fig. 5). Although each work station is 
equipped with a meter recorder and minute counter, 
they are only used for means of payment when the 
operator is removing welds, or very excessive burnt 
sand or fins not covered by the chipping table. 

The removal of welds (which had always been 
costly to check and inspect and was only at best mod- 
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erately accurate in the method of measurement) could 
now be placed on individual piece work with a min- 
imum of checking and inspecting. Studies were taken 
on all types, classes and weights of welded castings. 
An allowance for handling castings (placing casting on 
work bench either by hand or with hoist, turning 
casting over, removing casting when completed), was 
determined depending on the weight of the casting. 
An additional allowance of 40 per cent was added to 
the minutes taken from the minute counter for each 
operator. The additional allowance is composed of 30 
per cent for incentive earnings and fatigue, and 10 per 
cent for looking for welds and a visual inspection by 
the operator of the weld when finished. 


Method of Weld Removal 


Almost all the welds are removed with the electric 
grinder unless they are not accessible to the 8-in. 
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Fig. 3 . . . Diagram of layout and wiring of minute meter 


recorder, attached to grinders and hammers. 


grinding wheel, in which case they may be chipped or 
removed with a small spindle or cone wheel. Since the 
electric grinder, air grinder and chipping hammer are 
all mctered through the minute counter, the operator 
may use whichever tools he chooses. Studies were also 
taken on chipping out cracks before welding. This 
type of work is in the minority and is performed only 
on certain alloy castings and special jobs; however, an 
additional allowance had to be established. Working 
strictly with a chipping hammer is much more fa- 
tiguing than operating an electric or air grinder, and 
also builds up less minutes on the minute counter. For 
this reason, an additional allowance of 110 per cent 
was added to the minutes taken from the minute 
counter. 


Composition of Allowance 


This additional allowance is composed of exactly 50 
per cent for incentive and fatigue, 30 per cent for han- 
dling the chipping hammer, and 30 per cent for locat- 
ing cracks and inspecting to see if the crack has been 
completely chipped out. An additional allowance of 
five minutes per hour on standard is added to both 
removing welds and chip for welding, for sharpening 
chisels and changing tools. Ten minutes per day is 
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added for getting out equipment in the morning and 
putting it away at night (Fig. 6 and 7 are reproduc- 
tions of forms demonstrating this). 

Rough chipping had previously been on an individ- 
ual piece work basis, so the same principles were 
applied in establishing new standards. Studies were 
taken on various types of castings and compiled on a 
standard data sheet which emphasized the fact that fin 
and sand were the variables that were going to contain 
the greatest degree of fluctuation. Fin or parting was 
broken into four classifications: (1) edge regular and 
spoke fin, (2) edge core fin, (3) flat regular fin, (4) flat 
core fin. The definitions for these classifications are 
more or less self-explanatory. Edge regular fin is 
formed where the parting line is on the corner of a 
casting. Edge core is formed where a core meets the 
corner of a casting. Flat regular fin is formed where 
the parting line is in the center of the casting or on a 
flat surface. Flat core fin is formed where two cores 
come together on the flat surface of a casting. 

In addition to classifying the types of fin, it was 
found that the actual length and thickness of the fin 
varied very closely with the weight of the casting. All 

















studies were taken on the actual amount of fin that Fig. 4... The installed meter assembly. Note light. 
appeared in each classification, and then the time was 

plotted against the potential fin. This makes it possi- mounted work, as the studies showed. To cover this 
ble for the rate setter to measure the potential fin difference, it was found that the fin and parting stand- 
from the pattern. Castings made from loose patterns ards had to be doubled over that for mounted fin. 

are only a small percentage of the work that goes Tables were made up from the studies on miscella- 
through the chippers, yet studies had to be taken and neous items, such as removing brackets, heads or gates, 
values set for fin and parting. The majority of the nail, vent, core wire, chill prints, etc. (Table 2). The 
loose work is of a more difficult nature than the allowances for handling were based on the weight of 
Length in 201-4009 401-8009 60l- 
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~ On all loose floor work double fin and parting values. = 





Table 1, the standard data sheet. Fin and sand are the variables that produce the greatest degree of fluctuation. 
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Fig. 5 . . . Minute counters are mounted on one panel. 


the casting and were the same as that used for handling 
welded castings. The removal of burnt sand and extra 
heavy fin was the most difficult to study and classify. 
The time for removing any burnt sand or scabs was re- 
corded separately in the study by the time study ob- 
server. The time for removing extra heavy fin was 
also kept separate. The question of what was heavy fin 
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over and above the normal amount expected was lett 
up to the judgment of the time study man and the 
head of the inspection department. 

After the allowances in the study for heavy fin had 
been pace rated and fatigue allowances applied, the 
normal allowance for the given length of fin was de- 
ducted and the difference was plotted. After the curves 
were drawn, a definite ratio was seen to exist between 
the amount of extra fin as against the total potential 
fin and the weight of the casting. To simplify the fin 
allowance table, a factor was used to classify the fin 
into one of three classes. This factor was determined 
by dividing the total potential fin on the casting by 
the casting weight. Any light casting with a large 
amount of potential fin would have a higher factor 
than a heavy casting with a small amount of potential 
fin and would in return receive a higher fin allowance 
if one was needed. The writer wishes to point out 
the very few castings require an additional fin allow- 
ance and if they do, it is authorized only by the stand- 
ards department. Whenever any extra fin allowances 
are added, the standards department examines all pat- 
tern equipment to see if improvements could be made 
and the fin allowance removed on the next run. The 
allowances for removing burnt sand and scabs were 
pace rated and fatigue allowances added, and then 
they were plotted in the same manner as the extra fin 
allowances. The burnt sand that appeared did show 
some relation to the casting weight, but on the whole, 
it was caused by variables such as casting design, pour- 
ing temperatures, gating and heading, wet cores, etc. 
Four classes of sand allowances.were determined under 
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Table 2, accessory standards covering such items as removing brackets, heads, or gates, core wire, chill prints, etc, 
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eacn weight bracket. The classification of light sand, 
medium sand, heavy sand, and extra heavy sand were 
urawn So as to cover all the existing burnt in sand and 
scab conditions encountered in the studies. 

The use of the sand allowance and fin allowance table 
is determined by the Time Study Department only. 
It is up to the time study engineer to keep in contact 
with all questionable castings and decide which sand 
allowance and fin allowance is needed if any. He must 
follow further and see if the condition of the casting 
can be improved so that the extra fin and sand allow- 
ances can be removed. Any casting with more extra 
work than can be covered by the sand or fin allowance 
table will not be chipped on direct standards. Instead, 
the casting will be handled as a welded casting with 
payment determined from the meter reading and a 
handling allowance. However, castings that can not 
be covered by the chipping tables are in the minority, 
and everything possible is done to correct the condition 
when it does occur. Following castings through the 
cleaning room to determine their condition requires 
on the average from two to three hours work every 
day by the time study engineer, but it is time well 
spent as it keeps the chipping operations practically 
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Fig. 7... Finished check sheet show- 
ing method of payment to operator 
for rough chipping of castings. Code 
numbers at top of vertical columns 
represent the same as in Fig. 6, at top 
of page. 1, Start; 2, Stop; 3, Work 
Day; 4, Delay; 5, Type of Work; 6, 
Pattern Number; 7, Part Number; 
8, Pieces; 9, On Standard; 10, Unit 
Standard; 11, Exp. Units; 12, Plus 
Standard. Although all columns have 
not been filled in, the premium time 
ticket gives a fairly accurate picture 
of what was accomplished by this 
worker during his work day. Tickets 
of this nature are almost a necessity 
in obtaining maximum benefit from 
a standards determination program of 
the sort outlined here. 
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Fig. 6 .. . Finismed check sneet snow. 
ing method of payment to operator 
for removing welds and chipping out 
for weld. Numbers at top of vertical 
columns represent the following: 1, 
Start; 2, Stop; 3, Work Day; 4, Delay; 
5, Type of Work; 6, Pattern Number; 
7, Part Number; 8, Pieces; 9, On 
Standard; 10, Unit Standard; 11, Exp. 
Units; 12, Plus Standard. 
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100 per cent on direct standard and also enables the 
time study department to recommend methods im- 
provements. 

Although many methods were tried and many hours 
of labor were computed before the final results were 
obtained for determining standard for rough chipping 
and removing welds, the numerous advantages are a 
definite asset. 

(1) Operators are rewarded in direct proportion to 
their individual effort. 

(2) The cleaning room foremen can control and 
allocate their backlog of work. 

(3) Chipping operations are no longer the bottle- 
neck of the cleaning department. 

(4) Actual direct chipping costs and weld removal 
costs per pound can be tied directly to each casting. 

(5) Progress on new operators can be seen at a 
glance. 

(6) Poor methods and costly operations can be de- 
tected easily and steps taken to correct them. 

Today, more than ever, the modern foundry needs 
a tool that will accurately measure operator effort 
with a minimum of supervision and checking if it is 
to take advantage of any improvement in costs. 
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DeAN VAN ORDER ; 


DISCUSSION 


Chairman: J. E. HyLanp, John Deere Spreader Works, East 
Moline, Ill. 

Co-Chairman: C. J. Pruett, McWane Cast Iron Pipe Co., 
Birmingham, Ala. 

Recorder: C. J. PRUETT. 

H. W. AreNbDEs (Written Discussion)* The author's Company 
has succeeded in installing a workable incentive system on an 
operation involving numerous variables and problems. This 
paper shows that a thoreugh analysis of numerous timestudies 
was made before the final answer was reached. Mr. Van Order 
indicates that the several basic requirements of a good incentive 
plan such as increased production, financial reward to workers 
in direct proportion to effort, decreased costs, etc., have been 
met. The organization should be complimented for this achieve- 
ment. 

This incentive plan, like all good plans, has been tailored to 
meet the needs and particular conditions of the shop involved. 
\ number of the features, no doubt, would work satisfactorily 
in almost any plant, while others would probably only fit 
the particular conditions existing at the author's plant. 

individual incentives, in this particular case, worked out better 
than group incentives. This is the usual experience. At one 
time, we attempted the installation of an incentive plan with 
Chippers working in groups of eight. The problems of work 
division for various casting designs was a headache as was the 
problem of getting the men interested in an incentive plan 
that used the productivity of the group to determine incentive 
bonuses. We had to resort to the use of individual incentives 
before results were attained. 

While group incentives have their advantages and are desir- 
able on certain operations, work such as chipping and grinding 
should be placed on a direct incentive plan if at all possible. 

The use of a minute counter for measuring work on extremely 
variable items such as chipping and grinding welds, gouging 
out defects and removing burnt sand is one way of handling a 
difficult work measurement problem. The minute counter has 
the advantage of paying on the basis of tool usage time and 
should be an incentive for the operator to stay on the job. 
However, perhaps because I do not have full knowledge of this 
method of work measurement, I have not been able to figure 
out as to what incentive there would be for a man to put any 
pressure on the grinding tool and what incentive there would 
be to get the job done as quickly as possible. It seems that 
power consumption on an electric grinder (the type mentioned 
as chief tool used for this work) would be another possible 
means of work measurement. 

Another way that this matter has been handled in some shops 
is to measure welded areas on a sampling basis and pay the 
amount found to all castings chipped and ground of the same 
design. When it becomes apparent that conditions have changed, 
another sampling is taken and new value paid on the basis of 
the latest sampling. 

Che method of determining the time standards, particularly 
for chipping fins was reviewed with considerable interest. The 
establishment of fin chipping standards on a potential or pos- 
sible fin basis has numerous advantages such as, (1) ability to 
set standards prior to production, (2) consistent standards no 
matter who sets the rate, and (3) the possibility of using the 
data for cost estimates. Potential fin is a very desirable basis 
of work measurement whenever the analysis of the timestudy 
data indicates that sound standards can be set by this method. 

We have had favorable experience in the use of potential fin 
on truck bolster, side frame and other so-called specialty cast- 
ings. Since these are production items, a standard data formula, 
using the potential fin method has been established for each 
type of product rather than by weight groups. 

The author’s Company follows the desirable principle of pay- 
ing excess allowances for excess work such as heavy fins above 
normal, heavily blocked pin holes, etc. These items can best 
be handled as special allowances. When a specia! payment is 
made to pay for a corrective condition, it comes to the attention 
of all concerned and steps can be taken immediately to correct 
the excess condition. 

The Timestudy Group determines when to pay the excess 
allowance and determines the amount to allow, which is in 


1 Ind. Engr. Supervisor, American Steel Foundries, East St. Louis, Ill. 
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line with good incentive practice. Determining when and how 
much excess allowance to pay can become a field for argument 
with the worker in the shop. If the situation gets out of hand, 
the entire incentive system can fail. We have found it necessary 
to use timestudies and measurements of areas chipped to prove 
whether conditions are beyond the normal range of work re- 
quirements or not. 

There are three questions I would like to ask regarding this 
incentive plan: 

1. When grinding welds and performing other types of work 
recorded and measured on the meter recorder, does the worker 
have any incentive other than to keep the tool operating as 
large a portion of the time as possible? 

2. How does the Timestudy Department determine when a fin 
condition is bad enough to warrant use of an additional fin 
allowance? 

3. Workers often do a better job than necessary when being 
timestudied. Work in excess of say 15 per cent over minimum 
inspection requirements on operations as variable as chipping 
and grinding is hard to detect yet if the worker gets by with 
it, the resultant time standard will be loose by this amount. 
What steps were taken during the obtaining of time studies 
used to formulate the standard data, to prevent workers from 
doing a higher quality job than is absolutely required? 

Mr. VAN OrpER (Reply to Mr. Arendes): In answer to Mr. 
Arendes’ first question, the operator does have an additional 
incentive in that the number of pieces chipped or ground is 
recorded and a handling standard is paid to the operator 
depending on the weight of the piece. These handling standards 
can amount to as much as $4 or $5 over the day’s pay, there- 
fore, it is a definite incentive to the operator to turn out as 
many pieces as he can. So far, it has worked out very well. 

In answer to the second question, the Timestudy Department 
must see the casting in question and then determine if a fin 
allowance is needed based on their past experience. If the 
quantity on order or other conditions warrant it, a check study 
may be taken. Every effort is then made to see that the fin is 
eliminated so that the extra allowance may be removed. 

In answer to the third question, before any casting was 
studied, the inspector in charge explained to both the operator 
and the timestudy man just what work was necessary. Even after 
this precaution was taken, the operator did no more work than 
was necessary at times. It was then up to the timestudy man to 
use his judgment and compensate for this extra work in quoting 
the study. The timestudy man must have considerable experi- 
ence with the company’s inspection requirements on various 
classes of work to be able to do this. 

A. E. OppENHEIMER (Written Discussion):* This standard 
appears to be built on a sound basis. In building this standard 
for the type of work involved, the author has apparently over- 
come the common obstacle which is in effect in many standards 
today, in that the method for measuring production is cumber- 
some and involved. In many cases the value of a good job in 
building standard data is lost because of measurements incor- 
porated which are not too practical to apply. 

It is fairly well proven from experience in standards develop- 
ment, factors and classifications must be clear and specific and 
can not be left to any great amount of interpretation in daily 
use. This interpretation must be settled in the development of 
the standard. 

Rough chipping castings by no means falls in the simple 
class of work on which standards can be developed and used 
for a long period of time without a periodic follow-up to insure 
that no changes have taken place in the basic work on which th 
standard was originally established. If improvements are made 
in prior operations, such as molding, which affect chipping time 
and for which standard does not provide for the corrected 
change, this, of course, will lead to difficulty because the stand- 
ard will become unsound. 

Using air-flow meters to record the relative time standard as 
in this case, should in the writer’s opinion be practical, if the 
operator can not manipulate the air gun to use air while the 
gun is not in actual use. Some companies provide that a check 
should be made of the work involved in any standard data 
periodically to insure the standard does not become unsound. 

The author of this standard is to be commended for the ap- 
parent fine job done. 


~ 2 Manager, Ind. Engr. Research Division, Deere & Co., Moline, Ill. 
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H. L. SHELTON (Written Discussion):* This paper indicates 
that considerable research work was done on a difficult opera- 
tion. Most encouraging to the foundry industry is to have per- 
sons in management willing to expend effort and money for 
development. 

In formulating and developing Standard Data, just as in in- 
stalling physical improvements, each foundry must determine 
which is best for its particular problem and which meets the 
requirements of optimum economic value. Just as in buying a 
car, each individual selects the car which meets his needs and 
his pocket book, so each foundry must consider what it can 
economically afford to install. 

The development of Standard Data has been so well covered 
by Mr. Van Order it will not be necessary to repeat here. The 
application of Standard Data for any operation, not only chip- 
ping, is almost as individual as the selections previously men- 
tioned. 

The characteristics of each foundry’s employees have a direct 
bearing on the application of Standards. At what pace; for how 
much incentive will your employees work? The reaction of the 
Supervisors; will their sentiment be with the workers or the 
Timestudy Department? There are many others, which each 
foundry will have to discover for themselves. 

The Standard Data for Rough Chipping whith are most 
familiar to this writer, have been divided into two sections— 
Rough Chipping and Defect Chipping, with Weld and Finish 
chip predicated on the Rough Chip standard time. 

We use a Standard time computation sheet. This sheet is 
started from the molding computation sheet. Many of the ele- 
ments involved in rough chip can be determined from the mold- 
ing sheet. Therefor, in our organization when the Timestudy 
Engineer has computed his molding rate, the computation sheet 
is passed on to the Timestudy Engineer who has the responsibil- 
ity of establishing the chipping rates. 

The partially prepared rough chip sheet is held in file until 
the job shows up at the Sandblast operation, where all new 
jobs are held aside after the rough sandblast operation. The 
Timestudy Engineer then completes measuring of fins, brackets, 
etc., to complete the factoring of the Rough chip operation 
standard time. 

When the Engineers made the timestudies for establishing 
Standard Data, they segregated the defect chipping time. When 
compared with the performance rating of the workers this en- 
abled the Engineers to establish percentages of Rough Chip 
time for Defects, Weld and Finish Chip, which are according 
to classification of the castings shown in Table A. Provision 
is made for inserting these percentages into the completed stand- 
ard time. 

In connection with this method of handling a serious variable, 
additional provision is made in the computation of earnings. 
Under this Incentive Plan, we start paying incentive at 81 per 
cent performance. That is, if a worker produces 6.5 hr of work 
in 8 hr on standard, he starts to earn incentive. For any per- 
formance under 133 per cent the plan provides for allowance of 
Variable Expense Allowance according to a predetermined table. 
Hence, if a worker makes 6.6 hr in 8, the variable expense allow- 
ance table provides 1.6 hr variable expense which is added to the 
workers 6.5 hr production making 8.1 hr pay for 8 hr work. 
This foregoing is the explanation of the usual 80 per cent chart, 
but in the case of the Rough chippers we use a 50 per cent chart 
to compensate for the variable in molding quality, which means 
that a chipper who produced 6.5 hr in 8, would receive 2.5 hr 


3 Chief of Timestudy, Continental Foundry & Machine Co., Chicago. 


STANDARDS FOR ROUGH CHIPPING AND REMOVING WELps 


TABLE A 





Defect—Weld—Finish Chip—Percentages 


Bases: Class 1 Class 2 
(Thin Sections) (Normal Sectio;s) 
Defect 71 61 
Weld .60 32 
Finish 38 24 
Miscellaneous Castings: (Except see below) 
Group “A” Group “B” 





Class1 Class2 Class1' Class2 Class 
Thin Normal Thin Normal Heav. 
Sections Sections Sections Sections Sections 


Defect .60 49 45 42 35 
Weld 56 40 35 21 17 
Finish 35 .30 24 15 ll 


Shoes—Sprockeis and Similar Castings: 
Defect — .14 
Weld — .05 





For Re-Weld Chip and Re-Finish Operations: 


Bases: Class 1 Class 2 
Thin Sections Normal Sections 
Defect .28 17 
Finish 19 12 
Miscellaneous Castings 
Group “A” Group “B” 





Class1 Class2 Classl Class2 Class3 _ 
Thin Normal Thin Normal Heavy 
Sections Sections Sections Sections Sections 


Defect 26 19 16 10 .08 
Finish 18 15 12 08 .06 





variable expense making a total earnings of 9.0 hr in 8 actual 
on standard. 

The variable Expense is provided on the theory that poor 
service or variable quality was responsible for the worker not 
reaching 133 per cent earnings. Therefor, the Company makes 
the allowance. This feature is particularly advantageous when 
changing a department over from piece work or day work to 
incentive, because it cushions the standard time, and expires 
automatically when the workers reach 133 per cent earnings. 

Where Mr, Van Order has provided an electro-mechanical 
means of checking excess work on a casting, we have provided 
an additional Standard Data chart for use when the worker 
cannot “make-out” against the rate. The timekeeper keeps 
tuack of the chippers time on large difficult castings by Rough 
time and Defect time. When the chipper cannot “make-out” 
on chipping defects the Timestudy Engineer measures the .vol- 
ume of each defect chipped out, which is then assigned to a 
time value to determine the Standard, which is compared with 
the Defect time previously allowed, and submitted to the 
Foreman for transmittal to the Union Steward, then changes 
in the rate are made accordingly. 

In the case of burned-in sand and such other defects which 
cannot be measured by our present methods, after the rough 
and defect chipping has been completed, a time check is made 
on burned-in sand or in some instances excess weld chipping, 
then a Plus-standard allowance is made for the extra time, which 
represents a 100 per cent performance entitling the chipper to 
120 per cent earnings on that time. The Plus-standard allow- 
ance is made for any operation which has a non-recurring ele- 
ment that cannot be included into the standard time for that 
operation, or for any extra work involved on a single casting. 
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FACTORS AFFECTING FLUIDITY OF CAST IRON 


By 


Lew F. Porter and Philip C. Rosenthal* 


ABSTRACT 


The running or flowing quality of metals is controlled by a 
large number of variables which can be grouped into two major 
classifications, namely, variables determined by the mold, and 
variables dependent on the metal. In the Spiral fluidity test, 
those variables determined by the mold conditions are held as 
constant as possible, and adjustments made in metal composition, 
temperature, or melting practice to determine the effect of 
variables dependent on the metal. 

In this paper the effect of temperature and composition was 
determined for cast irons in the range of 2.0 to 3.7 per cent 
carbon, 1.0 to 2.4 per cent silicon, 0.3 to 1.5 per cent manganese, 
and 0.18 to 1.18 per cent phosphorus; and with sulphur of 
approximately 0.10 per cent. A spiral test mold, modified to 
give a mean deviation in duplicate tests of less than 2.0 per cent, 
was used. 

Part of the tests was in the form of a “factorial” experiment, 
which gives information not only on the effect of each element 
individually, but on the interrelated effects of the elements as 
well. 

Considering the effects of carbon, silicon and phosphorus on 
fluidity, with one exception, these elements altered fluidity in 
direct proportion to their effect on the freezing range of the 
iron, with the highest fluidity occurring at the eutectic composi- 
tion. Fluidity decreases drastically on the hypereutectic side. 
When hypoeutectic irons were compared on the basis of pouring 
with a fixed degree of superheat above the start of freezing, 
carbon added #4 in., silicon 1 in., and phosphorus 2 in. to the 
fluidity spiral for a one per cent increase of the respective 
element. Manganese gave erratic results, but always negative, 
with the average effect being a reduction of 114 in. for a one 
per cent increase in manganese. 

In general the effects of the elements are additive. Only one 
interrelated effect was noted. In a low carbon iron, the com- 
bination of high silicon and phosphorus gave a greater fluidity 
than would be predicted from the sum of the fluidity effects of 
the individual elements. 

The study of the effect of temperature on fluidity showed that 
temperatures greater than 350 F superheat affected fluidity as a 
straight-line function of pouring temperature, equal to 5 in. 
on the fluidity spiral per 100 F rise in temperature regardless of 
composition. As the pouring temperature approached the 
liquidus, however, the function deviated more and more from a 
straight line, with the fluidity spiral length approaching zero at 
approximately 30 F above the liquidus temperature, regardless 
of composition. 

The information obtained has led to a tentative formula and 
chart which make it possible to predict the relative effects of 
variations in analysis and pouring temperature on the fluidity 
of the iron. 


* Research Engineer and Professor of Metallurgy, respectively, 
in the Department of Mining & Metallurgy, University of Wis- 
consin. 
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Misruns, blows, and the difficulty of pouring ex- 
tremely thin sections are problems continuously pres- 
ent in the gray iron foundry. These problems are in- 
timately related to the ability of the metal to fill a 
mold, and therefore it is obvious that a study of the 
relative importance of the various factors affecting 
this property is of interest to foundrymen. This abil- 
ity of a metal to fill a mold is often referred to as 
“fluidity,” and it is in this sense that the term “fluid- 
ity” will be used herein. This term should not be 
confused with the fundamental property of liquids 
also referred to as “fluidity” and which is the converse 
of viscosity. Thus dual usage of the term “fluidity” 
has led many foundrymen to the misconception that 
the variations which are found in the ability of vari- 
ous molten alloys to fill a mold are primarily de- 
pendent on the viscosity of the molten metal. Ac- 
tually a large number of factors are involved in de- 
termining the fluidity, and viscosity is a relatively 
minor one. 

Before investigating the effect of composition and 
pouring temperature on fluidity, a survey of all fac- 
tors affecting fluidity and their probable relative im- 
portance is in order.t The variables which influence 
fluidity may be divided into two major classifications: 

Factors related to the mold; 

Factors dependent on the metal. 
The factors related to the mold may be classified as 
follows: 

1. Static and velocity head; 

2. Size and shape of the mold; 

3. Composition of the mold; 

4. Mold temperature. 

The static and velocity head are largely dependent 
on the gating conditions and the speed of pouring. 
Naturally, the greater the static and velocity head of 
molten metal, the greater will be the speed at which 
a mold will be filled, and therefore the fluidity of the 
metal will be increased. However, other factors be- 
sides fluidity must be considered in the design of the 
gating system, such as the elimination of entrapped 
slag, sand, and gases. These factors normally limit 
the static and velocity heads allowable. 

The size and shape of the mold affect the ability 
of the metal to fill the mold in that a compact heavy- 








726 


section mold is readily filled with metal which would 
be too sluggish to fill a thin-section mold. The size 
and shape of the mold are factors which depend on 
the casting being poured and therefore are not alter- 
able. 

The composition of the mold is a variable which 
can greatly affect fluidity. Such things as mold sur- 
face, mold permeability, moisture content, bond 
strength, gas evolution and heat capacity may have 
considerable effect on the fluidity of the metal. It 
has been shown? that norma! variations in moisture 
content are relatively unimportant. Bond strength 
of the sand must be such that washing is prevented, 
as particles of sand in the molten metal can markedly 
affect the fluidity. Mold surfaces are said to have an 
important influence. In general, the smoother the 
surface of the mold the greater the fluidity. Natural- 
ly, if gas is evolved in an impermeable mold the flow 
of the metal will be retarded. 


Influence of Mold Atmosphere 


The atmosphere created by the mold or by the 
mold washes can be a factor. If the atmosphere is 
oxidizing, surface oxide films may form and may seri- 
ously restrict the flow of metal. Conversely, a reduc- 
ing atmosphere might promote the filling out of the 
mold. The oxide films also result from metal condi- 
tions, as discussed later. 

The mold temperature can affect fluidity since the 
rate at which heat is removed from the molten metal 
determines the time available for flow before the 
metal solidifies. High mold temperatures Will increase 
fluidity. However, normal variations at room tem- 
perature may be expected to have relatively minor 
effects on fluidity. 

It can be seen that normal molding practice, in 
general, fixes those factors controlling fluidity that 
are related to the mold. Aside from these, there are 
those factors dependent on the metal which also can 
cause variations in the fluidity. The factors depend- 
ent on the metal are: 

1. The viscosity of the molten metal; 

2. Surface tension of the molten metal; 

3. The formation of surface oxide films; 

4. The formation of non-metallic inclusions in 
the molten metal; 

The degree of superheat (temperature above 

the start of freezing); 

6. The mechanism of freezing. 

Measurement of the viscosity of molten metals, 
made just above their melting points, shows that in 
general the viscosity of molten metals is of the same 
order of magnitude as that of water so that, when 
taking into consideration the weight of the metal, 
molten metals should flow much more readily than 
water. The change in viscosity with composition or 
temperature is not great enough to account for the 
observed variations in the fluidity of metals. 

The surface tension of metals is high. For instance, 
the surface tension of cast iron measured at 2372 F 
is 1150 ergs per square centimeter, while the surface 
tension of water measured at room temperature is 
about 70 ergs per square centimeter.t The higher 
the surface tension the greater will be the pressure 
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necessary to force a stream of metal into a given chan- 
nel. However, once the necessary initial pressure has 
been exceeded flow will occur in the channel and dif- 
ferences in surface tension will not greatly affect thx 
fluidity. 

The formation of surface oxide films has been 
shown to have a marked effect on fluidity. Certain 
alloys under certain conditions of atmosphere, coni- 
position, and temperature form a solid brittle film on 
the surface of the melt. During casting, the presence 
of this film on the advancing metal surface, and as 
broken solid pieces in the molten metal, can marked|\ 
hinder flow. This is a factor which may lead to e 
ratic and inconsistent fluidity measurements since var- 
iations in melting practice can result in the formation 
or absence of such a film. Film formation is also 
governed by mold conditions as- already discussed. 

A second factor leading to erratic fluidity results 
is the formation of non-metallic inclusions in the 
molten metal. During the cooling of molten metals, 
particularly cast irons and steels, non-metallic par- 
ticles precipitate in the liquid metal. Examples of 
particles forming in this manner are aluminum and 
silicon oxides or silicates and manganese and iron 
sulphides. Such particles can conceivably affect fluid- 
ity by hindering the normal flow of the metal. Then 
importance is largely dependent on the time at which 
they form and the amount involved. 


Non-Metallic Inclusions Reduce Fluidity 


Particles forming after part of the alloy has started 
to freeze would not be expected to alter the fluidity 
because the solid particles of metal would have al- 
ready virtually stopped flow. A few particles forming 
just as the molten metal started to cool would flow 
along with the metal stream without materially hind- 
ering flow. On the other hand, a large amount of 
non-metallic inclusions freezing out of the molten 
metal shortly before the liquidus temperature is 
reached would be expected to reduce the fluidity 
noticeably. 

The degree of superheat, i.e., the amount the alloy 
is heated above its liquidus temperature, when 
poured, is an extremely important variable. The 
metal is capable of flowing until freezing begins. 
The higher the pouring temperature is above the 
temperature for the start of freezing the longer it 
will take for the metal to cool to the point where 
freezing begins, and the higher will be the fluidity. 

The manner in which an alloy freezes has been 
found to have a major influence on the fluidity of the 
alloy. Portevin and Bastien first presented the theory 
indicating the importance of the mechanism of freez- 
ing in 1932. They investigated a number of low 
melting binary and ternary alloy systems and arrived 
at the conclusion that the major factor influencing 
the change in fluidity in any alloy system was the 
mechanism of freezing. In turn, the mechanism of 
freezing was defined as a combination of two vari- 
ables: 

(a) the process of solidification (solidification 
range); 

(b) the crystallization (crystal faces and speed 
of crystallization). 
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More specifically, the fluidity varies with the pri- 
mary solidification range. The greater the solidifica- 
tion range, the lower is the fluidity. Therefore, maxi- 
mum fluidity occurs when congruent (constant tem- 
perature) freezing takes place such as in the case of 
pure metals and alloys of eutectic composition. Mini- 
mum fluidity occurs at the maximum limits of solid 
solubility. This is true whether tests are made using 
a constant degree of superheat above the liquidus or 
a constant pouring temperature. 

It is believed that the dependence of fluidity on 
the solidification range is primarily related to the 
manner in which solidification proceeds. When al- 
loys freeze through a solidification range, dendrites 
form throughout the entire cross section of the metal 
as soon as the liquidus temperature is reached. The 
greater the range of primary solidification, the greater 
will be the amount of solid present at a given tem- 
perature increment below the liquidus. 

Eutectic freezing, on the other hand, occurs as a 
skin of metal forming at the mold wall and progress- 
ing slowly in toward the center of the metal cross 
section. In the first case, flow is stopped quickly by 
the mesh of dendrites forming throughout the cross 
section, while in the case of eutectic freezing metal 
continues to flow through the center of the solid tube 
which forms as freezing progresses. An excellent dis- 
cussion of the freezing characteristics of gray iron has 
been presented by Dunphy and Pellini.+ 

With regard to the mode of crystallization, when 
compact polyhedral crystals are the first to form fluid- 
ity is better than when dendritic crystals are the first 
to separate. The dendritic type of freezing occurs 
in ferrous alloys. 

The generalizations concerning the effect of alloy 
systems on fluidity are nicely illustrated in Fig. | in 
which the variations in fluidity are plotted on top 
of the binary phase diagrams for the systems anti- 
mony-lead and antimony-cadmium. 

Points “A” show the relatively high fluidity of the 
pure metals as compared with the alloys; points “B” 
show the minimum fluidity which occurs at the limit 
of solid solubility; point “C” shows the high fluidity 
which occurs at eutectic alloy compositions; and point 
“D” shows the extremely sharp maximum which oc- 
curs under the favorable polyhedral mode of solidi- 
fication of the intermetallic compound SbCd. 

With this brief survey of factors affecting fluidity, 
it is felt that the specific problem, now to be dis- 
cussed, of gray cast iron fluidity as affected by com- 
position and temperature variations will be more 
clearly defined. 


Fluidity Test Mold 


In order to study the effects of composition and 
temperature a fluidity test is necessary which will 
maintain the factors related to the mold essentially 
constant, while producing a sensitive measure of the 
variations in fluidity due to variations in the metal. 
\ number of such fluidity tests have been devised. 
Ihe most popular test is to pour the metal into a 
mold having a spiral channel of small cross-sectional 
area. The spiral is long enough to extract sufficient 
heat to cause solidification of the metal before it 
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reaches the end of the channel. Thus, the length of 
the metal spiral obtained is a measure of the fluidity. 

Such a fluidity spiral designed by Saeger and Kry- 
nitsky® of the Bureau of Standards is in general use, 
and therefore was adopted for preliminary investi- 
gation. The pattern was molded in a naturally bond- 
ed green sand containing 6 per cent moisture since 
this mold composition is one which is normally used 
in pouring gray cast iron. Four 16-lb induction fur- 
nace heats of a standard gray iron composition were 
made. Two Saeger fluidity spirals were poured from 
each heat. Although each spiral was poured with 
metal of the same composition and from the same 
temperature, the spiral lengths varied from 29 to 35 
in. This is a deviation of 9.4 per cent from the 
mean and was not of sufficient accuracy to produce 
reliable information for the contemplated program. 

Observations made during the test indicated tha’ 
it was difficult to maintain a steady flow of meta! 
and a constant metal head. It will be remembered 
from the introduction that this is one of the fac 
tors related to the mold which can affect fluidity. 
Berger and Perin® in 1934 used a different gating 
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Fig. 1—The fluidity curves superimposed on the binary- 
phase diagrams indicate the close relationship between 
fluidity of the metal and the process of solidification.’ 
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Figs. 2 and 3—Scale drawing of the modified fluidity pat- 

tern, and photographs of test castings poured in original 

Saeger and Krynitsky fluidity spiral (above, left), and 
fluidity spiral as modified (above, right). 


system than that proposed by Saeger and Krynitsky, 
and claimed a reproducibility of one per cent devia- 
tion from the mean for fluidity tests on cast iron. 
Accordingly, the Saeger and Krynitsky pattern was 
altered so that the gating system agreed more closely 
to that of Berger and Perin. Figure 2 shows the al- 
tered pattern, and Fig. 3 is a photograph of the 
fluidity test castings poured using the original and 
the altered patterns. 

The changes made in the original pattern consisted 
of substituting a well and orifice core for the horn 
gate, and providing a means of maintaining a con- 
stant level of metal head through use of an overflow 
basin. In theory, the first metal into the mold begins 
to fill the well. This allows time to fill the pouring 
basin and downspout to the height of the overflow 
before the metal enters the spiral. Thus, as the well 
fills and the metal begins to flow into the spiral the 
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rate of metal flow is controlled by the constant he :d 
and the size of the orifice core. 

Tests performed using the altered fluidity moid 
proved this method to be much more consistent. Coi- 
sidering all tests that have been made to date it a»- 
pears that a mean deviation of approximately 2.0 per 
cent is now obtained. 


Procedure and Results 


The experimental work on the effect of composi- 
tion and temperature on the fluidity of cast iron was 
divided into three major phases. The first phase 
was an investigation of the effect of carbon on the 
fluidity of high phosphorus iron poured at constant 
temperature. In the second phase a factorial experi- 
ment was designed to show the main and interrelated 
influences of the four elements, carbon, silicon, phos- 
phorus, and manganese on the fluidity of cast iron. 
The third phase was an evaluation of the effect of 
temperature on fluidity. A companion paper to this 
one covers the effects of sulphur on the fluidity of 
gray cast irons near eutectic composition.? 


Fluidity Variations With Carbon and Temperature 


The base metal used in this study had the follow- 
ing composition: Total carbon, 3.1 per cent; Mn, 0.30; 
Si, 2.2; P, 0.70; S, 0.10. Standard melting procedure 
consisted of melting a constant weight of the base 
metal scrap in an induction furnace, adjusting the 
carbon content to the desired value, and then regulat- 
ing the temperature to that desired. Temperatures 
were measured by a platinum-platinum 10 per cent 
rhodium thermocouple in a silica protection tube 
immersed 214 in. into the melt. When the tempera- 
ture was stabilized at the desired pouring tempera- 
ture, the couple was removed, the power turned off, 
and the fluidity mold poured as quickly as possible. 

The first variable to be studied was the effect of 
carbon on the fluidity of the base iron poured at 2600 
F. To do this it was necessary to change the carbon 
content of the iron without changing the rest of the 
analysis. For carbon contents higher than the normal 
content of the scrap this was accomplished by adding 
powdered graphite to the melt. It was necessary to 
superheat the metal to approximately 2800 F to ef- 
fect rapid solution of the graphite. Once in solution 
the temperature was lowered to 2600 F and the fluid- 
ity mold was poured. 

For carbon contents below that of the normal con- 
tent of the scrap a somewhat unusual method was 
used. Related work in the department laboratories 
had shown that holding the melt at 2700 F caused 
the carbon to drop while the rest of the analysis re- 
mained practically unchanged. Furthermore, this 
work showed that it is possible to gage the holding 
time necessary to lower the carbon any given amount. 
Figure 4 is a graph of this effect of holding time at 
2700 F on the carbon and silicon content of gray iron 
melted under an atmosphere of air in a magnesia 
crucible. 

Using the information shown in Fig. 4 it was a 
simple matter to reduce carbon content to any given 
value in the range studied. 

The effect of varying carbon on the fluidity of gray 
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iron poured at 2600 F was studied by pouring 30 
separate fluidity tests. The carbon content was varied 
rom about 2.2 to about 3.7 per cent. 

The influence of pouring temperature on the shape 
of the curve was also determined by pouring low, 
intermediate and high-carbon irons at 2400 F and at 
2800 F. ° 

The results of the tests are shown in Fig. 5 where 
the carbon content has been plotted against the 
length of the fluidity spiral. Curves are given for 
2400 F, 2600 F, and 2800 F. The sharp break in the 
curves was definitely established at 3.4 per cent car- 
bon for the curve at 2600 F. Theoretically, this point 
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Fig. 4—Variation of silicon and carbon contents as a func- 
tion of holding time at 2700 F. 


corresponds to the eutectic composition of the iron. 
While this point was not definitely established for 
the curves at 2400 F and 2800 F, it was assumed to 
occur at the same carbon content. One test heat 
having a carbon content in excess of 3.48 per cent did 
show a reduced fluidity when poured at 2400 F and 
at 2800 F. It was on this basis that all the curves 
were drawn with the sharp inflection at 3.48 per cent 
carbea. 

The following points are of interest: 

1. Carbon has a great effect on the fluidity of this 
iron. Between the limits tested from 2.2 per cent 
carbon to the eutectic composition, fluidity is a 
straight-line function of carbon content. 

2. The eutectic composition has the highest fluid- 
ity, but once the eutectic is passed fluidity falls with 
disastrous rapidity. It was noted that in the hyper- 
eutectic compositions graphite separated out of the 
liquid melt as cooling began. The drastic drop in 
fluidity is believed due to the formation of kish which, 
because of its flake-like nature, is very detrimental 
to the flow of the metal. This agrees with the prin- 
ciples laid down by Portevin and Bastien.’ 

3. Temperature has an important effect on fluid- 
ity. In general, an increase of 200 F results in an 
increase in fluidity of from 10 to 11 in. 


Factorial Experiment to Determine Main and Interrelated 
Influences of Carbon Manganese, Silicon and Phosphorus 


The “factorial” experimental design is of special 
interest in research investigations of a large number 


729 


of variables since it yields the maximum amount of 
reliable useful information for the least expense.* In 
this study the effect of the variables carbon, mangan- 
ese, silicon and phosphorus on the fluidity of hypo- 
eutectic cast iron was determined. In order to mini- 
mize the number of tests necessary only two levels of 
each of the variables were decided upon. 

Specifically, this experiment determined the effect 
of increasing the carbon from a level of 2.0 to 3.1 per 
cent, manganese from 0.3 to 1.5 per cent, silicon from 
1.0 to 2.4 per cent, and phosphorus from 0.18 per to 
1.18 per cent. When all of the variables are at a low 
level an initial composition is obtained from which 
all of the remaining compositions can be produced 
by adding the proper amounts of the specific ele- 
ments. The initial composition was that of a large 
supply of uniform malleable iron scrap. 

The symbol “I” will be used to denote this initial 
composition. The symbols C, Mn, Si and P denote 
carbon, manganese, silicon, and phosphorus, respec- 
tively. Whenever a composition contains the higher 
value of a particular element, the symbol for the ele- 
ments appears in the symbol for the composition. All 
possible combinations of the two levels of each of the 
four variables were included in the experiment.* 
Furthermore, each composition was tested in dupli- 
cate. A list of the symbols and the compositions they 
represent is shown in the first five columns of Table 1. 

All other probable variables were held as constant 


*If a low-carbon iron is made with a low- and a high-silicon 
content, and if a high-carbon iron is also made with a low- and 
a high-silicon content, 2 x 2 = 4 heats will be required. For 
four elements, each at two composition levels, there will be 2 x 
2x 2x 2 = 16 heats. 
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Fig. 5—Curves showing effect of carbon contents on fluid- 
ity of cast irons at various pouring temperatures. 
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as possible. The variable of pouring temperature was 
particularly important in this study because it de- 
termines the degree of superheat (i.e., temperature 
above the start of freezing). As the composition of 
the iron changes the temperature at which the alloy 
begins to freeze changes. Therefore, to separate super- 
heating effects from the actual effects of the composi- 
tion in fluidity, each composition was poured from 
a fixed temperature interval above the point at which 
that composition started to freeze. 

The start of freezing was determined by recording 
the temperature of the molten alloy while it was 
being slowly cooled and noting where the cooling 
curve showed a marked reduction in cooling rate. 
The temperature was measured and recorded by using 
a platinum-platinum 10 per cent rhodium thermo- 
couple in conjunction with a photoelectric potentio- 
meter recorder. 

A standard melting practice was used in making 
the various compositions. The melting procedure fol- 
lowed was to charge 8 lb total of scrap having the 
initial (I) composition to which was added alloying 
elements to make the composition desired. 

Alloys and quantities used for the additions were: 
Mn, 71 grams 80 per cent ferromanganese; Si, 105 
grams 50 per cent ferrosilicon; P, 167 grams 25 per 
cent ferrophosphorus; C, 50 grams of graphite. 

Except for the graphite, all alloy additions were 
placed in the bottom of the induction furnace under 
the scrap addition. Graphite was added to the clean 
surface of the molten iron after the melt had reached 
a temperature of 2600 F. It usually took about 15 
min for the graphite addition to go into solution in 
the iron at which time the metal temperature had 
reached about 2800 F. After all additions had gone 
into solution, the power was turned off and a record- 
ing made of the cooling curve. At the instant the 
metal started to freeze, the power was again applied 
until 350 F superheat was reached. This tempera- 
ture was maintained long enough (3 to 5 min) to 
guarantee constancy, and the fluidity casting was then 
poured. 

Figure 6 is a photograph of the arrangement used 


Fig. 6—Photograph of the arrangement used to measure 
and record start of freezing temperature. 
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Fig. 7 — Repro- 
duction of a typi- 
cal graph obtained 
on the high-speed 
recorder. 












































to measure and record the start of freezing tempera- 
ture and to obtain an accurate 350 F superheat. Di- 
rectly in front of the operator may be seen the fluid- 
ity test mold in place before the induction furnace. 
Leading from the top of the induction furnace is a 
silica tube housing the platinum-platinum 10 per cent 
rhodium thermocouple. The couple junction is at 
the bottom of the silica tube which extends about 
21% in. into the molten metal. On the table is the 
high speed recorder, and alongside of it a portable 
potentiometer. The potentiometer and recorder units 
are connected in series with the thermocouple. 

Figure 7 is a reproduction of a typical graph ob- 
tained on the recorder. The graph shows the curve 
resulting from the cooling of the molten metal, the 
break which occurs when the start of freezing is 
reached, and the curve obtained during the heating 
of the metal] to 350 F superheat prior to pouring the 
fluidity test. 

The fluidity and liquidus temperatures obtained 
for each composition are listed in Table 1. The usual 
method of analyzing data from a factorial experi- 
ment is through a system of mathematical formulas 
whereby it is possible to determine the main effect 
of each variable being studied and all interrelated 
effects. 

For instance, to determine the main effect of car- 
bon on the fluidity, find the average fluidity of all 
of the heats which contain carbon at the high level 
and subtract from this the average fluidity of all of 
the heats which contain carbon at the low level.* 
The excess of the first average over the second will 
be the main effect of carbon. In a similar manner 
the main effect of manganese, silicon and phosphorus 
can also be determined. 

By proper rearrangement of the mathematical re- 
lationships, so-called first, second and third-order in- 
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teractions can be determined. In a first-order inter- 
action we might determine such effects as the in- 
fluence of increasing the phosphorus content on the 
eifect of carbon.* In a second-order interaction we 
might determine the influence of increasing the phos- 
phorus content on the influence of silicon on the ef- 
fect of carbon. A third-order interaction would de- 
termine the influence of phosphorus on the influence 
of silicon on the influence of manganese on the effect 
of carbon. 

Furthermore, it is found that rearranging the order 
of variables does not affect the results. Thus, the in- 
fluence of increasing carbon content on the effect of 
phosphorus is the same as the influence of increasing 
phosphorus content on the effect of carbon. In this 
experiment there are four main effects, six first-order 
interactions, three second-order interactions, and one 
third-order interaction. 

The results of the mathematical analysis of these 
data are as follows: 


Main Effects 
Main effect of carbon = + 4.3 in. for a 1.1 per cent increase 
in carbon content. 
Main effect of manganese — — 1.9 in. for a 1.2 per cent 
increase in manganese content. 
Main effect of silicon — -+- 1.5 in. for a 1.3 per cent increase 
in silicon content. 
Main effect of phosphorus = +- 2.0 in. for a 1.0 per cent in- 
crease in phosphorus content. 

First-Order Interactions Involving 


Manganese and Carbon .................. + 0.4 in. 
Phosphorus and Carbon .................. — 0.5 in. 
i Ci ED dace shu sidnass se saeede + 0.2 in. 
Phosphorus and Manganese .............. + 0.1 in. 
Silicon and Moamgamese .<........000.ccce0 0.0 in. 
Phosphorus and Silicon .................. + 1.0 in. 
Second-Order Interactions Involving 
Silicon, Manganese and Carbon ............ + 0.2 in. 
Phosphorus, Manganese and Carbon ...... + 0.4 in. 
Phosphorus, Silicon and Carbon .......... — 02 in. 


Third-Order Interactions Involving 
Carbon, Silicon, Phosphorus and Manganese + 0.5 in. 


It is seen that the values of all interactions except that 
between silicon and phosphorus fall within +0.5 in. 
of fluidity. The range of +0.5 in. is probably within 
the limits of experimental error for this experiment 
and, therefore, it may be assumed that except for 
phosphorus and silicon no interactions exist and 
that the main effects of the four elements studied 
are additive and not dependent on what other ele- 
ments are present. Furthermore, when the results 
are confined strictly to hypoeutectic cast iron, pre- 
vious experiments as well as results reported in the 
literature indicate that the main effect of each of the 


* Thus, the main effect of carbon would be obtained from 
fluidity measurements handled as follows: [(C + C Mn + C Si 
+ CP + CMnSi + CSiP + CMnP + CMnSiP) — (I+ Mn 
+ Si + P + MnSi + MnP + SiP + MnSiP)]/8, whereas the 
interrelated effect of, say, Si on P, would be calculated by [ (Si P 
— P) + (Mn Si P — Mn P) + (CSi P— CP) + C Mn Si P 
— C Mn P)}/8 — [(Si — I) + (C Si — C) + Mn Si — Mn) 
+ (C Mn Si — C Mn)}]/8, which rearranged gives [Si P + I + 
Mn Si P + Mn + C Si P +.C + C Mn Si P + C Mn)]/8 — 
[P + Si+ CP + C Si + Mn P + Mn Si + C Mn P + C Mn 
Si]/8. This equation is an example of a first-order reaction 
calculation. If duplicate or triplicate tests are made, the values 
in the numerators would be the additive values of these two 
or three tests, and the factor in the denominator would be 
raised accordingly to either 16 or 24 to obtain the average effect. 
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elements on fluidity varies linearly with the amount 

of the element present. Thus it is concluded that: 
Carbon increases the fluidity of the iron approxi- 
mately 4 in. per a one per cent increase in carbon. 
Silicon increases the fluidity of the iron approxi- 
mately one in. per a one per cent increase in sili- 
con. 
Phosphorus increases the fluidity of the iron ap- 
proximately 2 in. per a one per cent increase in 
phosphorus. 
Manganese decreases the fluidity of the iron ap- 
proximately 114 in. per a one per cent increase 
in manganese. 

It was found that the data obtained in the fac- 
torial experiment can be analyzed in another manner. 
A plot of the temperature for the start of freezing 
against the fluidity of the various compositions gave 
the results shown in Fig. 8. 

This graph shows that in general fluidity is in- 
versely proportional to the start of freezing tempera- 
ture with two exceptions. First, increasing the man- 
ganese content causes a somewhat erratic decrease in 
fluidity without a corresponding change in the start 
of freezing temperature. Second, the combination of 
the high level of silicon and phosphorus in a compo- 
sition low in carbon appears to have a unique first- 
order interaction which results in a fluidity greater 
than the additive effects of the individual elements 


TasLe 1—Composition, FLuipiry, AND Liquipus TEeM- 
PERATURES OF IRONS USED IN FACTORIAL EXPERIMENTS 











Composition, % Fluidity, Liquidus 
Symbol Cc Mn Si P in. Temp., F 

I 2.0 0.3 1.0 0.18 214 2442 
21 2447 

Cc 3.1 0.3 1.0 0.18 2434 2210 
2434 2210 

Mn 2.0 15 1.0 0.18 1834, 2450 
20 2470 

Si 2.0 0.3 2.4 0.18 2134 2422 
21% 2422 

P 2.0 0.3 1.0 1.18 221, 2370 
221, 2372 

C Mn 3.1 1.5 1.0 0.18 24 2215 
2314 2190 

C Si 3.1 0.3 2.4 0.18 27 2128 
2534 2181 

cP 3.1 0.3 1.0 1.18 2614 2110 
2614 2112 

Mn Si 2.0 15 2.4 0.18 181% 2400 
1934 2400 

Mn P 2.0 1.5 1.0 1.18 2014 2357 
1914 2356 

Si P 2.0 0.3 2.4 1.18 25 2322 
25% 2317 

C Mn Si 3.1 15 2.4 0.18 2314 2230 
2334 2178 

Mn Si P 2.0 15 2.4 1.18 2214 2305 
22 2312 

CSiP 3.1 0.3 2.4 1.18 2714 2050 
2814 2035 

C MnP 3.1 15 1.0 1.18 2414 2122 
F 2414, 2150 

C Mn Si P 3.1 15 2.4 1.18 28 2022 
2814 2065 


Spot check analyses were made for each of the elements after 
their addition in the amounts indicated in the text. The values 
given above represent the average of these determinations. 
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and greater than the corresponding change in the 
temperature for the start of freezing. This point was 
checked with two additional heats and the results 
were verified. 

The graph in Fig. 8 supports the contention that 
the freezing mechanism is one of the major factors 
controlling fluidity. In the case of manganese an ad- 
ditional factor appears to be exerting an influence. 
Manganese sulphide particles forming under the 
proper condition could be responsible for the drop in 
fluidity without a change in the liquidus tempera- 
ture. 

The inconsistent first-order interaction between sil- 
icon and phosphorus when carbon is low is not so 
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FLUIDITY IN INCHES AT 350° F SUPERHEAT 


Fig. 8—Relationship between liquidus temperature and 
fluidity at 350 F superheat. 


readily understood. Fortunately, this effect is of min- 
or importance since the combination of high silicon 
and phosphorus with low carbon does not appear to 
occur in commercial irons, 

A dashed line has been included in Fig. 8 to show 
the effect of increasing the manganese content from 
0.3 to 1.5 per cent. It will be noted that as the iron 
approaches the eutectic composition the increased 
manganese rather abruptly ceases to decrease fluidity 
and the iron in this region exhibits the same fluidity 
at high-manganese contents as at low-manganese con- 
tents. A number of additional heats were made con 
taining 1.5 per cent manganese which gave further 
verification of the above-mentioned effects. 


Effect of Temperature on Fluidity 


If the results of the factorial experiment could be 
combined with the influence of temperature on the 
fluidity of cast iron, it might be possible to derive 
an expression which would indicate the fluidity of 
any composition poured from any temperature. The 
phase of the experimental work dealing with the ef- 
fect of carbon on fluidity indicated that a tempera- 
ture increase of 200 F results in an increase in fluidity 
of from 10 to 11 in. However, these tests were not 
extensive enough to determine whether this relation- 
ship holds at all pouring temperatures and also for 
compositions in the malleable iron range. Therefore, 
additional tests were conducted in which a malleable 
iron composition and a gray iron composition were 
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poured at 100 F intervals from about 90 F above ie 
liquidus temperature to 2850 F. 

The analysis and liquidus temperatures of the t\ 
compositions used are given below: 


Lv 


Composition, PerCent Liqui 





C Si Mn P S Temp. F 

Malleable Composition .. 2.48 1.24 0.30 0.12 0.15 2360 
Gray Iron Composition .. 3.26 2.40 0.35 0.76 0.10 205% 

Eight-pound charges of the iron were melted in the 


induction furnace as rapidly as possible. The liquids 
temperature was determined in the same manner 4s 
in the factorial experiment, and the metal was re- 
heated to the desired pouring temperature as mea- 
sured by the platinum-platinum 10 per cent rhodiuin 
thermocouple. After adjusting the temperature the 
power was turned off and the fluidity spiral poured. 
The data obtained are shown in Fig. 9. 

A number of points of interest are illustrated by 
Fig. 9. First, it is seen that at temperatures highe: 
than 300 F above the liquidus, in the case of the 
malleable iron, and 350 F in the case of the gray 
iron, the curves are essentially straight lines. Further- 
more, the slope of the straight-line portion is the 
same regardless of the composition, and is equal to 
5 in. of fluidity per 100 F change in pouring tem- 
perature. 

As the pouring temperature approaches the liquid- 
us the curves deviate more and more from a straight 
line. The extrapolated curves cross the line of zero 
fluidity at approximately 30 F above the liquidus 
temperature in both cases. In order for this to occur, 
the deviation of the gray iron curve from a straight 
line must be much greater than that of the malleable 
iron curve. Thus, the improvement in fluidity gar 
nered by adjusting the composition of the iron can 
be partially or completely lost by pouring at too low 
a temperature. 


Discussion of Results 


The information obtained from the factorial ex- 
periment when coupled with the information concern- 
ing the effect of temperature on the fluidity of cast 
irons makes possible a determination of the relative 
fluidity of any set of hypoeutectic cast irons poured 
from any temperature. 

The first phase of the work dealing with the effect 
of carbon on fluidity indicated that the fluidity in- 
creases an average of 5 in. per 100 F increase in tem- 
perature. This figure was substantiated by the later 
tests made to determine the effect of temperature, but 
is valid only at temperatures in excess of 350 F super- 
heat. 

The factorial experiment indicated that one per 
cent carbon increased fluidity 4 in., while 1 per 
cent silicon increased fluidity 1 in., and 1 per cent 
phosphorus increased fluidity 2 in. Since there are 
no interactions present it is concluded that the effects 
are additive. 

This information can be written as a simple form- 
ula providing the pouring temperature is above 350 


F superheat. The formula resulting is as follows: 
5 x Superheat in °F 





Fluidity, inches = 4C + 2P + 1 Si + 
100 
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where the content of each element is given in per- 
centages. 

'n applying the formula results of calculated fluid- 
ity are consistently 6 in. above the experimentally 
determined fluidity. This is due to the fact that the 
formula given does not make allowance for a base 
fluidity value which is independent both of composi- 
tion and degree of superheat. Thus, the factor of 
6 in. can be considered a base correction value, and 
the fluidity formula then becomes: 

5 X Superheat in °F 
Fluidity, inches = 4C + 2P + 1 Si + 





100 


In order to apply this formula to a given iron, the 
amount of superheat must be known. To determine 
the amount of superheat, the liquidus temperature 
of the iron must be known. Figure 8 indicates that 
the carbon, silicon and phosphorus are the elements 
which determine the liquidus temperature, and that 
they affect the liquidus temperature in the same way 
that they affect the fluidity of the metal. Therefore, 
the liquidus temperature is inversely proportional to 
the value of the composition factor, C + Y%4P + Si. 

This relationship should not be confused with the 
commonly used criterion for determining carbon equi- 
valent = C + 14(Si + P). The composition factor 
used in the present case is related to the liquidus 
temperature and must necessarily be different from 
the relation for carbon equivalent since two irons of 
different analysis can both have the same carbon equi- 
valent and yet may have different liquidus tempera- 
tures. For instance, a eutectic iron of high-phosphorus 
content would have a lower liquidus than a eutectic 
iron of low-phosphorus content. 

The formula for the liquidus temperaure is: 
Liquidus Temp., °F, = 2981—218 F, where F is the 
composition factor (C + 4 P + ¥y Si). By substi- 
tuting the formula for the liquidus line in the form- 
ula for fluidity, a general expression is obtained 
which makes it possible to calculate the fluidity of 
an iron from the composition and pouring tempera- 
ture without reference to the temperature for the 
start of freezing. The general expression is as fol- 
lows: Fluidity, inches = 14.9 F + 0.05 T — 155, 
where F is the composition factor (F = C + 4% P + 
4 Si) and T is the pouring temperature in °F. It 
must be remembered that the expression will not 
hold when the pouring temperature is within 350 F 
of the liquidus because of the deviation of the tem- 
perature dependency of fluidity from a straight line 
in this region. 

Since a formula of this type is hard to remember 
and awkward to use, and since it would be an ad- 
vantage to be able to determine the relative fluidity 
of irons poured within 350 F of the liquidus, it has 
been found convenient to construct a chart based on 
the data from the factorial experiment and the tem- 
perature investigation. The chart is presented in Fig. 
10. Using the chart it is possible to estimate the rela- 
tive fluidity and the liquidus temperature of any set 
of commercial hypoeutectic irons from malleable com- 
positions through eutectic gray irons, providing the 
composition of the irons and the pouring tempera- 
tures are known. 
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The formula and chart have definite limitations 
which should be thoroughly understood if the form- 
ula and chart are-to be used intelligently. Some of the 
limitations result from the assumptions made in de- 
signing the chart, and some result from a lack of in- 
formation concerning the effects of factors which have 
not been investigated. 

Four major assumptions have been made. First, it 
has been assumed that each element affects the fluid- 
ity linearly as it increases in amount. The factorial 
experiment as used for this investigation is not cap- 
able of indicating this, and so it is necessary to justify 
the assumption on the basis of other observations. 
The first portion of the experimental work showed 
that carbon affected the base iron in a linear rela- 
tionship, and the work of Berger and Perin® indi- 
cates that for carbon, silicon, phosphorus alloys, in 
the commercial range of compositions, the effects of 
the three elements are linear. Therefore, this first 
assumption seems reasonable. 

Second, since manganese has been found to have 
an erratic effect, reducing fluidity in the malleable 
iron range while not affecting it as the eutectic com- 
positions are approached, manganese has not been in- 
cluded in the composition factor. This means that 
the formula and chart hold only when manganese is 
in the neighborhood of 0.3 to 0.6 per cent. Fortun- 
ately, this is almost universally the manganese range 
of commercial irons. 

Third, the effect of sulphur has not been consid- 
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Fig. 9—Effect of pouring temperature on fluidity of malle- 
able and gray cast iron. 
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ered. There is much information available which in- 
dicates that high sulphur decreases fluidity. This 
point has been investigated and information concern- 
ing its effect is presented in another paper.*? How- 
ever, at this time it must be recognized that the chart 
and formula apply only to low-sulphur irons prefer- 
ably in the neighborhood of 0.10 per cent sulphur. 

Fourth, it will be recognized that we have assumed 
that no interactions occur between the elements car- 
bon, silicon, and phosphorus. In doing this the inter- 
action found between phosphorus and silicon at low- 
carbon content has been ignored. This is justified on 
the basis that the combination of high phorphorus 
and silicon with low carbon is not a normal com- 
mercial composition. 

A careful examination of the data from the fac- 
torial experiment as presented in Fig. 8 will also 
show that phosphorus and silicon appear to have a 
greater effect on fluidity when carbon is at the high 
level than when carbon is at the low level (compare 
I vs. P with C vs. CP; and I vs. Si with C vs. Si). This 
fact is not brought to light in the factorial analysis 
of the data. The effect was carefully investigated and 
it was decided that to include this possible interac- 
tion in the composition factor is not warranted by 
the only slight increase in the accuracy of the chart 
and formula so obtained. 

The above-mentioned assumptions therefore limit 
the use of the chart and formula to commercial com- 
positions of normal, low manganese and sulphur con- 
tents. For instance, extrapolation to an iron, car- 
bon, phosphorus alloy without silicon would not be 
justified. 
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There is also no guarantee that the acutal fluidiry 
measured for heats made in an induction furnace wil] 
agree with fluidities obtained for metal made in a 
cupola, air furnace or by duplex melting. As a mai- 
ter of fact, work on a related project® has alreacly 
shown that heats melted under atmospheres of pure 
hydrogen or nitrogen have lower fluidity than heais 
melted under air or carbon monoxide atmospheres. 
It is probable that the atmosphere used in the ex- 
perimental work is near enough to that found in a 
cupola that the fluidities will agree, but only experi- 
ence with commercial melting units will settle this 
point. Nevertheless, it is believed that the relative 
changes in fluidity of irons of different compositions 
and pouring temperatures made in the same melting 
unit can be determined from the chart. 

An indication of the reliability of the fluidity chart 
is obtained by comparing the fluidity measured on 42 
heats made since the chart has been established. The 
heats cover the entire composition range from a fac- 
tor of 2.4 to 4.4, and a pouring temperature range 
from 2200 to 3000 F. A probability curve for the 42 
heats is given in Figure 11. It will be noted that in 
spite of the assumptions made in construction of the 
chart the fluidity of all heats falls within 3 in. of the 
calculated fluidity, and that over 85 per cent fall 
within 2 in. The average deviation is found to be 
1.08 in. Thus, it appears that the accuracy of the 
chart is satisfactory providing its limitations are recog- 
nized and observed. 


Conclusions 


1. It has been shown that normally the mechanism 
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Fig. 11—Probability 
curve for 42 heats 
covering the entire 
range of composition 
and temperature of 
the fluidity chart. 
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of freezing determines the effect of composition on 
the fluidity. 

2. Carbon has the greatest influence on increasing 
the fluidity of hypoeutectic cast iron. Phosphorus is 
half as effective as carbon and silicon one fourth as 
effective as carbon. 

3. Manganese reduces the fluidity of cast iron for 
hypoeutectic compositions but this has little or no 
effect near the eutectic. 

4. Above 350 F superheat, fluidity increases rapidly 
on a straight-line function as the temperature is in- 
creased. As pouring temperatures approach the liq- 
uidus temperature, the fluidity deviates more and 
more from a straight-line function, decreasing to a 
zero measurement on the fluidity spiral slightly above 
the liquidus regardless of composition. 

5. A formula and chart relating the effects of com- 
position and temperature to fluidity have been pro- 
posed. 
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DISCUSSION 


Chairman: J. T. MAcKenzie, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Co-Chairman: T. J. Woop, American Brake Shoe Co., Mah- 
wah, N. J. 

Recorder: H. W. Lownie, Jr., Battelle Memorial Institute, 
Columbus, Ohio. 

E. R. Evans (Written Discussion):* The authors are to be con- 
gratulated for dealing systematically with the main factors affect- 
ing the fluidity of mclten cast iron. There are, however, certain 
limitations to their interpretation of the results and it will be of 
interest to discuss these since the work reported in this paper has 
followed similar lines to that carried out by the writer at the 
British Cast Lron Research Association.* 

Apparently, the authors first determined the liquidus tem- 
perature for irons of each composition used, then measured the 
fluidity at a superheat temperature of 350 F. In this way the 
relative effects of the elements carbon, silicon and phosphorus 
were determined at this superheat temperature and it was noted 
that the fluidity increased by approximately 4 in. of spiral for 
a 1 per cent carbon increase; approximately 1 in. for an in- 
crease of 1 per cent silicon; and approximately 2 in. for an 
increase of 1 per cent phosphorus. 

To choose this method of calculating the relative effects of 
these elements thus invited the magnification of small errors of 
measurement, whereas, if fluidity had been measured at a con- 
stant temperature, similar errors would have been proportion- 
ally much less. It had already been shown that at constant 
temperature a change of 1 per cent carbon produced a corre- 
sponding change of about 18 in. fluidity; thus the proportionate 
error in the case chosen by the authors is 414 times as much as 
it would have been if results had been obtained at constant 

Si. P 
temperature. The composition factor C + — + — was calcu- 
4 
lated from the results obtained and the authors claim that fluid- 
ity is directly dependent on this factor. 

In work carried out at the British Cast Iron Research Asso- 
ciation calculations were based on fluidity measured at a definite 
temperature using a slightly more sensitive spiral test (1 per 
cent carbon change giving about 24,in. change of spiral length) . 

A composition factor of similar form to that mentioned above 

Si P 
was derived and expressed as a formula CEF = C 4+ — + — 

3 2 
where CEF is an abbreviation for “Carbon Equivalent based on 
Fluidity.” 

The limitations of the authors’ interpretation is illustrated by 
replotting their results. It is significant that a satisfactory 
straight line relationship between fluidity at 350 F superheat 
temperature and composition factor is obtained with either of 
the above formulae and with the usually accepted carbon 

Si P 
equivalent expression CE = C + — + —. However, when 
3 3 
fluidity at a constant temperature is plotted this confusion of 
results does not exist. Fluidity at a constant temperature was 
not measured by the authors but results from my own work 
may be used to illustrate the point. Figure 1X shows the type 
of graphs obtained when carbon equivalent calculated from 
Si P 
the formula CE = C + — + — is plotted against (a) fluidity 
3 3 


at constant temperature, (b) liquidus temperature and (Cc) 


1 * British Cast Tron Research Association, Birmingham, England. 
. R. Evans, “The Fluidity of Molten Cast Iron,” Journal of Research 
po Development "of the British Cast Iron Research Association, 1951, vol. 4, 
no. 2, October, pages 86-139. 
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fluidity at 150 C (270 F) superheat temperature. The signifi- 
cance of the symbols in Fig. 1X is in the method by which the 
carbon equivalent value was altered; for example, P means that 
the carbon equivalent was varied by varying the phosphorus con- 
tent of the iron and CP means that it was varied by varying 
the carbon content in a phosphoric iron. Part (c) of Fig. 1X 
corresponds to the authors’ methods of obtaining results and a 
satisfactory relationship is illustrated whereas this is not the 
case in part (a). Figure 2X shows the same results replotted 
Si P 
using the formula CEF = C + — + — with parts (a), (b) and 
8 2 
(c) of the Fig. 2X corresponding to the similar parts of Fig. 
1X. In this case a satisfactory relationship is still exhibited at 
150 C (270 F) superheat temperature, but a satisfactory rela- 
tionship is also illustrated with fluidity at constant temperature. 
It is suggested that these results justify he use of the CEF 
formula. 


Si P 
Returning to the authors’ composition factor C + — + —, 
4 2 


this has been derived from approximated figures. The main 
effect of carbon is an increase of 4.3 in. for a 1.1 per cent in- 
crease of carbon content which is given as 4 in. for a 1 per cent 
increase. More accurately the figure should be 3.9 in. for a 1 per 
cent carbon increase. Similarly the more accurate figure for a 


1.5 

silicon increase of 1 per cent is — = 1.2 in., while the 1 per cent 
1.3 2.0 

phosphorus increase figure remains at — — 2.0 in. Deriving the 


1.0 
composition factor from these figures fluidity is proportional to 
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Fig. 1x—Relationship between carbon equivalent value and 
(a) fluidity at 1350 C (b) solidification temperature (c) 
fluidity at 150 C above the solidification temperature. 


Factors AFFECTING FLuipity or Cast Iron 


3.9 C + 1.2 Si + 2.0 P 


12 2.0 
or c+—Si+—P 
3.9 3.9 
Si P 
that is c+ — + —- 
3.25 1.95 
Si 
This expression is much nearer to my expression C + — + 
Si , 2 2 
than to the authors’ own expression C + — + —. 
2 
Si P 
Thus it is suggested that the formula CEF = C + — + — is 


3 
the correct one to use for calculating relative fluidity. 

In their expression derived for calculating fluidity, the 
authors have included a term bringing in the effect of pouring 
temperature which assumes that a straight line relationship 
exists between these two variables. Although the experimental! 
evidence plotted in Fig. 9 justifies this, other evidence does not. 
If the straight line relationship was correct then, in Fig. 5, at 
any one carbon content value, the lines drawn at 2400 F and 
2800 F would be equidistant from the line drawn at 2600 F. 
Also, on the authors’ conclusions from Fig. 9, the lines shown in 
Fig. 5 should be parallel. A glance at Fig. 5 indicates that the 
lines are neither parallel nor equidistant even at temperatures 
above the 350 F superheat range. It would be expected that 
the relationship between pouring temperature and fluidity 
should be illustrated by a curve concave to the temperature axis 
at all temperatures on a consideration of cooling effects due to 
increased temperature gradients at higher temperatures. Work 
carried out at the British Cast Iron Research Association on 
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Fig. 2x—Relationship between CEF value and (a) fluidity at 
1350 C (b) solidification temperature (c) fluidity at 150 C 
above the solidification temperature. 
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irons of not two, but many compositions, has shown that the 
graph does take the form of a curve as expected. 
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Figure 3X illustrates a typical pouring temperature-fluidity 
curve with the point of zero fluidity corresponding to the 
liquidus temperature. The inflection in the curve was noted 
in all cases where sufficient points were plotted at temperatures 
approaching the liquidus and very little extrapolation was 
needed to indicate the solidification temperature as the tem- 
perature of zero fluidity. It would be interesting to know 
whether the authors would have obtained similar results if 
more tests had been carried out at lower temperatures. It is 
explained in the paper that test pieces were poured at about 
90 F above the liquidus temperature, and then at 100 F inter- 
vals up to 2850 F in the case of malleable iron and 2750 F in 
the case of gray iron. My results have shown that the curved 
form of the graph continues up to at least 1480 C (approxi- 
mately 2700 F) for typical gray irons. 

With such a variable relationship between pouring tempera- 
ture and fluidity a very involved formula would be required to 
calculate fluidity from composition and pouring temperature 
data, and a chart of the form illustrated by the authors in Fig. 
10 has obvious advantages. Figure 10 could be slightly modified 
to allow for the points expressed above whilst I have expressed 
the same data in another form of chart illustrated in Fig. 4X. 
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Fig. 4x—Effect of pouring temperature and CEF value on 
fluidity of molten cast irons. 


MEssRS, PORTER AND ROSENTHAL (Written Reply to E. R. Evans): 
In reply to Mr. Evans, when one alters the carbon, silicon, or 
phosphorus content of gray cast iron, but, pours at constant 
temperature, he is measuring the effect of two variables on 
fluidity. The first variable is that of composition changes, the 
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other is the effect of that composition change on the change in 
the degree of superheat. It was with the intention of separating 
these two variables that we poured our spirals at a constant 
superheat temperature rather than at a constant pouring tem- 
perature. 

Our experiment was so designed that we obtained the effect of 
composition on fluidity by calculation, and the effect of tempera- 
ture was determined separately by experiment. Mr. Evans, on 
the other hand, determined the effect of these two variables 
simultaneously, and then by trial and error obtained the factors 
for composition. The fact that Mr. Evans could not arrive at a 
good composition factor when he replotted our data in the 
manner he handled his, points to the weakness in his approach 
and the obvious advantage of ours; namely, that the factorial 
calculation clearly determines the effect of such element and 
its interrelation thus establishing an accurate composition factor 
without resorting to trial and error methods. 

Based on the manner in which our experiment was conducted, 
we feel Mr. Evans is not justified in his deduction that compari- 
sons made at constant superheat rather than constant tempera- 
ture subjected our data to a proportionate error of 414 times. 

It was our intention to simplify the data wherever possible. 
This was the case when we approximated the composition fac- 


Si P 

tor as C + — + —. We agree that Mr. Evans composition 
9 
Si 4 

factor of C + — + — is an equally good approximation of our 
3 2 


data. The main bone of contention appears to be whether a 
factor of 44 or 14 shculd be used for silicon. It can be shown 
in Mr. Evans’ Fig. 2X that a value of 14 for silicon will result 
in points which for all practical purpese fall as close to the line 
as those obtained using a value of 14 for silicon. The factor for 
phosphorus is of greater magnitude and here we agree com- 
pletely. An illustration of how well a factor of 14 for silicon 
checks an actual heat is seen in the following case where an 
iron having an extremely high silicon content was poured at 
a temperature of 2800 F. The composition of the iron was: C, 
1.91%; Si, 8.22%; P, 0.18%. The fluidity obtained was 47 in. 
The fluidity calculated from the composition and pouring tem- 
Si 
perature using the formula, 14.9 (C + — + —) + .05 (T) — 
4 2 


155, was 45.2 in.; a very satisfactory check. 

We cannot agree with Mr. Evans that the temperature func- 
tion of fluidity is something other than a straight line at a 
temperature in excess of 300 F superheat. This function has 
been carefully determined and we believe that the curves 
shown on Fig. 9 of our paper are as accurate as is possible for 
our conditions. Mr. Evans points to Fig. 5 of our paper as 
evidence that fluidity is not a straight line function of tempera- 
ture. However, in this case the slope of the curves at 2800 F and 
2400 F cannot be considered as absolute since each was estab- 
lished using only three points. 

We believe that our determination of the influence of com- 
position and pouring temperature on fluidity is well within the 
limits of practicability and are gratified to find that independent 
work by Mr. Evans and the British Cast Iron Research Associa- 
tion is so clesely in agreement with the results we have obtained. 

RICHARD SCHNEIDEWIND (Written Discussion):* The writers 
should be commended on their success in presenting so well 
organized a paper on fluidity and showing the quantitative rela- 
tionship between composition, temperature, and fluidity. 

I have had the privilege of examining this paper in the rough 
manuscript form at the same time as the rough manuscript of 
E. R. Evans of the British Cast Iron Research Institute. The 
latter was very recently published in England under the title, 
“The Fluidity of Molten Cast Iron.” The results of both sets 
of investigators check quite well at 2450 F at the higher carbon 
equivalent values though there is some deviation at the lower 
values. This can be explained on the basis of different fluidity 
spirals and method of reporting the length of the spiral. 

The major difference between the results of the two investi- 
gators is that Porter and Rosenthal find a sharp drep in fluidity 
after the eutectic composition is exceeded whereas Evans finds 


2 University of Michigan, Ann Arbor, Mich. 
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increasing fluidity up to over 4.8 carbon equivalent (automotive 
piston ring range). 

It is most interesting to find that in the last few years so 
many investigators have seen fit to modify the expression for 
carbon equivalent. For fluidity purposes the following have 
been used: 


Si P 
Porter and Rosenthall c+—+— 
4 2 
Si P 
Evans c+—+— 
3 2 
For strength: 
Si P 
Schneidewind and McElwee c+—+— 
3 + 


In view of this fact is it not time to re-evaluate the expression 

for carbon equivalent to attempt to make it a more accurate 
Si P 

tool or to use the common expression C +. — + — with reser- 
3 


vations as a guide rather than a precise measuring stick? 

S. F. Carter (Written Discussion):* Some fluidity work we 
have done makes us appreciate the volume of valuable data 
contributed by the authors. The wide chemical variations in 
cast iron make it a more difficult metal to understand from the 
fluidity standpoint. 

The mold we have evolved to suit our more empirical pur- 
poses is similar in principal but different in several details. Our 
mold is a core sand assembly in contrast to green sand. Our 
mold also has a spiral of similar dimensions originating from 
the center and poured through an orifice core. The cross sec- 
tional area of our channel is 11 per cent greater. Our test was 
designed primarily for simplicity and compactness for shop use. 
It does not have an overflow basin which should make the 
authors test less sensitive to pouring technique. We do not 
expect an accuracy any better than 5 per cent on individual 


3 American Cast Iron Pipe Co., Birmingham, Ala. 
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Fig. B—Effect of pouring temperature on fluidity of malleable 

and gray cast iron (Porter and Rosenthal). Carter’s data sup- 

erimposed. Induction furnace heats are marked X; analysis 

C, 2.98; Si, 2.15; P, 0.47; Mn, 0.64; S, 0.081. Cupola heats 

are marked with triangles; analysis C, 3.30; Si, 2.65; P, 

0.40; Mn, 0.70; S, 0.085. Oil sand molds. Optical temp., 
O4E. 
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Fig. A—Curves showing effect of carbon contents on fluidity 
of cast irons at various pouring temperatures (Porter and Ros- 
enthal). Carter’s data superimposed. X indicates no inocula- 
tion whereas a triangle indicates inoculation with FeSi. Analy- 
sis: Si, 1.50; Mn, 0.50; S, 0.069; P, 0.53; C, varied. Poured 
2460-2500 F Opt. Induction heat, oil sand mold. 


tests, which is not nearly as good as the 2 per cent of the 
authors. For better accuracy we average several tests. 

We have found several very practical uses for fluidity tests. 
On one operation we use the fluidity test as a routine shop con- 
trol, where small bolts are cast in permanent molds on a revolv- 
ing wheel. Tests are poured each hour and the fluidity con- 
trolled within an optimum range by making scrap additions to 
the forehearth ladle. Drastic changes in metal chemistry are 
also reflected immediately in the fluidity test, making it pcessible 
to make cupola adjustments long before the analysis is re 
ported. 

The fluidity test has also been used to determine proper pour 
ing temperatures for unfamiliar compositions of cast iron, steel, 
and high alloy types. Experiences on a tube of similar dimen- 
sions from a familiar chemistry have been translated to an 
optical temperature of an unfamiliar chemistry that will give 
equivalent fluidity. 

We have found the factors affecting fluidity to be very im- 
portant in centrifugal casting and indicated with reasonable 
accuracy by such a fluidity test. Our experience confirms that 
of the authors that degree of superheat above the liquidus seems 
to be the most important single factor in fluidity. 

Some of our data have been superimposed on the authors 
Fig. 5 showing the effect of carbon additions we made to an 
induction heat. See Fig. A. Our data falls in line with that of 
the authors surprisingly well in view of the differences in mold 
construction and the lower silicon of our iron. 

Similarly some of our data on the effect of temperature has 
been superimposed on the authors Fig. 9. See Fig. B. The tri- 
angles are shop tests of a cupola iron and the X’s from an induc- 
tion heat. On our tests fluidity did not appear as sensitive to 
temperature. However, a large proportion of our tests are 
poured less than 350 F above the liquidus since most of our 
castings are poured 200 to 400 degrees above the liquidus. Con 
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sequently our data should probably be compared with the lower 
end of the gray iron curve. Even then our data seems to give 
less slope. This might be due to differences in mold construc- 
tion. I would appreciate the authors opinion on this. 

1 would like to congratulate the authors on a valuable con- 
tribution to one of the sciences very fundamental to the casting 
processes. 

MEssRs. PORTER AND ROSENTHAL (Written Reply to Messrs. 
Carter and Schneidewind): We wish to thank Mr. Carter and 
Professor Schneidewind for their kind remarks. 

We have no definite explanation for the difference in slope 
between our carbon content vs fluidity curves and that supplied 
by Mr. Carter. However, it is quite possible that the effect is due 
to differences in test mold design. The fact that Mr. Carter’s 
carbon content for maximum fluidity is higher than ours can be 
attributed to the lower silicon and phosphorus content of his 
base composition. 

Mr. Carter has asked our opinion on the difference in slope 
between our curves and those he has submitted showing the 
effect of pouring temperature on fluidity. We have found that 
when an optical pyrometer is used to measure temperature, read- 
ings at low metal temperatures will tend to be on the high side 
because of an oxide film formation which gives a high emissivity 


739 


factor, whereas at high temperatures, fumes from the iron will 
tend to give low readings. If this were the case for Mr. Carter's 
measurements, the differences in slope between his curves and 
those given by us in>Fig. 9 could be explained. 


Professor Schneidewind notes that our data differ somewhat 
from those supplied by Mr. Evans in regard to the carbon 
equivalent value where maximum fluidity is obtained. In some 
work conducted since the paper was prepared, we have found 
that, like Mr. Evans, we have also obtained maximum fluidity 
at carbon equivalents in excess of the normally accepted value 
of 4.3 for the eutectic composition. Our data show a decrease in 
fluidity only after a carbon equivalent value of 4.56 is exceeded. 


Our use of C + Si/4 + P/2 as the best representation of the 
effect of these elements on fluidity was dictated only by the 
evidence we obtained. We are not suggesting it as a carbon 
equivalent expression or to complicate the picture. However, it 
should be recognized that fluidity measurements are governed 
by what happens to the metal in the liquid state whereas the 
carbon equivalent is commonly used in connection with solid 
metal properties. It should not be unreasonable for silicon or 
phosphorus to have a different effect in the two different situa- 
tions. 








MELTING IRON IN A BASIC-LINED 
WATER-COOLED CUPOLA — 


By 


Wally Levi* 


This paper deals with the operation of a basic- 
lined, water-cooled, production cupola of rather spe- 
cial design. Inasmuch as the literature contains very 
little information regarding basic cupola practice, 
some development work was necessary before desired 
results could be obtained with regularity. After sev- 
eral months of experimental work which involved 
some modifications in cupola design, a procedure was 
developed which has been quite satisfactory. It must 
be borne in mind that the practices established were 
developed in connection with one particular cupola 
and for this reason cannot necessarily be looked upon 
as princip'es to be followed to insure successful oper- 
ation of all basic cupolas. 


Carbon Control in Cupolz 


In many foundries today, one of the main prob- 
lems from the metallurgical standpoint is the pro- 
duction of irons with sufficiently high carbon to satisfy 
customers’ specifications and/or requirements of the 
castings being produced. The carbon content of the 
iron in acid cupola practice can, of course, be con- 
trolled within reasonably narrow limits by adjusting 
the carbon content of the ingoing charge. Generally 
speaking, high carbon irons are produced from mix- 
tures containing high percentages of pig iron and low 
carbon irons from those containing high percentages 
of steel. However, in times of peak production suf- 
ficient quantities of pig iron are not always avail- 
able and as a result cupola operators find themselves 
without the principal high-carbon raw material gen- 
erally used to keep the carbon content of their irons 
up to the desired level. 

It has been previously reported that somewhat 
higher than “normal’’ carbons can be obtained in 
acid practice through the use of ordinary by-prod- 
uct coke and/or beehive coke in combination with 
special fuels such as pitch coke, carbon electrodes, 
graphite electrodes, and briquetted carbon raisers of 
various types. However, with the materials just men- 
tioned, the increase in carbon above normal will 
rarely exceed 0.25 per cent and while this is an ap- 
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preciable amount it is rather insignificant in compari- 
son with what can be accomplished with basic cupola 
melting. Furthermore, some of the special fuels re- 
ferred to are rather expensive and the supply is not 
always adequate. 


Basic-Lined Cupola Installation 


The advent of the process for the production of 
gray cast iron with graphite in nodular or spheroidal 
form im the as-cast condition is one of the principal 
reasons for having installed a basic cupola at one of 
the company’s plants. It is well known that irons 
best suited to the production of nodular iron cast- 
ings are those containing low sulphur, low phosphor- 
us, and reasonably high total carbon. With acid 
cupola practice, nodular iron castings produced by 
the author’s company have been made from charges 
containing from 50 to 70 per cent of premium priced 
special pig irons, while with the basic cupola the 
charges have contained 70 per cent of steel and a 
maximum of 15 per cent pig iron. 

Furthermore, the basic irons contain less sulphur 
with no desulphurizing treatment after melting than 
the acid irons after sulphur reduction with fused 
soda ash. Obviously the reduced cost of the metal 
charge used and the reduction in the quantity of 
expensive magnesium alloys required to form spher- 
oidal graphite, place nodular iron castings made from 
iron melted in the basic cupola in a more favorable 
competitive position than when melting in acid cu- 
polas. 

Another reason for having installed a basic-lined 
cupola is the need for high carbon iron used in the 
manufacture of super deLavaud pipe which consti- 
tutes the bulk of the tonnage produced at one of the 
writer’s plants. For this product an iron with a mini- 
mum of 3.6 per cent total carbon is desired. With 
acid practice the cupola charges used contain from 
30 to 60 per cent pig iron and the balance cast scrap, 
while in the basic cupola the charges contain a mini- 
mum of 70 per cent steel and no pig iron whatever. 
Shortly after the basic cupola was put into operation 
it became evident that the iron produced could well 
be used as a substitute for purchased pig iron and 
used to advantage in the acid cupolas operated by 


52-48 





tl 


Fee A | 


— +: 


Ee = SS 





W. Levi 





TuveRt saga (@*?T sam) mame 
TWYERE GATTO (66m 18) ear 
TOP OF TUYERES To CuaRGme SEER HOOT 
mem cnanees noceum 
grace ecrwren rusce-rer 
erect ectetre Tees-sorres £ 


meusTio 
emmeor 




















All horizontal dimensions shown inside the shell are diameters 
of circles. Water enters cooling tubes at bottom and discharges 
at top. Note conical-shaped melting zone, insulated windbox, 
expansion joints between windbox and tuyeres, and acid lin- 
ing between shell and cooling tubes. 


Fig. 1—Original Cupola Design, Vertical Section. 


the company with which the author is associated. 

The sulphur content is lower than that in most of 
the merchant iron received and the carbon content 
is at a uniformly high level. The silicon content can 
be adjusted within a reasonably broad range and re- 
sults indicate that it can be controlled within reason- 
ably narrow limits. For example, it was desired to 
produce a carload of pig iron with approximately | 
per cent silicon. While it was being made, ten 
samples were taken for analysis and results showed a 
minimum of 0.95 per cent silicon, and a maximum of 
1.16 per cent silicon, with an average for all ten 
samples 1.09 per cent silicon. A pigging machine hav- 
ing a capacity of 20 tons per hour has been installed 
and is used in connection with the production of 
from 1200 to 1400 tons of pig iron per month. 


Basic Cupola Design 


The basic cupola in question was designed in the 
author’s company Engineering Department. It is not 
a made-over or revamped cupola, but one which is 
entirely new and stands in the place of one of the 
four cupolas which have been in service for many 
years. The shell is 96 in. 1.v. from the mandrel plate 
up to, and including the charging door opening, 
while the upper portion of the stack is 72 in. Lp. 

In the original design, Fig. 1, the water-cooled 
melting zone section was formed by 60 extra heavy 
214-in. hot rolled seamless steel tubes. They were 
arranged in the form of a truncated cone having a 
vertical height of about 7 ft, 9 in. The diameter at 
the bottom was 5 ft, 6 in., and the diameter at the 
top was 7 ft, 5 in. Spacing between tubes at the up- 
per ends was about 134 in. and at the lower ends 
about 34 in. The small diameter of the conical sur- 
face was located just above the tuyere openings, the 
purpose of this design being to provide an “over- 
hang” and thus prevent molten slag or iron from en- 
tering the tuyeres during its descent from the melting 
zone to the cupola well. iy 

Refractories were used to form the bottom and 
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sides of the tuyere openings through the lining and 
an alloy steel plate formed the top. The portion of 
the alloy steel cover plate toward the inside of the 
cupola burned off after a few heats and this made 
maintenance in the tuyere zone rather difficult. It is 
felt that the tube-type cooling system has many ad- 
vantages over those built in the form of sectional 
tanks. Steel piping or tubing is generally more read- 
ily available than the special steel castings required 
to form the tank sections. In case of a build-up of 
pressure within the cooling system, the tubes can 
withstand much higher stresses than can the tanks, 
and consequently the tube system is considerably 
safer. 

Water circulation through tubes is more positive 
than through sectional coolers principally because 
there are no “dead” corners where heat transfer might 
be inadequate. Consequently the tube-type system is 
the more efficient cooling unit, If necessary, individual 
cooling tubes can be easily removed for repair or 
replacement. 

Ordinary molding sand covered with about 2 in. of 
magnesite or a dolomitic type refractory is used in 
the cupola bottom. The well is lined with burned 
magnesite brick and the conical surface formed by 
the cooling tubes was covered by one course of basic 
brick 414 in. thick. Daily repairs to the well and 
melting zone are made with a dolomitic refractory 
material blown into place with an air gun. Screen 
analysis and chemical composition of this material 
are given in Table 1. 

Based on information available at the time our 
cupola was installed it seemed more than likely that 
the amount of silicon lost during melting with basic 
practice would be relatively high. (A loss of 10 per 
cent of the silicon in the charge is usually considered 
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Arrows indicate direction of flow of combustion gases as well 
air used for melting. 


Fig. 2—Cupola Air Blast Heater. 
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TABLE 1—PROPERTIES OF REFRACTORY USED IN DAILY 
REPAIR OF Basic CUPOLA 





Typical Screen Analysis* Typical Chemical Analysis* 





+6 0.0 Ig. Loss 0.79 
—6 +8 1.4 SiO, 5.38 
—8 +10 15.5 Fe,O, 5.14 
—10 +12 10.3 Al,O, 1.27 
—l2 +14 10.2 P.O; 0.01 
—1l4 +16 9.7 Cr,0; 0.61 
—I6 +20 5.7 CaO 39.72 
—20 +28 8.7 MgO 46.50 
—28 +435 3.8 Na,O 0.52 
—35 +48 1.9 
—48 +100 4.7 
—100+4200 8.4 

—200 19.6 


* Presented by permission of Basic Refractories, Inc. 





normal in acid practice.) Losses up to 20 per cent 
were reported as more or less “normal” in the basic 
cupola and T. W. Curry* reported in some of the 
well-run basic cupolas which he saw in operation in 
England in the summer of 1950, that the silicon loss 
was calculated to be 50 points (0.50 per cent) regard- 
less of the silicon content of the ingoing charge. 
This, of course, represents quite a high percentage 
loss, particularly if the ingoing silicon content is in 
the neighborhood of 2 per cent or less. 


Air Blast Temperature 


Research has pointed out that increasing cupola 
air blast temperature reduces silicon losses during 
melting in normal practice, and it was felt that these 
findings would hold true to some extent, at least, in 
basic practice. In view of the fact that silicon is a 
relatively expensive commodity, a cupola air blast 
heater was installed in conjunction with the basic 
cupola. A general arrangement of the heater is shown 
in Fig. 2. Its dimensions are 12 ft, 10 in. in length, 
9 ft, 4 in. in width, and 19 ft, 5 in. in height. It is 
capable of heating 13,000 cu ft of air per minute to 
a maximum temperature of 1000 F, through a heat- 
ing surface of approximately 4100 sq ft, and based on 
its capacity it is felt that this is a very compact unit. 
This heater does not use the combustible gases from 
the cupola but is of the externally-fired type using a 
single oil burner, and this feature in itself makes 
temperature control circuits relatively simple. 

Oil atomizers of different sizes are used in the 
burner to take care of the various load requirements 
imposed on the heater. For example, a single atom- 
izer will be used to heat between 450 and 600 lb 
of air per minute (approximately 5,800 to 7,800 cu 
ft per minute) to temperatures ranging from 500 F 
to 900 F. To heat this same quantity of air to tem- 
peratures ranging from 900 F to 1000 F will require 
a larger atomizer. When necessary, atomizers can be 
changed during the course of operation. The change 
can be made in a few minutes and the resulting drop 
in temperature is negligible. The blast temperature 
is held within narrow limits by means of automatic 
control equipment of the modulating type. This re- 





* Metallurgist, Lynchburg Foundry Co., Lynchburg, Va. 


MELTING IRON IN A Basic-LINED WATER-COOLED CupoLa 


sults in much closer control than can generally be 
obtained with the “on-and-off” type control. All con- 
trol equipment, pressure gages, starting switches and 
the like are mounted on a control panel located in 
a clean, well-lighted control room. Thus, the man 
in charge making routine visual inspection of the in- 
struments can tell at a glance whether or not the ce- 
sired conditions are being maintained. 

From a “cold” start the air heater is brought up to 
operating temperature at a maximum rate of 20 F 
per minute. This rate is controlled manually until 
the air blast is within 50 F of operating temperature 
and then the control is turned over to the automatic 
equipment. After the heater has been in operation 
for a period of an hour or more and it is desired to 
change the blast temperature, it can be done by 
simply resetting the automatic controls. During the 
“warm-up” period, air going through the heat ex- 
changer is “spilled” to the atmosphere by opening a 
specially designed, motorized by-pass valve. As soon 
as the blast has reached the desired operating tem- 
perature, the by-pass valve is closed and melting 
starts, thus providing hot air at a predetermined tem- 
perature from the very beginning of the heat. 

If for any reason it is necessary to stop melting 
temporarily during the course of a heat, the cupola 
blower is not shut down but the by-pass valve is 
opened, just as it was while the heat exchanger was 
being brought up to operating temperature. Melting 
is resumed by simply closing the by-pass valve and 
with this procedure the cupola air blast temperature 
remains exactly the same as it was prior to the shut- 
down. It is felt that the “by-pass” feature is a dis- 
tinct advantage over hot blast systems operated in 
conjunction with cupola blowers which must be shut 
down in case it is necessary to stop the melting 
operation. 

In connection with the heater there are a number 
of built-in safety devices designed to protect both 
the heater and the cupola. For example, if the water 
pressure in the cooling tubes inside the cupola falls 
below a certain minimum, the cupola blower is auto- 
matically shut off, and when the blower stops or the 
air flow falls below a certain minimum level, the 
burner in the combustion chamber goes out. If the 
burner flame goes out, the oil flow to the burner 
stops for a length of time sufficient to purge the com- 
bustion chamber of any explosive air-oil mixture, 
and if the combustion air blower fails, the flow of 
oil to the burner is cut off. In case of failure of any 
of the the:mocouples in the system, there is a signal 
light to indicate that this condition exists. 


Temperature Recording Control Instrument 


A recording control instrument makes a continuous 
record of the cupola air blast temperature. A section 
of the control chart when operating the heater at 950 
F is shown in Fig. 3. When heating about 550 Ib of 
air per minute to a temperature of 850 F, the rate 
of consumption of No. 2 fuel oil is approximately 60 
gallons per hour while the same amount of air heated 
to 950 F requires about 75 gallons per hour. 

Before putting the basic cupola into operation, 
estimates were made to determine whether or not the 
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Figures across the chart (0-1200) represent temperature in de- 
grees F. Control instrument is maintaining blast temperature 
at 950 F, with occasional deviations of only + 10 degrees. 


Fig. 3—Section of Air Blast Heater Control Chart. 


heat extracted by the water used in the cooling tubes 
would equal or exceed the amount of heat added by 
the hot blast. It seemed likely that when using 400 
to 450 lb of air per minute heated to 850 F that the 
heat in-put would exceed the amount taken out by 
the cooling water. Based on these findings it was de- 
cided to use a coke ratio of 6.7 to 1, which is the 
same as used successfully in the cold blast, acid cu- 
polas with mixtures containing more steel and a lower 
carbon in the charge than some of the first mixtures 
used in the basic cupola. 


Refractory Life 


The first few heats run were fairly satisfactory but 
it is now felt that this is because they were of rela- 
tively short duration. The cupola is of the front- 
slagging type and it soon became evident in order to 
operate a full 12-hr shift that one of the chief prob- 
lems was to find suitable refractories for the tap 
hole as well as for the trough and slag dam. With 
the strongly basic slag formed and high temperatures 
encountered (upwards of 2900 F at times) attack 
on the brickwork was extremely severe. For the tap 
hole, the first trials were with various sizes and shapes 
of water coolers, but these were abandoned after a 
few heats because it was felt that they were unsafe. 
Next, several different kinds of basic brick were tried, 
including stabilized dolomite brick, and a number of 
types of basic ramming refractories. None of these 
materials were satisfactory under the operating condi- 
tions involved. 

The difficulty encountered lay in the fact that the 
refractory material forming the top of the tap hole 
was severely attacked by the slag and within a rela- 
tively short time was so badly “eaten-away” that it 
was impossible to prevent air leakage through the 
breast. After several heats it was decided to build the 
tap hole with top and sides of carbon brick and the 
bottom of magnesite brick. With this construction, 
there was evidence of attack on the lower portion of 
the carbon brick forming the sides of the hole but 
after 4 hr of operation the carbon brick top was 
found to be practically free of attack. The conditior 
just described indicates that slag and iron flow 
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through the tap hole in separate layers with the iron 
toward the bottom as might be expected. The car- 
bon brick sides were probably being slowly dissolved 
by molten iron flowing against them and this along 
with some erosive action accounts for the attack noted 
above. The magnesite brick forming the bottom of 
the tap hole were, of course, in contact with the iron 
only and these were found to be in good condition 
at the end of the heat. 

These observations indicate that magnesite brick 
are more satisfactory in contact with iron than car- 
bon brick, and that the carbon brick are much more 
resistant to slag attack than magnesite. Consequently, 
a tap hole was built with magnesite brick bottom and 
sides, and carbon top as shown in Fig. 4. The brick 
forming the sides are notched with a masonry saw to 
permit insertion of a wafer (approximately 1-in. 
thick) of magnesite brick extending the full length 
of the tap hole. See Fig. 4, Detail B. The purpose 
of this is to protect the carbon top from attack by 
the iron until slag starts flowing at the beginning of 
the heat which may be from 10 to 30 min after tap- 
ping out. With this arrangement the upper portion 
of the magnesite brick sides is subject to slag attack. 
However, the sides are “backed-up” with carbon as 
a precaution against failure which might occur at 
such time as they are competely consumed by the 
slag. This “dual-refractory” construction has been 
found to be satisfactory. The magnesite brick re- 
ferred to are of the hard burned type and should 
contain as little iron oxide as is possible. 

In heats lasting from 24 to 30 hr, continuous serv- 
ice, the same grade of magnesite brick has been found 
suitable for lining the cupola trough from the tap 
hole out to, and including the slag dam. After chang- 
ing the refractory practice as just described, it be- 
came possible to gradually extend the duration of the 
heats from an average of about 2 to 4 hr to approxi 
mately 6 to 8 hr. As the length of the heats in- 
creased difficulties arising from changing conditions 
within the cupola became serious. At the beginning 
of the heats, composition of the iron was for the 
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Contruction consists of magnesite brick bottom and sides, with 
carbon brick top. Sides are backed with carbon brick and top 
is faced with 14-in. thick wafer of magnesite as shown in 
Detail B. 


Fig. 4—Dual Refractory Tap Hole for Front Slagging. 
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most part much more satisfactory from the stand- 
point of low sulphur and high total carbon than it 
was toward the end. 

It was reasoned that the favorable results obtained 
were attributable partially to the fact that the coke 
bed height of 56 in. above the tuyeres was probably 
greater than actually necessary especially in view of 
the fact hot blast was being used. (As air blast tem- 
perature increases, the melting zone moves progres- 
sively closer to the tuyere level.) The high coke bed 
should help maintain reducing conditions at least 
until such time as it “burned down” to a height cor- 
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dent, as the heat progressed, that the thickness of 
the lining oyer the cooling tubes in the melting zone 
became gradually thinner. Figure 1 shows lining con. 
tour at the end of the heat indicated as “Burn-Out to 
Dotted Lines.” It was felt that some of the air enter- 
ing the tuyeres would pass upward along the rela- 
tively cool surface of the thin lining, inasmuch as 
this represents the path of least resistance. 

The lining over the tubes above the melting zone 
becomes thicker as the distance upward from the 
tuyeres increases. Thus, with more insulation over 
the tubes, the air in its upward travel becomes hot- 


responding to the blast pressure. It was also evi- ter and hotter until finally a “secondary melting 


Tasie 2—Heat No. 3251, WitH 25% STEEL 
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Cupola Charge Flux Charge 
Materials Ib % ne oy MT TO 100 Ib 
Steel Scrap ....... See 25 | RE SAS Rae rer 150 Ib 
Pix teen Ge) .... RO ...... 35 ME Sis 0 tarvcassurakenens 50 Ib 
oo ee OE a ahece 30 — 
Stivery (6% Si)..... 2O...... 10 WE. eearescaygseasuces 300 Ib 
err a 100 
*Iron Analysis Cupola Slag, % 
Si S pg wt Temp. F FeO CaO SiO, MgO Al,O, 
1.16 0.096 3.30 2773 1.65 43.26 33.06 7.89 11.54 
0.95 0.082 3.32 2773 
0.43 0.095 2.98 2773 2.32 45.08 33.06 8.55 7.74 
0.69 0.122 2.98 2741 
0.49 0.130 2.57 2725 7.53 37.50 34.86 6.72 7.96 
0.98 0.089 3.03 2725 
0.79 0.109 2.68 2757 3.00 41.20 36.70 6.52 8.33 
0.84 0.108 2.99 2773 
1.12 0.102 2.98 2773 3.84 41.04 34.52 8.22 7.33 
Aver. 0.83 0.104 2.98 2757 3.67 41.61 34.44 7.58 8.58 
Silicon In Charge, % .............. 2.16 Carbon In Charge, % ............- 2.63 
Aver. Silicon Lom, % .....c0ccesces 61.5 Aver. Carbon Pickup, % .......... 0.35 
US. at ecesicwnine sc 900 F SDs wrividc sis 0k Gdns och clcwend 6.7 


*Note: Iron samples from cupola every 30 minutes. 





Taste 3—Heat No. 53151—Cuarce WitH 50% STEEL 
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Materials Ib % pi eee eee eee 100 Ib 
Se PRS SARE rare Oe vsssaa 50.0 Oe ere 50 Ib 
PEE neni ondaacnedceses re 20.0 MN Sawa pan nse tperenced 20 Ib 
SD ip a peiwvichan deine re EN TN ais wrens tances 4 lb 
Silvery (8% Si) ..........-.. a 7.5 —_—_— 
Briquets @ 2 Ib Si ........ iin roes te | ee epee ene as 174 lb 
ee ee ere SE 5:55 100.0 
*Iron Analysis Cupola Slag, % 
Si S T.C Temp, F FeO CaO SiO, MgO Al,O; S 
1.65 0.020 4.08 2908 
1.69 0.017 4.08 2970 0.46 50.40 28.06 8.72 5.10 1.26 
1.46 0.016 4.26 2954 
1.44 0.015 4.04 2908 0.46 53.48 26.76 9.20 5.58 1.23 
1.56 0.018 4.01 2923 
1.44 0.015 4.20 2954 0.53 49.70 27.24 8.36 5.88 1.53 
1.72 0.017 4.04 2954 
1.95 0.013 4.04 2954 0.59 50.04 28.30 8.66 5.96 1.36 
Aver. 1.61 0.016 4.09 2941 0.51 50.91 27.59 8.74 5.63 1.35 
Silicon In Charge, % ..00<0cssc0es 1.70 eee 1.88 
Aver. Silicon Los, % ............--58 Aver. Carbon Pick-up, % .......--.- 2.21 
oe Sree erry 850 F COR TABTD oon cccccncencccnsesne 5:1 


*Note: Iron samples from cupola spout every 30 minutes. 
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zone some 5 to 7 ft above the tuyere openings is de- 
veloped. That such a secondary melting zone ac- 
tually existed was definitely established by the pres- 
ence of pieces of fused iron and steel scrap adhering 
to the cupola lining at a considerable distance above 
the tuyeres. Needless to say the condition just de- 
scribed is highly undesirable and results in consider- 
able “damage” to the metal, because at least a part 
of the iron melted in the upper melting zone drips 
for some distance through air containing free oxy- 
gen. The iron oxide formed eventually finds its way 
into the slag and thus reduces its desulphurizing 
power. As a result, the sulphur content of the iron 
will be high and the carbon will be low because 
under some conditions, at least, carbon decreases as 
sulphur increases. 


Some Difficulties Encountered 


Table 2 gives results obtained in connection with 
heat No. 3251, with 25 per cent steel, using the 
original cupola design. At first, the unsatisfactory re- 
sults obtained were attributed largely to cupola de- 
sign, though as will be seen later, good results were 
obtained with this design when larger quantities of 
coke were used. That poor melting conditions ex- 
isted is clearly indicated by the high iron oxide con- 
tent of the slag. Furthermore, the ratio of CaO (41.61 
per cent) to SiO, (34.44 per cent) in the slag is con- 
siderably lower than anticipated and it is felt that 
this is due chiefly to the excessively high silicon loss. 
As is well known “silicon loss” represents that por- 
tion of the silicon in the charge which is oxidized to 
SiO, during the melting operation. The SiO, thus 
formed is absorbed by the slag and drastically re- 
duces the basicity when large quantities are involved. 

In order to counteract some of the difficulties at- 
tributed to cupola design it was decided to attempt 
a few heats using 214 per cent of calcium carbide and 
coke ratio, exclusive of bed coke, of 5.0 to 1. For 
each 2000-Ib metal charge, 300 Ib of coke plus 50 Ib 
of 314-in. x 2-in. lump calcium carbide were used. In 
addition to this an extra 1000 lb of coke was used 
every tenth charge. It was anticipated that the large 
quantity of coke plus the carbide would establish a 
strongly reducing condition favorable to both car- 
bon absorption and sulphur removal. The air rate 
was 400 to 450 lb per minute at a temperature of 
850 F. Results obtained in connection with Heat No. 
53151 using a mixture containing 50 per cent steel 
are given in Table 3, and are more satisfactory than 
those previously obtained. 

After a number of heats, it became evident that 
it was necessary to use large quantities of coke and 
a very expensive flux charge, in order to produce 
the low sulphur, high carbon irons desired. In con- 
nection with the original cupola design, develop- 
ment of leaks in the cooling tubes was quite a com- 
mon occurrence. Most of the leaks occurred near the 
lower ends of the tubes where molten iron and slag 
dripped onto them during the course of the heat. 
This situation was not dangerous from the standpoint 
of explosions as proven by the fact that in many cases 
the leaks were not discovered until the bottom was 
dropped at the end of the day’s operation. However, 
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fairly bad leaks affected metal temperatures, slag 
fluidity, and chemical composition and in one in- 
stance when a serious leak occurred the cupola was 
completely bridged over. This condition further in- 
dicated that the cone-shaped, water-cooled melting 
zone was undesirable. It was therefore, decided to 
rearrange the cooling tubes so that they are now 
parallel with the cupola shell. At the same time, 12 
water-cooled copper tuyeres projecting beyond the 
surface of the cupola lining were installed as shown 
in Fig. 5. 

A feature of these tuyeres is that the distance they 
project can be adjusted over a 5-in. range. Thus, the 
circle bounded by them can be as small as 62 in. in 
diameter, or as large as 72 in. in diameter. Since 
installation of the cooling tubes parallel with the 
cupola shell there have been no indications of leaks 
whatever, over a period of many months of opera- 
tion. Originally there were some leaks in the water- 
cooled copper tuyeres but it was found that this was 
caused by a temporarily inadequate water supply. 
With the revised cupola design it was reasoned that 
the tendency to establish a secondary melting zone 
several feet above the tuyeres would be minimized or 
eliminated entirely. Some of the air entering the 
tuyeres could, of course, not be prevented from pass- 
ing out of the cupola upward along the water-cooled 
wall. However, before reaching the wall it would 
have to travel upward an appreciable distance due 
to the fact that it passes through the tuyeres with a 
fairly high velocity. 

It is not conceivable that air entering any particu- 
lar tuyere would completely reverse its direction of 
flow at the tuyere outlet and pass directly back to 
the water-cooled wall at the tuyere level. Further- 
more, any portion of the air blast having a tendency 
to flow outward toward the water-cooled lining 
would have to travel in a horizontal direction through 
a thickness of incandescent coke equal to the dis- 
tance from the tuyere outlet to the surface of the 
lining over the cooling tubes. Assuming there is | in. 
of refractory over the cooling tubes after conditions 
within the cupola have reached equilibrium, this dis- 
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Melting zone is cylindrical with cooling tubes parallel with 
shell. Note water-cooled copper tnyeres (12 in all) projecting 
beyond inside of lining, and spray headers to provide cooling 
water on shell between and below tuyeres. 


Fig. 5—Revised Cupola Design, Vertical Section. 
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Tasie 4—Heat No. 73151, Cuarce with 70% STEEL 























. Revised Cupola Design 

Cupola Charge Flux Charge 
Materials Ib % EE EE 100 Ib 
Pe NN 302 chee te Seow ssccks 70 | en ere eee oe 50 Ib 
SE NED ids Sania sb. een hey GOP: cn. ue 25 EE Peer eae 20 Ib 
Silvery (8%, Si) ........0+000. BE sid we aare 5 Oe eee eee 4 lb 
Beeeets 2. GF... «020.0 eae 

sonnel ames ake sktr<<% eee 174 Ib 

WE Sok rick chen ves caceesoes BO .<0es 100 

*Iron Analysis Cupola Slag, % 

Si S T.C. Temp, F FeO CaO SiO, MgO Al,O, S 
1.12 0.013 3.98 0.70 52.68 29.52 8.92 4.30 1.20 
0.95 0.010 4.01 0.80 
1.12 0.015 3.92 2923 0.70 
1.13 0.012 3.97 0.76 
1.06 0.014 4.05 2954 0.76 54.68 26.88 7.40 4.46 1.27 
1.05 0.010 3.94 0.78 
1.12 0.012 3.92 2923 0.67 
1.03 0.016 3.94 2893 0.74 
1.14 0.018 3.94 0.74 56.24 26.60 6.80 4.76 1.56 
1.16 0.015 4.02 0.80 

Aver. 1.09 0.014 3.97 2923 0.75 54.53 27.67 7.71 4.51 1.34 
Siicom in chatge, % ....-. 225500 1.20 CERO 2 GIR os oki vssisasccacss 1.17 
Aver. Silicon loss, % ......+-.see0e- 9.2 Aver. Carbon pick-up, % .......... 2.80 
Ade Blast GOMp.. 2262. ccsicescrsaes 850 eT 3b ocd sl ea wn baa cae es §.8:1 


*Note: Iron samples from cupola spout every 30 minutes. 





tance would be between 6 and 11 in. depending on 
how far the tuyeres project beyond the lining. Sat- 
isfactory results have been obtained with the tuy- 
eres so arranged as to form a 66-in. diameter circle. 
Under these conditions they project 9 in. beyond the 
lining in the melting zone and there is no evidence 
whatever of the existence of the secondary melting 
zone previously referred to. Several views (both in- 
ternal and external) of the revised cupola are shown 
in Figs. 6 to 10 inclusive. 

After making the design changes mentioned above, 
the percentage of steel was increased and results (rep- 
resenting five consecutive hours of operation) ob- 
tained in connection with Heat No. 73151 using a 70 
per cent steel charge are given in Table 4. The 
above metal was poured into the pigging machine, 
previously mentioned, and shipped to one of the 
author’s plants for use as a special purpose pig iron. 

To bring the cupola bed up to the desired height 
of 56 in. above the tuyeres requires about 5,000 to 
5,500 Ib of coke. As in acid practice, it was expected 
that the sulphur content of the first iron tapped 
would be relatively high. This is due partially to 
the fact that the first charges absorb sulphur from a 
larger quantity of coke than those melted later in 
heat. Furthermore, at the start of the heat there is 
apt to be insufficient slag volume at a relatively low 
temperature. At low temperatures the slag lacks fluid- 
ity and when this is the case, reactions favorable to 
sulphur reduction proceed more slowly than with 
fluid slags at high temperatures. 

During some of the first heats 200 Ib limestone, 
200 lb dolomite, 100 lb carbide, and 16 Ib fused soda 





y ce 
ash pega placed ON top of the coke bed. Under these General view showing 3 of the 12 tuyere connections. Vents 
conditions the first iron tapped contained from 0.118 and water overflow pipes from cooling tubes may be seen at 
to 0.195 per cent sulphur. The materials were grad- the top of windbox. Cupola spout is in right foreground. 


ually changed until the flux charge ON the bed con- 
sisted of 700 lb dolomite, 100 lb carbide, 45 Ib spar, Fig. 6—Revised Cupola Design. 
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This shows “goose-neck” castings between windbox and water 
cooled copper tuyeres. Note cooling water flowing over shell 
between and below tuyeres. Front-slagging spout and _ slag 
overflow are in right foreground. 


Fig. 7—Revised Cupola Design. 





Close-up of part of water header ring and connection to lower 
end of one of the cooling tubes extending through the shell. 
This is shown just to left of center. Note water spray on shell 
and “A” shaped angle to keep water out of trough. 


Fig. 8—Revised Cupola Design. 





View inside of cupola after daily repair with dolomitic refrac- 
tory blown into place with an air gun. Note projecting water- 
cooled copper tuyeres. Some of the cooling tubes can be seen 
at left. 


Fig. 9—Revised Cupola Design. 


and 16 lb fused soda ash. With these materials the 
first iron tapped contained between 0.071 and 0.093 
per cent sulphur. The next combination consisted of 
200 Ib of carbide mixed JN with the portion of the 
bed coke extending upward from the tuyeres about 
37 in., along with 700 Ib of dolomite and 45 Ib of 
spar ON the bed. Apparently increasing the amount 
of carbide and placing it down in the coke bed was 
quite effective because under these conditions, the 
first iron contained from 0.039 to 0.054 per cent sul- 
phur. 

In an attempt to reduce the sulphur content of the 
first iron still further the same quantity of flux ma- 
terials as described in the previous test was used. 
However, the carbide was concentrated in the por- 
tion of the bed coke extending upward from the 
tuyeres about 18 in., but this did not bring about 
further reduction in the sulphur. content of the first 
iron tapped. 

The type or quality of coke used will in all prob- 


Inside of cupola after 65 hr continuous service. Cooling tubes 
and projecting water-cooled copper tuyeres can be plainly seen. 


Fig. 10—Revised Cupola Design. 


ability have a definite bearing on carbon control. 
Results presented elsewhere in this paper report the 
effect of changing the quantity of coke per charge, 
but to date only one type has been used to melt most 
of the iron produced in the basic cupola in question 
and for this reason it will be impossible to report 
on the effects of other types at this time. The coke 
which has been used is a good quality beehive type 
with average analysis as shown in Table 5. 


TABLE 5—COKE ANALYSIS 





Fixed Carbon, % ....93.5 a aS eee 0.32 
kk, 0.9 ee ee 0.094 
Sulphur, % ....-.s00- 0.54 | Se ere <>. oa 
a. hy See 4.76 a ere 0.50 
ee eee or 1.93 FE. 0.65 <cGesesesece 0.008 





In attempting to control the carbon content of 
the iron, it was felt that lower carbons might be ob- 
tained by reducing the slag volume. This will reduce 
the basicity of the slag by virtue of a reduction in 
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the percentages of CaO and MgO present, while the 
amount of SiO, absorbed from the coke ash remains 
practically constant. Minor variations in oxidation 
of silicon during melting will have little effect on 
slag basicity while any marked increase in the amount 
of silicon oxidized will, of course, reduce the basicity 
still further. In order to determine the effect of slag 
volume, the quantity of flux materials used during 
the course of Heat 10351 was changed as shown in 
Table 6. All other details of the operation remained 
the same. 

Two separate and distinct 5-hr periods within the 
heat just mentioned were selected for purposes of 
comparison. The first period includes results obtained 
from the fourth to eighth hours inclusive, while the 
second period includes results from the sixteenth to 
twentieth hours inclusive. Results obtained during 
the first three hours of operation have been deliber- 
ately omitted because it is felt that “normal” or 
“equilibrium” conditions may not exist within the 
cupola at the start. Immediately after the eighth hour 
of operation, the flux charge was changed to the 
quantities shown in Table 6 under column headed 
“9th-20th Hrs. Incl.” Thus, the 7-hour interval be- 
tween periods has provided ample time for the elim- 
ination of any “carry-over” effect of the flux charge 


TABLE 6—FLUX PER ONE-TON METAL CHARGE 





Heat No. 10351 








Materials 4th-8th Hrs. Incl. 9th-20th Hrs. Incl. 
0 rere eee eg oracle SS'y seal 75 lb 
ind oo dale Ouaoua ERR Fee Seen nesaee None 
Ba ERE a are eee on eee Rt ee eee 10 Ib 
| re 8 RE re ae 22.5 Ib 
*MgO Charged ........... kos ional ddan ae 15 Ib 


* These figures based on results of analysis of the dolomite 
used which indicate the presence of approximately 30% lime 
(CaO) and 20% Magnesia (MgO). Manufacturers of com- 
mercial calcium carbide state that it contains 75% CaC, and 
the balance lime. Thus, 1 lb of carbide in the cupola forms 
0.9 lb of lime and from this it is obvious that it can be 
looked upon as containing 90% CaO. 
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used at the beginning. 

Results of silicon, sulphur, total carbon, and sla» 
analyses, along with temperatures of iron at the 
cupola spout are given in Table 7 and Table 8, re 
spectively. A comparison of average values in thes 
tables indicates a silicon loss of 11.4 per cent at th: 
beginning of the heat and a pick-up of 12.2 per cen 
at the end. (Silicon loss, or pick-uP, is calculated by 
subtracting the average silicon in the iron at th 
cupola spout from the silicon in the charge and div 
iding this difference by the silicon in the charge. 
The silicon pick-up noted is probably the result of 
reduction to metallic silicon of some of the SiO, in 
the slag by carbon, and the silicon thus produced is 
dissolved in the molten iron. The reaction could be 
written: 


SiO, + 2C = Si + 2CO 


This reaction would normally be expected to pro- 
ceed more rapidly as temperature increases and basic- 
ity of the slag decreases. Data recorded indicate that 
the conditions existing at the end of the heat were 
more favorable to reduction of SiO, than in the 
early hours because the average temperature toward 
the end was 2889 F with a slag basicity of 1.4 as 
compared to an average temperature of 2794 F and 
a slag basicity of 1.6 at the beginning. Slag basicity 
was calculated by dividing the sum of the percent- 
ages of CaO + MgO by the sum of the percentages 
of SiO, + Al,O 3. It is of interest to note that the 
iron at the start of the heat contained an average of 
0.032 per cent sulphur, while the slag contained an 
average of 1.46 per cent sulphur. The iron melted 
at the end of the heat contained an average of 0.055 
per cent sulphur and the slag contained an average 
of 1.85 per cent sulphur. 

In spite of the higher percentage of sulphur in 
the slag at the end of the heat the sulphur content 
of the iron melted during this period was greater 
than at the start. However, it must be remembered 
that the quantity of flux used at the end was less 


TABLE 7—Basic CupoLta Heat No. 10351 
4th-8th Hours of Operation, Incl. 





Cupola Charge 


Flux Charge 




















NE NN So gos cs au caw skoda 1400 Ib SS ee PCs eer ere 150 Ib 

RMI ig 6, rd'n.g-d' sosracaae mer cme 600 Ib a eer 10 Ib 

i ee, Aa. | errr 50 Ib POR asic sg seuycedceuasou 25 Ib 

eS errr 1 pe 

*Iron Analysis Cupola Slag, % 

Si S T.C. Temp, F FeO CaO SiO, MgO Al,O, S 

0.82 0.033 4.13 2792 

0.93 0.031 3.88 2827 0.37 43.60 27.70 15.12 7.88 1.45 

1.15 0.032 4.08 2775 

0.95 0.039 3.98 2810 35 

1.22 0.035 4.07 2775 

0.98 0.020 4.25 2775 0.35 

0.96 0.027 4.14 2792 

1.13 0.028 4.05 2810 0.44 

1.01 0.046 3.89 2792 

0.95 0.029 4.08 2792 0.73 42.00 27.24 11.43 7.44 1.47 
Aver. 1.01 0.032 4.06 2794 0.45 12.80 27.47 13.28 7.66 1.46 

ee ee, ee 1.14 Carhom th Gere, GH ow oa snc cccies 1.26 

po eer 11.4 Aver. Carbon ‘pick-up, % ........0- 2.80 

Pe EE ke s'nn.nns scans 950 F DR NS Fost cous win ce ds aw sks 53:3 


*Note: Iron samples from cupola spout every 30 minutes. 
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Tas_e 8—Basic Cupota Heat No. 10351 
16th-20th Hours of Operation, Incl. 

Cupola Charge : Flux Charge 
ee ere 1400 Ib SEE eT ee LE eee 75 Ib 
Ce I asad pice dec diese sman 600 Ib CE GPRD: kao 0 69 sion sn necks None 
ee ee errr 50 Ib PE 656s docnkiwanear ene -anles 10 Ib 
Briquets @ 2 Ib Si ............. 1 pe 

*Iron Analysis Cupola Slag, % 

Si S T.C. Temp, F FeO CaO SiO, MgO Al,O; S 
1.31 0.068 3.94 2845 0.44 37.04 29.84 19.02 10.89 1.68 
1.34 0.056 4.06 
1.21 0.059 4.10 0.51 
1.29 0.050 4.26 2893 
1.22 0.048 4.20 0.37 
1.35 0.041 4.25 
1.21 0.040 4.25 0.37 37.20 27.60 20.40 11.42 2.01 
1.31 0.056 4.25 2878 
1.32 0.069 3.91 0.40 
1.17 0.053 4.18 2938 

Aver. 1.28 0.055 4.14 2889 0.42 $7.12 28.72 19.71 11.16 1.85 
oe ee err ree 1.14 Carton te GCheres, & x00 sevesesecs 1.26 
Aver. Silicon pick-up, % .........- 12.2 Aver. Carbon pick-up, % .......... 2.88 
ee ae Pere 950 F gg me EE PEC Ee ETT E EE SE EL. 5.3:1 


*Note: Iron samples from cupola spout every 30 minutes. 





than half of that used at the beginning and conse- 
quently there was an appreciable reduction in slag 
volume. While there may be a higher concentration 
of sulphur in the smaller volume, it is readily under- 
standable that it has a smaller total capacity for 
sulphur simply because there is less slag present. This 
indicates that sulphur reduction is a function of slag 
volume as well as slag basicity. 

The average total carbon in the first hours of the 
heat was 4.06 per cent as compared with 4.14 per 
cent in the last hours. This difference is not par- 
ticularly great as the deviation from the average of 
these two figures is only plus or minus 0.04 per cent. 
However, the higher carbon level was obtained at 
the higher melting temperatures and this is what 
would normally be expected. It has been reported 
that an increase in sulphur content of the iron will 
be accompanied by a decrease in total carbon, How- 
ever, this was not the case during the heat in ques- 
tion and based on results. obtained it appears, within 
certain limits at least, that the carbon level may be 
dependent on other factors such as the quantity of 
FeO in the slag and the maintenance of strongly 
reducing conditions. That such conditions were main- 
tained is indicated by the fact that the slag at the 
start of the heat contained an average of only 0.45 
per cent FeO, while that at the end contained an aver- 
age of only 0.42 per cent FeO. 

The composition of the slag in the last hours of 
the heat was such that the attack on the basic re- 
fractories in the cupola trough and slag dam was 
so severe that the heat had to be discontinued about 
3 hr ahead of schedule. Tests to determine the ef- 
fects of still further reduction in the quantity of 
flux materials used will have to be left as the subject 
of a future investigation. 

Attention is again called to the fact that the tem- 
perature of the iron at the end of the heat (average 
2889 F) was 95 F higher than that of the iron at the 
start (average 2794 F). This increase in tempera- 


ture might possibly be explained by a heat balance 
based on the following: 


(1) *To calcine | lb of CaCO, or MgCOsg requires 
788 Btu. 

(2) *To form and superheat | lb of slag to 2800 F 
requires 900 Btu. 

(3) *Specific heat of cast iron is 0.23 Btu per Ib 
of per°F. 

(4) The dolomite used contains 30 per cent CaO 
and 20 per cent MgO which is equivalent to 
95 per cent total carbonates. 

(5) Dolomite used, 4th-8th hours inclusive, was 
150 lb per ton of iron. 

(6) Slag formed, 4th-8th hours inclusive, was cal- 
culated to be 131.6 lb per ton of iron. 

(7) Dolomite used, 16th—20th hours inclusive, was 
75 lb per ton of iron. 

(8) Slag formed, 16th-20th hours inclusive, was 
calculated to be 70.6 lb per ton of iron. 


* These values taken from HANDBOOK OF CUPOLA OPERATION, 
Ist Edition, Pages 308, 314, and 353 respectively. 


HEAT REQUIRED TO CALCINE STONE AND ForRM SLAG 





4th-8th hours, inclusive. 
To calcine stone per ton of iron requires 
1500.95 788 — 112,290 Btu 
To form slag per ton of iron requires 
131.6900 — 118,440 Btu 


per ee .. 230,730 Btu 
16th-20 hours, inclusive. 
To calcine stone per ton of iron requires 
750.95 788 = 56,145 Btu 
To form slag per ton of iron requires 
70.6900 — 63,540 But 


ME ans oe eica da deenon 119,685 Btu 
Difference in heat available per ton of 
iron, 16th-20th hours inclusive — 111,045 Btu 
To raise temperature of 1 ton of iron 
requires 2000 0.23 — 460 Btu 
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At 100% efficiency the extra heat available per ton of 
iron—16th-20th hours, inclusive—wou!d raise the tem- 
perature of the iron 111,045 + 460 or 241°F. The 
actual increase in temperature of 95 F represents an 
efficiency of 39.4 per cent which is reasonable for a 
hot blast cupola. 

There is some evidence that carbon control might 
be achieved through variations in the cupola air blast 
temperature, and as might be expected the carbon 
level will be directly proportional to blast tempera- 
ture. On one occasion, an interruption in the opera- 
tion of the blast heater occured between 6:00 a.m and 
9:00 a.m. During this period the blast temperature 
fell from 950 F to a low of 170 F at 7:20 a.m. and 
then returned to 950 F. Samples of iron for chemical 
analysis were taken at 30-min intervals and results of 
analysis of the iron and slag as well as tapping tem- 
peratures are recorded in Table 9. 


Tasie 9—EFFECT OF AIR BLAST TEMPERATURE 
Heat No. 10551 





*Iron Analysis Cupola Slag, % 





Time Temp, 


AM. %Si %S %T.C. F FeO CaO SiO, MgO Al,O, 





5:30 1.14 0.024 4.10 2845 
6:00 0.91 0.044 3.89 2827 
6:30 0.79 0.036 4.03 2792 
7:00 1.08 0.042 3.83 2792 0.64 
7:30 1.19 0.057 3.52 2757 

8:00 0.84 0.054 3.74 2845 1.30 
8:30 0.60 0.067 3.63 2878 
9:00 0.83 0.043 4.10 2878 
9:30 0.85 0.038 4.36 2862 
10:00 1.29 0.032 4.32 2878 0.80 

*noTE: Iron samples from cupola spout every 30 minutes. 


0.50 42.20 28.60 16.60 8.70 


1.06 41.80 28.00 14.60 9.55 





Results indicate rather poor uniformity of chemical 
composition from one sample to the next, but it must 
be remembered that the samples were taken from the 
stream of iron flowing in the cupola trough where 
no mixing was possible. In spite of this there is a 
definite trend toward lower silicons, total carbons, 
and iron temperatures along with an increase in both 
the sulphur content of the iron and the FeO ccn- 
tent of the slag, as the cupola air blast approached 
the minimum of 170 F. Once the blast temperature 
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returned to 950 F. The trends just mentioned were 
reversed and the operation returned to normal. In- 
asmuch as only a small amount of data is available 
covering this phase of carbon control, further com- 
ment will be withheld at this time. 

Another approach to carbon control would be 
through adjustment of the amount of coke used per 
charge. A comparison of results obtained during 
Heat No. 112051 with those obtained during Heat 
No. 103151 are given in Table 10 and Table 11 re- 
spectively, and indicate the effect of reducing the 
amount of coke, all other things remaining the same. 
In both cases the mixture contained 70 per cent steel 
scrap, sufficient silvery (15 per cent grade) to bring 
the silicon in the charge to 1.17 per cent the balance 
being cast scrap. The flux charge consisted of 150 
Ib dolomite, 10 Ib calcium carbide (314-in. x 2-in. 
lump) , and 15 lb spar per ton, and the air blast tem- 
perature was 950 F. 

During Heat No. 112051 the coke per 2,000 Ib 
metal charge was 350 Ib, while 275 lb of coke per 
2000 lb metal charge were used in connection with 
Heat No. 103151. The most significant figures in 
the tabulations of results are those representing the 
amount of FeO in the slag. Reducing the amount 
of coke has created a condition more favorable to 
oxidation and this is clearly indicated by a compari- 
son of the percentages of FeO in the slags. As a re- 
sult of the condition just mentioned the silicon loss 
has increased from 11.9 per cent using the lower 
coke ratio to 48.8 per cent with the higher coke ratio. 
The high silicon loss lowers basicity of the slag, re- 
duces its ability to remove sulphur and consequently 
produces iron with higher sulphur and lower carbon. 
The actual difference in silicon content of the iron 
at the cupola spout is 0.34 per cent or 6.8 Ib of sili- 
con per ton of iron. Replacing this quantity of sili- 
con in the form of 75 per cent ferrosilicon will cost 
about $1.42 per ton of iron which is considerably 
more than the value of the additional 75 lb of coke 
used. 

In cupola melting the principal sources of sulphur 
found in the iron are from the metallic components 
of the charge plus that in the coke. Assuming that 
the coke contains 0.5 per cent S, that all the sulphur 


Taste 10—Heat No. 112051 with 70% STEet 
350 Ib coke per ton 

















*Iron Analysis Cupola Slag, % 

Si S Tx. Temp, F FeO CaO SiO, MgO Al,O, 
1.11 0.038 4.07 2722 0.44 7 
0.93 0.036 4.18 2757 
0.95 0.033 4.13 2792 0.36 
0.93 0.025 4.37 2775 
1.08 0.019 4.31 2775 0.30 42.35 29.34 15.10 8.92 
0.98 0.030 4.16 2775 
1.25 0.031 4.20 2792 0.30 
0.94 0.023 4.34 2775 
1.20 0.024 4.36 2740 0.26 42.35 28.68 14.38 8.42 
0.79 0.026 4.33 2792 

Aver. 1.02 0.029 4.25 2770 0.33 42.35 29.01 14.74 8.67 
Silicon in Charge, Gs. 2. ..s0ccscee 1.17 Carbon im Charge, % .......5..00- 1.24 
ROE, SE BM, DG 0 056 5:0< 058009 11.9 Aver, Carbon Pick-up, % .......... 3.01 


*Note: Iron samples from cupola spout every 30 minutes. 
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in the coke between charges is absorbed by the iron, 
none is absorbed from the bed coke and that there is 
no melting loss (or gain), it could be reasoned that 
each 100 Ib of coke per ton would result in an in- 
crease of 0.025 per cent S. Based on these assump- 
tions, it is evident that the sulphur in the charge (S 
in metal plus S in coke) can be lowered by reducing 
the amount of coke between charges. It could be 
reasoned further that with lower sulphur in the 
charge, a reduction in the amount of sulphur and 
an increase in carbon in the iron at the cupola spout 
might be achieved. However, attempts to control 
carbon in this manner may account for unsatisfactory 
operation as indicated by results in Table 11. 

For long heats melting charges of a low carbon 
content (generally high percentages of steel), enough 
coke must be used to maintain the highly reducing 
conditions necessary for good sulphur reduction and 
high carbon pick-up, as previously mentioned. In 
addition to being an excellent fuel, incandescent coke 
is a powerful reducing agent, and this property 
should not be overlooked, especially in connection 
with the operation of a basic cupola. Furthermore, 
attention is called to the fact that the carbon pick-up 
during the melting of charges containing from 70 to 
100 per cent steel is between 2.7 and 3.7 per cent. 
This is equivalent to 54 to 74 lb of carbon per ton 
which in turn represents from 60 to 80 lb of coke 
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containing 90 per cent carbon. The coke which is 
used for carburization of the charge, is, of course, not 
available for melting and superheating the iron, but 
must be taken into account when coke ratios are 
being considered, 

There have been no difficulties encountered when 
melting charges containing 100 per cent steel scrap 
provided that a sufficient amount of coke is used. Re- 
sults obtained in connection with such a heat are 
given in Table 12. In this connection a silicon loss of 
46.7 per cent, is reported but quantitatively this re- 
presents only 2.8 lb of silicon per ton of iron. From 
this standpoint the loss is not particularly serious as 
2.8 lb of silicon will form only 6 lb of SiO,. This 
will have relatively little effect on the composition 
of the quantity of slag involved. It is important, 
however, to see to it that the number of pounds of 
silicon burned to SiO, be held to the lowest prac- 
tical minimum. 

In view of the cost of labor and materials to make 
repairs it has been our objective to operate the basic 
cupola continuously for as many hours as possible. Af- 
ter modifying the cupola design and using the breast 
construction shown in Fig. 4 it became possible to 
operate continuously for 24-hr periods as previously 
stated. Examination of the lining after these heats 
indicated relatively severe attack on the refractories 
between the tuyeres and in the well at the slag line. 


Tas_e 11—Heat No. 103151 wir 70% Steer 
275 lb Coke Per Ton 























*Iron Analysis Cupola Slag, % 

Si S T.C. Temp, F FeO CaO SiO, MgO Al,O,; 
0.73 0.052 3.80 2810 
0.73 0.054 3.86 2810 1.26 
0.75 0.055 3.60 2845 
0.70 0.050 3.71 2810 0.84 39.20 30.38 12.25 6.03 
0.62 0.048 3.79 2827 
0.80 0.048 3.63 2810 0.90 
0.51 0.057 3.46 2810 
0.77 0.058 3.48 2810 1.28 
0.39 0.058 3.46 2775 
0.79 0.047 3.87 2862 0.76 39.60 29.56 13.40 7.34 

Aver. 0.68 0.053 3.67 2817 1.01 39.40 29.97 12.83 6.68 
Silicon in Charge, %, «.00500022206+ 1.17 Carbon in Charge, % .............. 1.24 
Aver. Silicon Loss, % ........+20+: 48.8 Aver. Carbon Pick-up, % .......... 2.43 
*Note: Iron samples from cupola spout every 30 minutes. 
Taste 12—Heat No. 102451 with 100% STeev 
Flux Charge Per Ton 
Dolomite 160 Ib 
Carbide 13 Ib 
Spar 13 lb 
*Iron Analysis Cupola Slag, % 

Si S T.C. Temp, F FeO CaO SiO, MgO Al,O; S 
0.17 0.037 3.98 2862 0.70 1.14 
0.19 0.035 4.03 2827 
0.16 0.032 4.10 2827 0.60 44.80 24.20 12.24 10.30 1.24 
0.13 0.028 4.03 2792 

Aver. 0.16 0.033 4.04 2827 0.65 44.80 24.20 12.24 10.30 1.19 
Silicon im Comte, & ...<2..ccscate 0.3 Carbon in charge, % ......seecces 0.30 
Aver. Silicon Loss, % .......-:.ese 46.7 Aver. Carbon pick-up, % .....++++. 3.74 
ee ee ene 950 F COIN TRI. davies vocnsacssvseueenns 5.7:1 


*Note: Iron samples from 3-ton mixer every 30 minutes. 
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To prevent failures in these areas and to make it 
possible to further extend the dura:ion of the heats, 
two annular spray pipes, 34 in. in diameter, were 
fitted to the outside of the cupola shell. See Fig. 5. 
The upper spray pipe provides cooling between the 
tuyeres and the lower one provides a continuous cur- 
tain of water on the shell from the lower side of the 
tuyeres downward to a level just below the top of the 
sand bottom. These sprays were, found to be quite 
effective and made it possible to keep the cupola in 
continuous service for periods of 65 to 85 hr. 

During one 84-hr run the total “down-time” was 
about 9 hr occasioned by the necessity of replacing 
some of the brick in the cupola trough. Before th: 
next heat, a monolithic carbon lining backed with 
magnesite brick was rammed in the trough, thus 
making it possible to operate 121 hr including a total 
“down-time” of 10 hr. The plastic carbon material 
was used in the next heat to form the entire breast 
and trough lining, rammed as a single monolithic 
unit. With this arrangement the cupola was operated 
continuously for 135 hr, with a total of only 2 hr 
“down-time.” Preliminary tests indicate that the car- 
bon plastic can be used to advantage for lining the 
portion of the well extending from the top of the 
sand bottom upward for a distance of 12 to 16 in. In 
this manner it has been possible to keep the cupola 
in continuous service for periods of 168 hr. 


Banking the Cupola 


When necessary to suspend operations, it has been 
found possible to “bank” the cupola for extended 
periods of time. Immediately after the last metal 
charge is put into the cupola, sufficient coke is added 
so that the coke bed is about 30 in. high and thor- 
oughly ignited when all of the iron has been melted. 
Care must be taken to melt all of the flux remaining 
in the cupola and remove all of the slag formed. If 
this is not done there is danger of forming a bridge 
at the level of the water-cooled tuyeres which is one 
of the coldest zones in the cupola during shut-down 
periods. The last traces of molten slag and iron are 
removed by opening the slag spout drain. The tap 
hole is then botted up at once, just as is done at the 
start of the heat. Prior to resumption of operations, 
the coke bed is built up to a height of 56 in. above 
the tuyeres, and after it has become thoroughly ig- 
nited charging and melting start just as if it were 
the beginning of another heat. 

The consumption of refractory materials used in 
connection with a heat during which 1281 tons of 
iron were melted is as follows: 
or 4.7 Ib per ton 


1.7 lb per ton 
1.2 Ib per ton 


Dolomitic patching material, 6000 Ib 
Basic brick 1925 Ib plus 300 Ib mortar or ...... 
Carbon ramming mix, 1500 Ib, or 


All good practices followed in connection with the 
operation of acid cupolas must be adhered to when 
operating a basic cupola, and careful supervision is 
required at all times. The iron yard must be kept in 
first class.order from the standpoint of housekeeping, 
and only materials reasonably free from adhering 
sand should’ be charged. In wet weather it is quite 
easy to charge large quantities of SiO, into the cu- 
pola in the form of mud adhering to the metal. Other 


MELTING IRON IN A Basic-LINED WATER-COOLED Cupo1 4 


raw materials should be stored and handied so as 
not to become contaminated with foreign materi- 
als which frequently contain high percentages of 
silica. For example, forking coke from the ground 
or shoveling limestone from bins with “dirt” floors 
is very poor practice. In the basic cupola, silica 
is the least wanted material and at the same time on 
which is generally found in great abundance on thx 
iron yard. It can easily be charged in unknown quan 
tities and/or from unsuspected sources. Eventually ii 
finds its way into the slag and may completely upse: 
the balance of slag chemistry. 


Summary 


1. The basic-lined, water-cooled cupola with hot 
blast has been used successfully for producing low- 
sulphur, high-carbon irons from mixtures containing 
up to 100 per cent steel. These irons are well suited 
to the production of ductile iron, can be used as a 
substitute for purchased pig iron, and can be poured 
directly into castings where high carbon irons are 
known to be desirable. 

2. A tube-type water cooling system replaces most 
of the refractories in the melting zone, thus prevent- 
ing erosion and making it possible to operate continu- 
ously for long periods of time. Best results have been 
obtained with the tubes parallel with the cupola shell 
rather than arranged in the form of truncated cone 
with the small diameter at the bottom. The water- 
cooled copper tuyeres protruding into the cupola 
beyond the surface of the lining in the melting zone, 
have definitely contributed to the success of the op- 
eration. 

3. An externally-fired air heater having a capacity 
of 13,000 cfm at a maximum temperature of 1000 F 
is used to preheat the cupola blast. Hot blast mini- 
mizes silicon losses and increases carbon pick-up dur- 
ing melting. The “by-pass” feature built into the 
heater provides hot air at a predetermined tempera- 
ture from the very start of the heat. 

4. At first, considerable difficulty was experienced 
due to failure of the refractories in the tap hole 
used for front slagging. However, the use of a com- 
bination of magnesite and carbon brick made it pos- 
sible to operate continuously for periods of 24 hr. 


- 


5. By using the proper amounts of fluxing mater- 
ials 1n and on the coke bed it is possible to tap iron 
at the start of the heat with a maximum of 0.06 per 
cent sulphur. 

6. Reducing the air blast temperature is accom- 
panied by a trend toward lower silicons, total car- 
bons, and iron temperatures along with an increase 
in both the sulphur in the iron and the FeO in the 
slag. 

7. When melting charges of low carbon content, 
carburization of the iron may consume as much as 
80 lb of coke per ton. For this reason it has not been 
found possible, in long heats, to use lean coke ratios 
when a high carbon pick-up is desired. 

8. External water cooling of the shell between and 
below the tuyeres has made it possible to operate 
continuously for periods of 65 to 85 hr. Along with 
this cooling the use of a rammed monolithic carbon 
refractory for the breast and trough lining has ex- 
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tended the duration of the heats to 168 hr. 

9. By following a very simple procedure, the cu- 
pola has been held-over or “banked” for as long as 24 
hr and the operation resumed at the end of that 

eriod with no difficulties whatever. 

10. Careful supervision is required at all times 
and the importance of good housekeeping on the iron 
yard, in order to exclude as much “raw” SiO, from 
the cupola charges as possible, cannot be over 
emphasized. 
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DISCUSSION 


Chairman: J. D. SHELEY, The Black Clawson Co., Hamilton, 
Ohio. 

Co-Chairman: R. A. CLARK, Electro Metallurgical Div., Union 
Carbide & Carbon Co., Detroit. 

Recorder: W. T. Bourke, American Brake Shoe Co., Mahwah, 
N. J. 

A. L. De Sy (Written Discussion):* The author of this paper 
should be congratulated for his valuable contribution to the 
practical knowledge of basic and water-cooled cupola melting. 
A great deal of the interest of this paper results from detailed 
and accurate de:cription of the difficulties encountered in the 
early stage of development. 

In reading the paper and comparing the results obtained 
with this very big cupola to those obtained in our laboratory 
with a very small (10-in.) cupola similar to the unit in opera- 
tion at Battelle Memorial Institute, it is remarkable to note 
that the results are very similar. 

The reducing conditions thus appears to be nearly the same: 
compensation for the hot blast applied in the big cupola is ob- 
tained with a larger amount of carbide in the flux charge of 
the small cupola. 

One detail however does not appear very clear. In comparing 
the results given in Tables 4 and 7 it seems difficult to find the 
reason for the great difference in the average sulphur: 0.014 
(Table 4) and 0.032 (Table 7) specially as the average FeO slag 
content is respectively 0.75 and 0.45. 

The author’s comments to this remark would be highly appre- 
ciated. 

Mr. Levi (Reply to Mr. De Sy): Mr. De Sy’s question is a 
good one and one which I am not sure that I can answer satis- 
factorily. However, I would like to call attention to the fact 
that 50 lb of carbide were used in the cupola charge given in 
lable 4 while only 10 Ib of carbide were used in the charge 
reported in Table 7. The basicity of the slag and the tempera- 
ture of the iron at the cupola spout as reported in Table 4 are 
both higher than the corresponding values reported in Table 7. 
Furthermore, it is well known that slag fluidity increases with 
temperature and becomes more active at the higher tempera- 
tures. What has just been said may be a possible explanation 
for the difference in the sulphur content of the two irons in 
question, in spite of the relative percentages of FeO in the two 
slags involved. : 

S. F. CarTER (Written Discussion):* The author and his com- 
pany are to be congratulated on their courage to try such a 
combination of promising cupola developments; basic slag, water 


1 Professor, Laboratorium Voor Metallurgie, Gent, Belgium. 
2 Melting Supt., American Cast Iron Pipe Co., Birmingham, Ala. 
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cooling, continuous operation, and a highly preheated blast. 

This company has utilized the chemical potentialities of a 
basic slag for a number of applications; higher carbon gray iron, 
iron more suitable far nodular treatment, and profitable utiliza- 
tion of locally available steel and cast scrap. 

I would like to repeat the author’s warning that this cupola 
combines an unusual combination of conditions. The high tem- 
perature blast is very important and must be included in de- 
scriptions of this cupola. We have not operated at 850 or 950 F 
blast but found a 450 blast very powerful on basic operaticn. 
Temperature jumped from 2750 F to 2900 F, carbon jumped 
from 3.40 to 4.00 per cent, sulphur dropped from 0.060 to 0.030 
per cent. To bring the chemistry in line for gray iron it was 
necessary to raise the steel and cut the coke and flux substan- 
tially. We too have found that preheated blast reduces oxida- 
tion, which enables a basic cupola to be more basic and chemi- 
cally more powerful in every respect. Experiences at this high 
blast temperature cannot be translated to cold blast operation 
without liberal allowances for the effect of blast temperature. 

I have four brief questions. The bee-hive coke is unusual 
in many respects. Has the author tried a more conventional by- 
product coke in the basic cupola? If so, what about comparative 
chemistry? How does the bee-hive coke compare in an acid 
cupola? 

The steel scrap used in this cupola has been observed to be 
generally very light. Has any significant variation in chemistry 
been associated with physical variations in steel scrap, or does 
the hot blast compensate for the usual effects? 

Has the author had a chance to vary the projection of the 
tuyeres, as planned, to determine any effect on chemistry and 
performance? 

The first heat, No. 3251 in Table 2, seems rather ineffective, 
from the basic standpoint, and not entirely accounted for by the 
coke ratio. With only 25 per cent steel and 15 per cent flux we 
would expect carbons higher than 2.98 per cent and sulphurs 
lower than 0.104 per cent with cold blast. The original design 
does not show such a drastic trend on the next heat (in Table 
3), and similar reductions in coke in Tables 10 and 11 did not 
produce such a drastic effect. I wonder if this heat might not 
have experienced some irregularity not noted. The high slag 
FeO, the abrupt variations in slag FeO, and the ups and downs 
in metal chemistry seem to suggest some irregular conditions 
within the cupola that might have produced excessive oxidation. 

MR. Levi (Reply to Mr. Carter): The average chemical analysis 
of the coke referred to by Mr. Carter is given in Table 5. At 
the time the paper was presented we had no data using by- 
product coke with the revised cupola design. However, on July 
14, 1952 the cupola was used to melt 100 per cent steel with by- 
product coke and the results obtained compare favorably with 
those obtained using bee-hive. The charge used consisted of 
1500 Ib steel scrap, 100 Ib limestone, 30 lb carbide, 30 Ib spar, 
and 260 Ib of by-product coke. 

When using less basic slags than those employed in melting 
100 per cent steel charges it has been found necessary to add 
some carbide and spar to the charges when using by-product 
coke in order to obtain results comparable to those obtained 
when using bee-hive coke. Materials used in two typical charges 
are tabulated below: 


Heat No. 61752 72952 
Cast Sera ..0.cccceverccececvesc SS ee 2200 Ib 
eT reer eT tT SPs tcowneweun (eben 300 
J ee i aie deeniaadiadide 40 
EES SE SEE eae 65 
SE TES ee ee 65 
(IEICE ET ee Te ee 15 
RE iki ka cin twtieet< xe opaema’ PROTO nc 0.s.0 ce spw cen ceed 10 
BO Ee Re eee ar None 
BY-PRODUCT COKE .......... TE 6 onda estes 350 


Chemical composition of the metal produced using the above 
mixtures was within the following ranges: 


Type Coke % Si % S$ % T.C. 
BEE-HIVE | 135/141  .066/.095 3.54/3.65 
BY-PRODUCT 1.43/1.57 .082/.093  — 3.57/3.65 


Our experience with Bee-Hive coke in acid practice indicates 
that it produces irons with higher total carbon than when using 
by-product coke in the same proportions. 
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Fig. 1x—Effects of Lining Thickness upon the Operation 
of a 10-in. cupola. 


As indicated by Mr. Carter most of the steel scrap melted in 
our basic cupola has been of very thin section. On one occasion 
when melting 100 per cent steel we used a combination of rail- 
road spikes and structural shapes. With the heavier steel scrap 
no significant variation in chemistry was noted, though, there 
may be a difference in the percentages of tramp elements 
present. 

To date, we have not had an opportunity to vary the projec- 
tion of the water-cooled tuyeres. However, there are indications 
that the projection can be reduced and we feel further that the 
tuyere size can also be reduced. We are planning to make 
changes just mentioned but cannot of course report on the effects 
at this time. 

Mr. Carter has asked if there might not have been some ir- 
regularities in connection with the results reported in Table 2, 
Heat No. 3251. Results obtained in connection with this heat 
are typical of what was experienced in connection with many 
others run under the same conditions, namely, the original 
cupola design and an insufficiently strongly reducing condition. 
We too, feel with as much as 2.63 per cent carbon in the charge 
that the iron at the cupola spout should contain more than 2.98 
per cent T.C. even with acid practice and cold blast. This is 
mentioned by implication in the last line of the first paragraph 
on page 743 which states, “Based on these findings—in the basic 
cupola.” 

While it may not be Mr. Carter’s intention to do so, I do not 
feel that results in Table 2 can be compared with those in Table 
3. My reason for this is because of the difference in coke ratios, 
temperature of the iron at the cupola spout, and the use of 
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carbide in one instance and not in the other. I feel that the 
less drastic results reported in Tables 10 and 11 are attributable 
almost entirely to the benefits of the revised cupola design. 

D. E. Krause (Written Discussion):* Although a considerable 
amount of information has been published on basic-lined cupola 
operation, the authors seldom mentioned some of the unsatis- 
factory results obtained during the early experiences with such 
an operation. The author of the present paper is to be compli- 
mented on bringing attention to some of the difficulties encoun- 
tered in getting a cupola of new design into successful opera- 
tion and how they were overcome. 

One factor which has been properly emphasized is the neces- 
sity of obtaining a low FeO in the slag and high tapping tem- 
peratures if low sulphur contents and high carbon contents are 
desired. One of the disappointing features of the operation is 
the need for a rather rich coke ratio in spite of a blast tempera- 
ture of 950 F. The extensive use of water cooling in the com- 
bustion zone is undoubtedly responsible for part of the need 
for extra coke. The installation of water-cooled tuyeres which 
protrude beyond the wall in the combustion zone seems to be a 
step in the right direction. It has been observed in a number of 
internally water-cooled cupolas that a secondary combustion 
zone is often established above the water coolers. Any condi- 
tion which would make it difficult for air to pass through the 
combustion zone along the water-cooled surface should minimize 
this difficulty. The protruding tuyeres as installed in the revised 
design should therefore be helpful from this standpoint as 
pointed out by the author. 

The advantage in operating a cupola for a period of five days 
without dropping the bottom from the standpoint of refractory 
costs is worthy of consideration of any foundry which operates 
cupolas 16 hours daily. 

It is felt that a word of caution should be added to the state- 
ment that the low-sulphur, high-carbon iron produced may be 
used as a substitute for pig iron. This might only be true if 
great care is exercised in selection of the scrap steel used in the 
charge. If the scrap steel carries any tramp elements, they will 
most likely be present in the iron tapped from the cupola in 
spite of the carbon being high and sulphur being low. The 
iron produced from a high steel mix in the manner described 
may have a higher nitrogen content than pig iron obtained from 
a blast furnace. 


3 Executive Director, Gray Iron Research Institute, Inc., Columbus, Ohio. 
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Fig. 2x—Effects of Blast Temperature on Carbon Pickup 
by Metal for Three Test Cokes in 10-in. Cupola at Coke 
Ratio of 7.5/1 and Dry Blast Rate of 12.5 Ib/min. 
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In connection with an investigation of cupola slags carried 
out by the Gray Iron Research Institute, Inc. in a 10-in. cupola, 
some work was done with a water-cooled lining. The detri- 
mental influence of water cooling on the temperature of the 
operation is shown in Fig. Ix. 

The points at the right hand side of Fig. lx are for a con- 
ventional! lining without the water cooling. Water coolers were 
installed with a 114-in. fireclay brick against the face of the 
cooler. The effect of gradually melting away the brick is indi- 
cated by the points on the left side of the chart. Although in- 
creasing the blast temperature :ncreases the tapping temperature, 
it does not eliminate the effect of water cooling. It must be 
borne in mind that the effect of water cooling the combustion 
zone has a much more pronounced effect in a 10-in. cupola 
than in a 72-in. cupola. 

It might be of interest to show the influence of blast tempera- 
ture on carbon pickup and silicon losses obtained with a 10-in. 
cupola since this effect in the 72-in. cupola was briefly referred 
to in Table 9. Figure 2x shows the effect of blast temperature 
on carbon pickup in a 10-in. acid-lined cupola for two grades 
of coke. A similar effect would be obtained for a basic-lined 
cupola although the curves would be higher on the chart be- 
cause of the inherently higher carbon pickups obtained with 
basic slags. 

The influence of blast temperature on silicon loss in an acid- 
lined 10-in. cupola is shown in Fig. 3x. Data for Fig. 3x were 
obtained from the same heats as the data for Fig. 2x. Attention 
is called to a silicon pickup with the higher blast temperatures. 
Che silicon pickup is also associated with the higher tapping 
temperatures, low silicoa losses, and under proper conditions, 
high carbon pickup. 
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Fig. 3x—-Effects of Blast Temperature and Blast Moisture 
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Fig. 4x—Effects of Slag Basicity and Tapping Tempera- 

ture on Composition of Iron for Cupola Charges containing 

35 per cent Steel (Excludes Carbon Linings and Calcium 
Carbide ). 


Although the data in Fig. 3x are for an acid-lined cupola, 
increasing the basicity of the slags will shift the curves upwards 
to higher silicon losses. This effect of a change in slag basicity 
is shown in Fig. 4x. Figure 4x also shows the influence of slag 
basicity on the sulphur, carbon, phosphorus, and manganese 
contents of the iron at two tapping temperatures. The curves 
were drawn from data computed from a considerable number of 
10-in. cupola heats with constant charge composition. The 
marked effect of operating temperature on some of the factors 
is evident from inspection of Fig. 4x. 

Mr. Levi (Reply to Mr. Krause): While Mr. Krause does not 
ask any direct questions in his discussion, his comments are 
generally in line with our thoughts on the items he has men- 
tioned. His warning that low-sulphur, high carbon irons pro- 
duced in the basic cupola and later used as a substitute for pig 
iron, may contain tramp elements is a situation of which we 
are well aware. However, at the present writing we have had 
very satisfactory results in one of our foundries where 100 per 
cent of the pig iron in the charge has been replaced by the low- 
sulphur, high-carbon iron from the basic cupola. The cupola 
charge in question contains 20 per cent pig iron and 30 per cent 
steel scrap. It is my opinion that the data which Mr. Krause 
has presented in the form of charts and graphs are a valuable 
contribution to the literature on cupola operations—both acid 
and basic. 








PRICING CASTINGS USING STANDARD COSTS 


By 


Jeff A. Westover* 


The discussion which follows deals specifically with 
a method which can be turned over to the head of 
the Standards Dept. or anyone faced with the prob- 
lem of pricing castings, to follow as a pattern for 
doing the costing work in a plant. We are attempt- 
ing to give a comprehensive picture of a method that 
can be used which will take a job from one extreme 
to the other to provide a cost that is accurate, as it 
takes into consideration all of the different factors. 


Pricing Castings. One of the major problems of 
many foundry managements is determining how 
much to charge for a casting. Pricing of castings is 
too often based on past experience, on what compe- 
tition quoted, on an outright guess, or on some figure 
which suited management for some reason known 
only to management. 

Quoting too high a price may lose business; quot- 
ing too low a price, operations may show a loss; both 
are equally bad and reflect not only on the company 
making the castings, but the castings industry as a 
whole. A system that will consistently price a variety 
of castings in relative position one with anotlier, is 
not only desirable, but will prove to be a good pric- 
ing system, mutually beneficial to invested capital in 
the business, the company’s employees, and the cus- 
tomers served. 

In presenting this discussion of pricing castings 
and the use of various forms in establishing indivi- 
dual casting costs, we refer to the procedure as Stand- 


ard Costing. 


What Are Standard Costs? Stated simply, Standard 
Costs are pre-determined costs which are established 
for materials, labor and expenses; their objective 
being economical production at a profit. 

The use of a Standard Cost plan is not one that 
is beyond the reach of the average and very small 
company. It does not mean that a company must 
operate with an incentive or measured work plan, 
even though this is highly desirable as a means of 
more accurate control of costs. The costing of jobs 
will follow the same procedure, regardless of the 
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plan being followed, in compensating workers foi 
their production, be it day or hourly work; piece 
work or incentive work. The latter two plans of pay 
ment for production do, of course, afford a control 
of the labor cost, whereas day or hourly work may 
vary considerably, dependent on the accuracy of th« 
estimate of time required to do the job and the pei 
formance of the operator assigned to the job. 

Helpful, but not entirely essential to this plan of 
costing, is the necessity for the company to maintain 
an accounting system that will allot and record vari- 
ous items of cost. 

In a manufacturing business as complex as a found- 
ry, involving as many operations and functions as it 
does, it is necessary that a division be made of the 
foundry into Departments and Cost Centers. Usually 
the two words, Department and Cost Center, are used 
interchangeably and considered to mean the same. It 
should, however, be helpful in our discussion to clar- 
ify our use of the two terms. 

A Department means a major division of the pro- 
cess of production, that is, Molding, Coremaking, 
Cleaning, etc. 

A Cost Center is a distinct spot within’ the depart- 
ment against which costs are accumulated. That is, 
in the Molding Department we have as Cost Centers, 
Floor Molding, Squeezer Molding, etc. In the Core 
Department we have Bench Coremaking, Core Blow- 
ing, Sand Mixing, etc. 

It is not our purpose to go into details of account- 
ing for Standard Costs, as this subject was well cov- 
ered by Fred Ruffolo in A.F.S. TRANsactions, vol. 57, 
pp. 415-432 (1949) in a paper entitled “Approach to 
Standard Costs in the Foundry.” 

Since we look to accounting for certain informa- 
tion only, we are, in effect, separating the process of 
job estimating and costing from accounting. In order 
that the costing and pricing department or individual 
can be consistent in the practice of estimating or 
pricing a casting, it will be necessary to use set forms. 
Set forms act as a check list of elements of cost and 
when completely filled out leave little chance of 
error. Information entered on these forms may come 
from several sources, dependent on the methods of 
operations and availability of information, i.e., time 
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keeping, supervisor estimating, Standards Dept. from 
Direct Time Study or from Standard Data. 

The proof of the accuracy-of the estimating and 
costing work will be reflected in the Profit and Loss 
statement prepared by the accounting department. 


Essentials of Suitable Pricing Methods 


The essentials of a suitable pricing method consist 
of (1), a definite form which acts as a check list and 
upon which is recorded each and every operation 
going into the making of a casting; (2), provisions 
for easy revision of conversion figures to reflect 
changes in cost of labor, materials, etc., for each cost 
center; (3), maintaining a consistent relationship be- 
tween selling price and actual cost, which in turn 
makes possible reasonable comparison of the cost of 
one casting to that of another. 

In costing castings it is not necessary that a shop 
have Time Standards set from Standard Data or Di- 
rect Time Study for any or all of their operations. 
However, Time Standards set for incentive purposes 
or measured work plans, will produce greater accur- 
acy and a more consistent selling price than if ex- 
perience estimates for determining the time that will 
probably be taken or allowed for doing each of the 
different operations in producing a casting are used. 
Therefore, the method to be described is of as much 
use to a shop which operates entirely on a Day Work 
pay basis as one which covers operations with Time 
Measured Standards. It has proved to be practical 
in the very small foundry of only two molders, as 
well as in the large shop. 

The number of employees in the shop, the varia- 
tion in the type of work, equipment, and the meth- 
ods used, are all taken into consideration and the 
variations caused by each of them is reflected in 
the ultimate selling price answer that is arrived at 
in pricing the job. 

There are four principal forms to be used in mak- 
ing the Cost Analysis— 

i. The Estimate—Cost and Pricing Form 
2. The Cost Center—Conversion Figure Analysis 


Form 

3. The Schedule of Depreciation to Cost Center 
Form 

4. The Description—Overhead Items of Cost 
Form 


Additional forms would be used to establish the 
time required for doing a job, providing the com 
pany was using elemental time standards for mea- 
sured day work or for incentive pay purposes. These 
forms would be the job analysis breakdown or speci- 
fication for each operation and time values entered 
thereon would come from Standard Data. 

When this latter form is not used, then the time 
for doing any part of the job must be arrived at 
through direct time study, estimate or by use of job 
time clocks. Just as Standard Data can serve to 
establish time for doing a job, so, too, can tables of 
values for materials be very helpful in working up 
cost figures. 

The extent of breakdown of costs depends greatly 
on the desires of Management for detail. However, 
in the end you come up with one figure—the selling 
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price of the casting. 

To illustrate the various points covered above, let 
us take a comparatively simple casting which is being 
made in a small non-ferrous foundry and run through 
an example of the procedure which is used in pric- 
ing it. This casting is made of No. 356 heat treated 
aluminum. Figure 3 is a photograph which shows the 
casting, a core, and the equipment from which they 
were made. 

Since the all important thing in connection with 
this casting is how much we should charge for it, let 
us first look at Fig. 1—the Estimate Cost and Pricing 
Forms. This form acts as a check list upon which is 
recorded each and every operation going into the 
making of a casting. 

Figure 2 is the Estimate Cost and Pricing Form 
filled in with the example job we are discussing, a 
small aluminum casting made in a squeezer mold, 
six castings per mold and a core for each casting, 
with a minimum of work in the Cleaning Dept. This 
casting is heat treated and made to a chemical and 
physical specification requiring a certified analysis. 

To fill in the Estimate Form, Fig. 1 or 2, we should 
begin with the identification of the job being fig- 
ured, by filling in the “Pattern No.” and “Customer” 
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spaces. Now, beginning with the top of the card and 
working down, the first item is “Part Name.” It is 
suggested that the pattern number be recorded here 
again and also a word descriptive of the casting. 
“Date-By” provides space for recording the initials 
of the person figuring the job cost and the date on 
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which it is done. This information of “Date” and 
“by” will become of real importance as a job is re. 
figured and checked from time -to time. 

“Estimate Actual ”"—one or the other of 
these two should always be checked, so that whe»- 
ever a question arises as to the basis on which a price 
was established, it is possible to ascertain the answer 
definitely and quickly. “Estimate’’ would be checked 
when working from the blueprint or a pattern that 
has not been run, so that heading and gating is stil] 
subject to experiment, etc. “Actual’’ would be 
checked only after experience has been gained by 
actually running the job and the work involved is 
definitely known. 

Now—to continue with the important thing we ar« 
after—the price of the casting. The first item of cost 
to be determined is the metal and melting cost of 
the casting. To find this it is necessary to know four 
things— (1), the net casting weight; (2), the kind of 
metal to be used in making the casting; (3), the in- 
got or material price of the metal and (4), the per- 
centage of yield from gross weight of metal poured 
per mold to the net casting weight. 

As advised, the casting being used as the example 
is made of No. 356 aluminum alloy and each cast- 
ing weighs 0.45 lb net. The ingot price from the 
smelter is $0.3725 per lb and the yield, which is the 
net casting weight per mold, divided by the gross 
metal weight per mold, is 50 per cent. Referring to 
our metal cost table, Table 1, we find that on the 
basis of a 50 per cent yield and at a market price of 
$0.3725 per lb, we have a conversion cost of $0.4512 
per lb of net casting. Therefore, for the 0.45 lb of 
metal per casting, at $0.4512 per Ib, the cost per 
casting is $0.203 for metal, which is entered in the 
first space of the “Casting Cost” column. 








TABLE 1—MetAt Cost TABLE 





Perlb = Yield 
Process of Net Market Price of Ingot Metal 
Cost Castings 3700 3725 -3750 3775 3800 





.0220 85 4331 4359 4387 4415 4443 
.0234 80 4345 4373 4401 4429 4457 
.0249 75 4360 4388 4416 4444 4472 
0267 70 4378 4406 4434 4462 4490 
0288 65 4399 4427 4455 4483 A511 
.0312 60 4423 4451 4479 4507 4535 
.0340 55 4451 4479 4507 4535 4563 
0374 50 4484 4512 4540 4568 4596 
0415 45 4526 4554 4582 4610 4638 
.0468 40 4579 4607 4635 4663 4691 
0524 35 4635 4663 4691 4719 A747 
0623 30 4734 4762 4790 4818 4846 





The next consideration is the Casting Cost for 
Coremaking. A specification is set up for the core: 
then by utilizing Standard Data, the Standard ex- 
pressed in Measured Minutes is determined, which is 
the time required and allowed for the making of the 
core. This time is entered in the “Measure per Cast- 
ing” column and is in minutes and hundredths of 
minutes, being in this particular case, 0.99 of a min- 
ute. 

It should possibly be noted here that this “Measure 
per Casting” and the following operations are al- 
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most entirely expressed in Measured Minutes. For 
those who have them available, Standards from Stand- 
ard Data expressed in Measured Minutes would be 
the figure utilized here. However, for those without 
such a measure, it is possible for Supervision or Man- 
agement to make their considered estimate of the 
time it will take to do the operation. 

Because it is possible to use either a Standard or 
a figure of time based upon someone’s experience, 
this method is, as previously stated, usable by the 
shop which has and the shop which does not have 
Standards or time study as one of its Management 
tools. The degree of accuracy and consistency of the 
estimates is varied by which method is used for deter- 
mining the time for doing each operation, 

To determine the Coremaking cost per casting, 
multiply the minutes of coremaking time by the 
conversion figure for this operation. The result is 
the Coremaking cost per casting. 

The next consideration is the core materials used, 
and since the core weight is 4 lb per casting, and the 
conversion cost per pound of material is $0.0080, we 
have a cost per casting of $0.002. This particular 
core requires no core finishing such as paste, filing, 
filling or assembling two or more cores together. Ac- 
cordingly, there is no cost per casting for Core Fin- 
ishing. 
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The next operation is Molding. Figure 4 shows 
the form of a specification card for Squeezer Molding, 
filled in with the, Standard Data allowances required 
by the example job, which has a Standard of 4.20 
Measured Minutes per mold. However, because there 
are six castings per mold, The Standard per casting 
is 0.70 Measured Minutes. Seventy hundredths Mea- 
sured Minutes per casting times the conversion fig- 
ure of $0.0657, equals $0.046 cost per casting. 

In this particular setup which was used for illustra- 
tion, it was found more practical to include molding 
material costs—the pouring, shakeout and sand con- 
ditioning—as indirect costs of the molding and melt- 
ing. Therefore, they are included in the conversion 
factor of $0.0657 for molding and metal cost conver- 
sion factor, and are not considered as separate figures 
at this time. At a future time it is planned to in- 
crease the accuracy of this estimating setup by chang- 
ing these figures from molding and melting indirects 
to their own respective directs, which will then re- 
quire that a measure per casting for each direct 
operation cost center must also be determined. 

In the Cleaning Department the first operation is 
the removal of the casting from the gating system by 
the use of the band saw. This work carries a Stand- 
ard per casting of 0.07 Measured Minutes. Multiply- 
ing this by the Conversion figure of $0.0753 gives a 
cost per casting of $0.005. 

On Stand Grinding the Standard is 0.57 Measured 
Minutes times the Conversion Factor of $0.0599, giv- 
ing a cost per casting of $0.034. 

Chip and Hand Grind has a Standard of 0.36 Mea- 
sured Minutes times the Conversion Factor ol 
$0.0641, giving a net cost per casting of $0.023. 

Sand Blasting has a Standard of 0.50 Measured 
Minutes, times the Conversion Factor of $0.0686, or 
a cost of $0.034 per casting. 

Heat Treating, the next operation figures in the 
estimate, is done by an outside firm who charge $.15 
per lb. Accordingly, the $.15 per lb figure was placed 
in the Conversion Cost column and the “Measure 
per Casting” column shows the 0.45 lb weight per 
casting, giving a cost per casting of $0.068. 

The cost for the certified, physical and chemical 
analysis is the next item. The conversion cost for 
this was determined to be $.40 per lb. The measure 
per casting is again 0.45 lb, therefore $.180 per cast- 
ing is the cost. The cost of the certified analysis in- 
cludes not only the work which is done by the lab- 
oratory, but also the test bar molding costs, the metal 
used in making the test bars, and the complete hand- 
ling of them, so that as near as possible, the cost in- 
dicated here is the total cost incurred. Because of 
the requirement of test bars and the certification of 
physical and chemical properties of the heat, this fig- 
ure will, of course, bring out very forcibly the ad- 
vantage of having the greatest possible weight per 
heat, so that this cost can be spread over the great- 
est amount of casting weight possible. 

This brings us to the “Sub-Total per Casting” or 
$0.753, the total of the individual casting cost items. 
To this Sub-Total per Casting” it is necessary to add 
a consideration for the job risk involved in making 
the casting. In this instance the foundry process risk 
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is low, so that 10 per cent is added for casting scrap 
loss, due to the design of the job and the problems 
involved in producing it in the foundry. However, 
because this job required certified chemical and phys- 
ical tests, an additional 25 per cent was added to the 
job risk to cover the risk in not conforming to re- 
quirements. 

Administrative, Selling and Profit percentage is the 
next item and it has been determined 140 per cent 
is required. The total percentages—covering Job 
Risk, Administrative, Selling and Profit—amount to 
175 per cent. Multiplying 175 per cent by the Sub- 
Total per Casting figure of $0.753 equals $1.318, 
which is the selling price, exclusive of one item. That 
item is the adjustment for setup and teardown of the 
equipment for making the job. 

Setup is considered separately and last, so that the 
quantity which is ordered at any one time can be 
taken into consideration. Today we might have an 
order for 100 pieces—tomorrow it might be an order 
for 1000. To take care of getting the corebox and 
pattern equipment out of storage, cleaned and rigged 
for production, a setup charge is necessary. This 
should be worked on a definite schedule of prices, 
divided by the particular quantity which is required 
at any one time. The setup cost, added to the pre- 
vious cost per casting, gives the total net price per 
casting for the specific quantity desired. 

In following the pricing method to this point, it 
is noted that we have a definite form which provides 
a check list of each of the operations the casting 
must go through to reach the shipping room door. 
Figures of Measure have been used which can be 
determined either from Standards set from Standard 
Data, as illustrated, or we could just as well have 
used the estimated time determined from someone’s 
experience of the time it would actually take to do 
the different operations in a particular shop. 

As we have figured out the selling price of the cast- 
ing used as an example, we have at each operation 
made use of a figure on the Estimate Form, Fig. 1, 
to be multiplied by the measure per casting for de- 
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termining the $ Casting Cost, which is the “Conver- 
sion Figure.” 

The Conversion Figure is the amount of dollars 
and cents it is necessary to charge for each unit of 
the measure used in measuring the cost at the Cost 
Center, whether this be minutes of time, or pounds, 
or whatever medium may be used. 

Let us now follow the making up of the Conver- 
sion Figure. Figure 5 is the “Conversion Figure 
Build-up Sheet.” The purpose of this sheet is a check 
list to be used in determining the conversion cost per 
minute for the specific Cost Center by filling in one 
of these sheets for each operation Cost Center. The 
first consideration, of course, is the department per- 
sonnel and as an example, we have as direct person- 
nel, four molders at a base rate of $1.70 per hour. 
The indirect labor personnel consists of two men at 
$1.20 per hour. In this particular shop there are no 
costs covering Supervision, for this department, as 
the operations are so set up that the General Super- 
intendent is the Supervisor for the Cost Center and 
his salary is included in the general shop overhead. 
Therefore, his salary will be included as a share of 
the overhead cost. 

The second essential of an estimating system is ease 
of revising conversion figures to reflect changes in 
cost of labor, materials, etc., for each Cost Center. 
In addition, it must be easy to build up the original 
conversion figure for a Cost Center. 

Proceeding into the details of this method we will 
go through the process of determing one of the cost 
conversion figures for the Molding Department, as 
an example, which we have found is $0.0657 per 
minute of direct labor time. 


Conversion Figure Build-up Sheet 


Working down the Conversion Figure Build-up 
Sheet, on the left hand side under the heading “Cost 
Items,” the first item is “Direct Labor Cost.” On the 
right hand side is a column with the heading “Cost 
per Minute.” For purposes of illustration we will 
use an uncorrected, or 100 per cent direct minutes of 
production for each minute of direct measured work. 
However, under a setup for normal application, we 
would make a correction to take care of the molder 
being unable to work the full hour on what would 
be classified as direct productive work. This extra 
cost per direct measured minute also takes care of 
miscellaneous delays which would be encountered 
under normal conditions. It would be the actual 
average cost against the direct labor measure and if 
the foundry operates on a day-work basis and is in 
the habit of estimating the time, they also can use 
the 100 per cent of work for each minute estimated. 
To find the conversion figure, we would take the 
molder’s rate of $1.70 per hour and divide it by 60 
min per hour, which will give a cost per minute of 
$0.0283. 

Item “a” under Direct Labor Cost is the Insur- 
ance cost, which must be paid by the Company 
against the Payroll dollar. This has been determined 
from the insurance policies as being 214 per cent of 
the direct labor cost. Accordingly, $0.0283 times 0.025 
equals $0.0007 per direct minute. 
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Item “b” under Direct Labor Cost covers Taxes 
against every payroli dollar which will be paid out, 
such as Social Security, Unemployment Insurance, 
etc. As an example, we will use the figure 4 per 
cent, multiplied by the Direct Labor Cost, which 
equals $0.0011. 

Cost Item No. 2, Indirect Labor Cost. This is based on 
a figure of $1.20 per hour, divided by two, because 
for each Direct Labor Hour we have a half hour of 
Indirect Labor that must be provided for. There- 
fore, $0.60 per hour divided by 60 min per hour, 
gives an Indirect Labor Cost of $0.0100 per minute. 
Provision must also be made for insurance cost and 
tax cost against payroll for Indirect Labor. These 
are the “a” and “b” items under Indirect Labor Cost 
No. 2, ie., $0.0003 and $0.0004 respectively. 

Cost Item No. 3, “Supervision (share of).” As pre- 
viously mentioned, the Supervisor of this cost section 
is included in the general overhead figure and there- 
fore we will not show any cost per minute at this 
particular time. However, if the Cost Center had a 
supervisor working either full or part time, whose 
hours could be charged directly to this Cost Center, 
we would then determine a cost per direct minute 
for this. 

To determine a supervision cost per direct minute, 
our first step would be to establish the cost of super- 
vision for the Cost Center per hour, day, week or 
month. Then for the same period of time we would 
establish the supervision cost, for which we would 
work out the number of direct minutes of work 
which would be done in this Cost Center. A word 
of caution here should be noted and that is to be very 
conservative in the expected number of direct min- 
utes of work which will be accomplished in the 
period, allowing for absenteeism, breakdowns, etc., 
which can cut down the total amount of work done. 
The number of direct minutes worked out are then 
divided into the supervision cost and the resulting 
quotient is the Cost per Minute for supervision, 
which will be filled in on the Conversion Figure 
Build-up Sheet for the Cost Center. 

The same procedure is followed in breaking down 
other items of cost to a Cost per Minute basis. 

Cost Item No. 4, “Supplies and Expense.” It may be 
considered minor items but are necessary to keep the 
Cost Center in operation by building up a fund to 
pay for the items. For example, on the Estimating 
Card for the Molding Department, we have left out 
material cost. This is because the cost of adding new 
sand and the binding materials for it constitute a 
very minor figure from the percentage standpoint to 
the total of the direct payroll dollar expended. 

However, if you remember in the case of the Core 
Department, we did have a separate cost figure for 
material. This was for the core sand used for each 
particular job, based upon the weight of the cores 
per casting. In the case of the Core Department, the 
separate material cost will include the cost of the 
sand, the cereal binders, the core oils and the cost of 
mixing a batch of sand, including, if you desire it 
to be broken up as such, even the labor expended for 
that, instead of including this in the indirect por- 
tion of your labor cost. 
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A general rule which can be followed in determin- 
ing whether an item should be kept as a separate 
item or not is what will happen to the general pic- 
ture when going to extremes, if the item is either cov- 
ered up as a per cent of cost of the conversion fig- 
ure or if it is kept as a separate figure. As soon as 
the figure becomes, in an extreme case, 5 per cent or 
more of the total casting cost, it should then be given 
serious consideration as being a separate cost figure, 
to be considered on each and’ every job, such as our 
core material cost is (Cost Item No. 4). This is be- 
cause of the fact that a large core, having only | hr 
of labor connected with it may be involved, but be- 
cause it is a block type may weigh and consume 1000 
lb of material. On the other hand, it may be a core 
which is extremely intricate and the box designed 
with numerous loose pieces to be tucked, drawn, 
etc., and because of the reinforcing, venting, etc., may 
weigh only 10 lb. Therefore, material should be giv- 
en only small consideration in the overall cost of 
the second core, while it is a major consideration in 
the first core. 

Another point to be used in determining whether 
an item is to be kept as a separate cost figure or in- 
cluded as a per cent of the Direct Labor Cost is the 
practicability of providing a reasonably accurate mea- 
sure of the item. That is why the core situation is 
different from the molding, in that it is usually rela- 
tively easy to determine the weight of the core sand 
used in producing a particular core, but molding 
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sand used is subject to a good deal of variation due 
to flask depths, etc., and it is not too easy to obtain 
an accurate measure of the amount used to make a 
particular casting. 

Cost Item No. 5, “Power” and the share of it which 
will be used by this particular Cost Center. One of 
the most expensive items in any shop is, of course, the 
air cost and this can be included in the item of 
power cost. Light and any other power that is used 
in this particular section must also be provided for. 
For purposes of illustration we will use one-half cent 
per minute of direct labor time as the cost of 
“Power.” 

Cost Item No. 6 is “Fuel,” used for a particular cost 
section. In the case of the Molding Cost Center we 
are using no fuel for baking or other purposes; there- 
fore, we will leave it out. 

Cost Item No. 7, “Maintenance-Labor and Material.” 
On Labor Maintenance we should, if possible, go 
back to determine what has been expended for the 
continued operation of this Cost Center. Materials 
are kept as a separate item but are on the same basis. 
In the case of this particular Cost Center, it was 
found that depreciation covered the Maintenance 
Labor and Material costs. 

Cost Item No. 8 is “Depreciation on Set-up and Equip- 
ment.” To determine what this figure should be we 
should refer to the next form, Fig. 6, for the form 
that could be followed in determining the deprecia- 
tion on the setup and equipment for any Cost Cen- 
ter. 

Using the “Depreciation Build-up Sheet” we will 
enter the Quantity, the Description of each item of 
equipment in the Cost Center; the New Value; the 
Per cent of Depreciation and the Yearly Deprecia- 
tion that should be provided for from a cost stand- 
point. 

It might be well at this point to enlarge upon 
what we would term the “New Value.” The New 
Value is given as a heading because of the opinion 
that for the purpose of determining the cost conver- 
sion figure, the amount that would be paid for re- 
placement of the item if purchased new would be 
the figure to use. We are not interested in what 
this piece of equipment may have actually cost at 
the time of purchase, because of a fortunate buy or 
the methods used in obtaining it, as would be con- 
sidered from an accounting standpoint. There is a 
difference in the point of view as to whether we are 
doing costing work or doing accounting work from 
the standpoint of taxes. 

From a costing point of view we are only inter- 
ested in providing for the building up of a fund to 
replace this piece of equipment at the time when it 
is worn out through use or as it becomes obsolete 
due to age. Applying the percent of depreciation 
which we believe it requires for replacement against 
the New Value of the equipment, we find the yearly 
depreciation in dollars which should be provided 
for, and this is totaled in the Yearly Depreciation 
column of all the equipment in this particular Cost 
Section. 

To determine the depreciation cost per direct min- 
ute, take the number of working days per year—250— 
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times the number of direct minutes of work per day 
that can be expected from each of the direct opera- 
tions—times the number of direct operators in this 
Cost Section. In the case under discussion it will 
give us 420,000 direct minutes per year. For purposes 
of illustration it has been assumed that this depart- 
ment Cost Center will work a full day with a full 
crew for each working day of the year. However, if 
you will refer to your own experience, it is very likely 
that you will find that a safe figure to be used for 
the total number of direct minutes of work per year 
would be more nearly 50 per cent of the figure we 
have determined. As an opinion on this, it is reason 
able to assume that 50 or 55 per cent of the theoreti: 
al direct labor minutes will be the actual production 
over a period of years. 

At the moment we are going through the prob- 
lem of not being able to provide enough production 
capacity on the whole to provide for the policing ac- 
tion going on in the world. However, we should go 
back into our records previous to World War II and 
take into consideration the good times, as well as 
the bad. Very likely you will find that your opinion 
will also be that 50 per cent of the Direct Labor 
minutes that can be figured theoretically, will be 
more nearly the actual Direct Labor minutes on a 
year-in and year-out basis. Therefore, this would be 
the figure that would be used and it will provide a 
higher depreciation cost per direct minute than the 
figure of 420,000 direct labor minutes per year as 
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shown in the example. Using the figures of the ex- 
ample, we have a depreciation cost of $0.00384 per 
Direct Minute. 

Referring back to the Conversion Figure Build-Up 
Sheet, Fig. 5, Item 8—“Depreciation on Set-up and 
Equipment,” this was transferred directly from the 
“Depreciation Cost per Direct Minute” form, Fig. 6. 

Cost Item No. 9, “Share of Overhead Costs.” This is 
built up by using a form similar to Fig. 7, “Overhead 
Cost Build-up” Sheet. Here again the item numbers 
are on the left hand side and the monthly cost on the 
right hand side, with the description of the overhead 
items of cost. 


Overhead Cost Build-up Sheet 


Item No. 1—“Rent”—(or like charge). This covers 
charges for the property that is occupied by all oper- 
ations. In the particular example under discussion, 
this item has been included in the general overhead 
items of cost. It may be argued that this is an item 
which should be divided up by the floor space occu- 
pied by each Cost Center and put into the conversion 
figure built up for each Cost Center. However, for 
a small company this could be debated without seri- 
ous consequences to the final figure—whether it was 
included as part of the overhead item of cost or put 
directly to the Cost Center. 

Item No. 2—“Telephone and Telegraph” cost per 
month. These two items of cost can usually be ascer- 
tained quickly and accurately from the accounting 
record of Operation’s Expense Statement for the dif- 
ferent months. If not, a quick check can be made of 
the bills themselves. This is an item of cost that 
bears close watching, as it can run away from what 
has been set up as a standard cost by an excess of 
long distance calls. 

Item No. 3—“Investment Return.” This covers the 
amount of return which should be expected on the 
overall investment of the plant, equipment, working 
capital, etc., which goes into making and operating 
the business. It is possible, on first thought, that this 
should be covered in a percentage figure that would 
be added to the final cost. However, when we stop 
to think about it, this is an item of cost which is a 
must to be recovered and so we should include. it as 
part of our overhead of operations. 

Item No, 4—“Insurance—not Against Payroll.” There 
are certain items of insurance that cannot be allo- 
cated against the Payroll Dollar and they must be cov- 
ered in our costs. This insurance coverage would be 
comparable to fire and theft insurance, bonding and 
all other types carried by the Management of a 
Company as protection against risks which are not 
figured by the insurance companies against the pay- 
roll dollars that are expended. This is an item which 
must be watched, so that as insurance rates change, 
the cost of this item can be adjusted in our overhead 
build-up. 

Item No. 5—“Taxes—Not Against Payroll.” Taxes, 
such as property taxes, licenses, etc., must be covered 
and in this particular build-up of costs, have been 
considered as being definitely overhead in nature. 
Taxes are an item that must be carefully watched 
these days as to their rates, so that an adequate sum 


763 


will be built up to cover them when due. 

Item No. 6—“Depreciation.” This is on general plant 
items not included in the Cost Center Depreciation 
Build-ups. To determine the amount of money that 
must be provided to cover the depreciation of all 
those items which have not been included in the 
other depreciations, we must follow the same proced- 
ure that we used for the individual Cost Center, mak- 
ing use of the form shown in Fig. 7 for the determina- 
tion of this overhead depreciation. 

Item No. 7—“Heating.” This is the yearly heating 
bill for the Company and here again the question 
may be raised as to whether this should be divided 
to the individual Cost Centers by space occupied or 
whether it can be left as an overhead item of cost as 
shown. Depending upon the size of the operation 
and the total amount expended for this item per year, 
would be the basis for a decision as to whether it 
should be reduced back to a figure charged against 
the individual Cost Center. However, in the case of 
a small plant such as the company from which this 
example set-up has been taken, it has been found 
that it is as practical to charge it against the general 
overhead as it is to break it down to the individual 
Cost Center. 

Item No. 8—“Expendable Tools and Equipment.” This 
covers those tools and equipment which are general 
in nature and not easily allocated to a particular 
Cost Center in any way. This is an item which, if 
your accounting record of operating expenses is so 
broken up as to set it up as an individual item of 
cost, then the average cost for it can be taken from 
the accounting record. 

Item No. 9—“Employees Insurance Paid for by Com- 
pany.” This may become an item for the individual 
Cost Center if it can be charged directly against the 
Center, either as a percentage of the payroll dollar 
or as a set amount of cost per minute, so that it can 
be put in the conversion figure build-up sheet, Fig. 5. 
Here again a decision must be reached based upon 
the total amount that this figure may run and if it is 
sizeable, it should definitely be worked into the Cost 
Center figure directly; whereas if it is a small com- 
pany and the amount is small, it can more conven- 
iently be built into the overhead figure and distri- 
buted in that manner, as was done in this example 
build-up. 

Items No. 10 and 11—“Vacation Pay and Paid Holi- 
days.” The distribution of cost for these two items de- 
pends upon how they are considered in the long run— 
whether they can be charged directly against the Cost 
Center as a percentage of the labor dollar or wheth- 
er they are to take that figure which must be charged 
as part of the general operations overhead. In the 
particular example under discussion they were not 
included. If Vacation and Paid Holidays are some- 
thing you cannot tie directly to the Payroll as a per- 
centage figure, then if you were paying them you 
would put them in as an overhead figure. 

Item No. 12—“Christmas Presents.” The company’s 
policy from the standpoint of sales and/or personnel 
will decide the inclusion of a figure of this type as 
part of the overhead cost of doing business. This 
particular company, as shown in the example, did 
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not consider this as an item which should be in- 
cluded at all in their cost of doing business, so that 
in Fig. 7 no amount was included in the overhead 
cost build-up. 

Item No. 13—“Miscellaneous Items.” This will take 
care of any other items of cost of an overhead nature 
which have not been specifically mentioned pre- 
viously. 

Item No. 14—“Plant Maintenance.” As reported ear- 
lier in this discussion we did not show a mainten- 
ance figure under Cost Item No. 7 on the Conversion 
Figure Build-up Sheet covering the Molding Depart- 
ment. However, we have included it in our over- 
head in this case. This Plant Maintenance figure is 
made up of two parts—(1) to cover the cost of part 
materials used in maintaining the plant and (2), to 
cover our labor cost for maintaining the plant. To 
the Direct Labor figure will, of course, be added the 
provision for our insurance cost and our tax cost 
against this payroll. 

Item No. 15—“Personnel.” This is the personnel who 
will carry the overhead classification, such as plant 
manager, clerical help, inspectors and shipping la- 
bor. Against each of these will be charged the insur- 
ance cost and the tax cost against the payroll, as was 
done in the build-up of each of the individual Cost 
Centers. 

Adding together the individual items of cost we 
have a total monthly overhead cost. To break this 
down to an overhead cost per Direct Minute it is 
necessary first to determine the make-up of the Direct 
crew setup for the entire plant. In this case there are 
four Molders, two Coremakers, one Direct Melting 
‘and three Direct Cleaning Department operators, or 
a total of ten operators; divided by twelve months 
and adjusted for the expected volume of work, which 
is 75 per cent of capacity, we get a total of 65,625 
direct minutes per month. This figure divided into 
our total monthly overhead cost gives an overhead 
cost per Direct Minute of $0.01600, which is the total 
that is entered in Cost Item No. 9 on each of the 
“Conversion Figure Build-up Sheets,” Fig. 5 for each 
Cost Center. The total of the cost per minute for 
each of the cost items on Fig. 5 gives a conversion 
cost per minute which must be charged to cover the 
cost of doing business in this particular Cost Center. 

In determining the conversion cost per minute for 
any other Cost Center, exactly the same procedure 
and considerations are gone into. 

In using this kind of a cost build-up, it is appar- 
ent that it is possible that any time any item of cost 
should change, to set it into the build-up sheet of 
the conversion figure and see what effect it will have 
upon the overall cost. This means that by using this 
method of pricing castings you can immediately take 
advantage of any major change of your items of cost 
and either increase or decrease the selling price per 
casting to reflect your own costs of doing business. 

It is advocated that a selling price per casting be 
determined in all cases and then only if a custome 
insists that this be turned into a price per pound. 
that a price per pound be furnished. It has been 
found in costing a great variety of different jobs that 
the fluctuation in price per pound of castings is al- 
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most unbelievable in its scope because of the diff: 
ence in the amount of labor that goes into castin.s 
of identical weight. This variation in price is due ‘o 
the amount of work required in some castings, suc!) 
as core work, special molding work, excessive clea: - 
ing time, etc., so that the cost of one job from the 
per-pound standpoint may be low, while in other 
jobs it may be extremely high. ' 

After using a method such as this, anyone will 
soon become thoroughly convinced of this as a polic\ 
to be followed, as have others who have and are ai. 
ready making use of such a method. It would seem 
that it is a good policy to make a profit and recove: 
your costs on each job and not hope that your work 
will be in such*proportions that even though some 
jobs must carry the cost of others, the proportions 
will be such that there will be a resulting profit, be- 
cause enough jobs with a fairly high selling price per 
piece will actually have a low cost and therefore pro. 
vide the cushion and profit for the job which has a 
high cost actually per piece, but is sold at a price per 
pound that is not adequate to take care of the costs 
incurred in producing it. 

Using this system we will consistently price a var- 
iety of castings in relative position, one with an- 
other, which will be mutually beneficial to invested 
capital in the business, the company’s employees and 
the customer served. 


DISCUSSION 


Chairman: R. L. Lee, Grede Foundries, Inc., Milwaukee. 

Co-Chairman: M. E. ANNicH, American Brake Shoe Co., Mah- 
wah, N. J. 

Recorder: M. E. ANNICH. 

P. L. ARNOLD (Written Discussion):* This paper is a very 
valuable addition to existing literature on the perplexing ques- 
tion which has always confronted the foundries. As a matter of 
fact, it is the most comprehensive and thorough treatment that 
this writer has had the pleasure of reading. 

All of the author’s work definitely gives the impression that he 
is relying on timestudies to establish all of his work factors. In 
one particular instance, it is even suspected that he resorted to 
micro-study in spite of the fact that at the outset he states that it 
is desirable, but not essential, that the cost standards be based 
on timestudy data. It is believed that he is doing an injustice 
to his work, because unless records are kept with painstaking 
accuracy over extended periods of time, the data are not apt to 
be reliable and it will take much longer and ccst more to obtain 
the cost data on basis of experience from records than it will to 
establish them in a reasonably short period of time by means of 
timestudy. Timestudy has the further advantage that it will 
indicate the exact performance level at which the various jobs 
are being performed from time to time and variation in perform- 
ance level is apt to give erratic results in an experience record. 

The author’s statement in the upper righthand column on 
page 757, “the proof of the accuracy of the estimating and cost 
work will be reflected in a Profit and Loss statement prepared 
by the Accounting Department” may be deliberate from his 
point of view. The control rests with the Accounting Depart- 
ment and is not an estimating and costing function, but it is 
suggested that if a foundry goes to the trouble of installing this 
or any similar system, that it should be utilized for control pur- 
poses also, so that the shop management will at all times have a 
ready reference to indicate whether the system is effective -and 
accurate and/or the performance of the shop personnel is up to 
a reasonable expectancy. The author’s approach to the problem 
by dividing the various operations into individual cost > centers 
and charging depreciation and maintenance cost to the indi- 
vidual centers and classifying overheads in the same manner, is 
excellent. In the past, many shops have made the mistake of 


1 Resident Mer., United States Pipe & Foundry Co., Chattanooga, Tenn. 
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iguring all of these items on an overall basis, which may be 
perfectly satisfactory as long as the entire shop is fairly uni- 
formly loaded or the castings being produced are fairly repre- 
sentative of average conditions, but highly unsatisfactory if only 
part of the shop is running or if for some particular reason 
difficult and intricate castings are preponderant. 

Referring to Fig. 2, it is assumed from the text that a “job 
:isk” covers scrap losses incidental to this particular type of cast- 
ing and not an average figure for the shop. Is it not possible 
that the administrative, selling and profit items would become 
more valuable if the profit was shown up separate, because the 
idministrative and selling expenses are very likely to remain 
reasonably constant; whereas, if the estimated profit was directly 
comparable to the actual profit. management would have a very 
effective tool with which to adjust the estimating procedure 
from time to time, rather than waiting for the Profit and Loss 
statement at the end of the year to show that they had priced 
themselves out of business. 

It is assumed that the process cost shown in the extreme left- 
hand volumn of Table | contains, in addition to the melting 
charges, all incidental handling and freight charges. 

It is recommended that all readers of this paper also acquaint 
themselves with the contents of “Approach to Standard Ccst in 
the Foundry” by Fred Ruffolo, referred to by the author earlier 
in his paper. After thoroughly digesting both of the papers, it 
would be realized that an excellent ccntrol on a day-to-day basis 
could be made available with very little extra effort. This writer 
believes that once it is fully realized what can be accomplished 
in the line of cost reduction through effective control and im- 
provement in methods by studying the variance between actual 
and standard cost resulting from improper utilization of labor, 
ineffective methods, etc., everycne will agree that the extra cost 
of competent timestudy men, either recruited from the outside 
or, still better, developed from experienced shop personnel, will 
be a good investment. 

Mr. WeEsTOvER (Reply to Mr. Arnold): The author greatly 
appreciates the comments of Mr. Arnold. In his comments, Mr. 
Arnold has porposed certain lines of thought that should have 
an answer. 

1. Mr. Arnold stated, “All of the author’s work definitely 
gives the impression that he is personally relying on timestudies 
to establish all of his work factors.” 

In answer to this statement, while the original conception of 
this costing fermula and method were developed from a time- 
study and standards background, it has been the experience 
since then in installing a number of these set-ups, that some of 
the most successful of them are in shops that are entirely on a 
day work basis of pay; also the installation time of the set-up 
was less than in those shops where it was necessary to correlate 
time study performance record, etc. 

2. Mr. Arnold also stated, “Referring to Fig. 2, it is assumed 
from the text that ‘job risk’ covers scrap losses incidental to this 
particular type of casting and not an average figure for the 
shop.” 

In reply to this I say that this is a risk factor that is for the 
individual job. See the last paragraph on page 759, “To this 
Sub-Total per Casting” it is necessary to add a consideration for 
the job risk involved in making the casting. 
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3. Mr. Arnold stated, “Is it not possible that the administra- 
tive, selling and profit items would become more valuable if the 
profit was shown up separately, because the administrative and 
selling expenses are* very likely to remain reasonably constant; 
whereas, if the estimated profit was directly comparable to the 
actual profit, management would have a very effective tool with 
which to adjust the estimating procedure from time to time, 
rather than waiting for the Profit and Loss statement at the end 
of the year to show that they had priced themselves out of 
business.” 

In answer to this I say that because the administrative and 
selling expenses do usually remain reasonably constant, they 
were included with the Profit figure to cut down clerical detail; 
however, the more breakdown and detail you have in cost fig- 
uies, the better you are able to analyze and know where correc- 
tions should be made. 

4. Mr. Arnold stated, “It is assumed that the process cost 
shown in the extreme lefthand column of Table 1 contains, in 
addition to the melting charges, all incidental handling and 
freight charges.” 

lo this I say that the assumption is correct. 

J. F. Kanzvaricu:* On a long run job where an hour’s core- 
making time is sufficient to keep a molder in cores for several 
days, how do you handle subsequent set-ups?” 

Mr. Westover: In costing the job, the extra coremaking set- 
ups should have been ascertained and included in the selling 
price. 

C. A. Ream:* Is it accepted practice to include a % on In- 
vestment in Cost Data? 

Mr. Westover: Yes, because in one way or another you do 
have to provide funds for investment return. 

Mr. REAM: Does actual practice procedure figure depreciation 
on replatement value rather than cost reflected on books? 

Mr. Westover: It should be figured on replacement value for 
costing purposes, particularly in a time of inflation, as at the 
present. From the standpoint of tax account, however, the Cost 
value must be used. 

M. M. Mrvicuin:* In revaluing assets to reflect current re- 
placement costs, is it necessary to obtain the approval of the 
Internal Revenue Dept.? 

Mr. WEstToveER: It is not necessary to obtain approval where 
the figures are to be used for costing purposes only. 

PAUL B. HaRNeER:* Please elaborate on A—The set-up charge, 
and B—The short order charge (if any). 

Mr. Westover: The set-up charge takes care of the. short 
order or the production order equally well. A foundry has cer- 
tain costs in getting a pattern and corebox out of the storage and 
ready to run. Then when they have been run there is the cost 
of cleaning them and putting them back into the storage. This 
cost should include the writing of the order as well as the equip- 
ment handling. Then whatever the set-up cost of running the 
job is, divided by the number of castings to be run, gives the 
company a cost which must be included in the price per casting, 
if the cost of doing this is to be recovered. 


2 Methods Engineer, Peoria Malleable Castings Co., Peoria, Ill. 
3 Treas., Riverside Foundry & Galv. Co., Kalamazoo, Michigan. 
4 Project Engineer, Pettibone-Mulliken Corp., Chicago, Illinois. 


5 Treas., Union Mfg. Co. Inc., Boyertown, Pa. 











HOW IRON AND STEEL MELT IN A CUPOLA 


H. W. Lownie, Jr.*, D. E. Krause,** and C. T. Greenidge} 


ABSTRACT 


While a small cupola was in normal operation with tapping 
temperatures of about 2880 F and the stack full of charges, the 
blast was shut off and the charges quenched in the stack with 
a full stream of water. The charges were then carefully dug 
out and examined visually, metallographically, and chemically 
to obtain information on the behavior of cast iron, pig iron, 
and steel while being melted in a cupola. Information was also 
obtained on the behavior of coke during its descent in the 
cupola stack. 

From examination of the quenched charges it was possible 
to construct a curve representing the distribution of tempera- 
ture in the cupola during the heat. The order of melting was 
found to be (1) pig iron, (2) cast iron, and (3) steel. All three 
of these metallic components of the charge tended to decar- 
burize and oxidize on the surface until they began to melt. 
High-carbon layers on pieces of steel were found to be rem- 
nants of molten cast iron or pig iron that had washed over 
the solid steel. Cast iron and pig iron melted “from the inside 
out” leaving a shell that was high in sulphur but low in carbon. 


Cupola operators often speculate about how iron 
and steel behave while they are being melted in a 
cupola. Some of the pertinent questions are: How 
much does steel carburize in a cupola before it begins 
to melt? How much higher does steel melt in a cupola 
than pig iron or cast iron? How fast does the metal 
charge pick up heat as it descends in the cupola stack? 
What is the actual bed height during operation? 

To gain some information on this subject a small 
cupola was placed into normal operation. After oper- 
ating conditions and tapping temperatures became 
steady, the blast was shut off while the stack was full 
of charges. The charges in the stack were immediately 
quenched with water. When cool, the charges were 
carefully dug out of the stack, starting from the charg- 
ing door, and the locations of the various components 
of each charge were carefully recayded. Samples of 
iron and steel from various parts of the stack were 
examined visually, metallographically, and chemically 
to learn as much as possible about their manner of 
melting. 

The method of quenching cupola charges in the 
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stack to obtain information on the melting of the iron 
and steel was not completely original. A similar in- 
vestigation was reported by Rambush and Taylor in 
1945.1 The new results give additional data which 
supplement those of Rambush and Taylor. 


Description of the Cupola and Cupola Operation 


The test was made in a 10-in. diameter cupola under 
closely controlled conditions. A photograph of the 
cupola and its control panel is shown in Fig. 1. Its 
construction and operation were described in detail 
in a paper by Krause and Lownie.? The cupola stack 
is about 10 ft high, and the shell is 18 in. in diameter. 
Proportions and tuyere ratios are quite similar to those 
of commercial cupolas. 

The original height of the coke bed was 42 in. above 
the lower tuyeres. Each charge consisted of 30 Ib of 
metal and 4 Ib of commercial oven foundry coke sized 





Fig. 1—Ten-inch cupola set up for operation. Control 

panel is shown in background. Water-cooling as shown in 

this photograph was not employed in the heat used to 
study the manner in which metals melt in a cupola. 
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to 214 x 15% in. Therefore, the operating metal /coke 
ratio was 7.5/1. The composition of the metal com- 
ponents of the charge was as follows: 


Composition, per cent 














The rapidity of the quench was revealed by later 
metallographic examinations which showed that much 
of the steel and cast iron in the lower sections of the 
cupola had a martensitic matrix. 


Weight, ___ Oe il 
Material Ib T.C. Si Mn P S Removing Charges from Cupola Stack 
Steel harrow teeth .... 10.5 058 0.09 0.92 0.07 0.06 Py a ee a ee — 
Malleable pig iron .... 9.6 3.76 2.76 0.73 0.19 0.04 arges in the stack were removed by digging them 
Cast iron ........... 99 3.19 3.30 098 0.18 0.04 out of the stack one at a time, starting at the charg- 


30.0 246 200 088 0.14 0.05 


The steel harrow teeth were about 14 in. square and 
31% in. long, and were rerolled from rail steel. The 
malleable pig iron was in thin pigs about 14 in. thick, 
and was broken to fist size. The cast iron had been 
previously melted in an electric induction furnace and 
cast into special shapes, such as crosses and “dough- 
nuts,” so that its composition was uniform and known, 
and so that the cast iron could be recognized by shape 


ing door. There were about 14 charges in the stack 
when the heat was stopped. The top three charges 
were easily separated, because the layers of coke and 
metal were fairly distinct. Below this, metal and coke 
were so thoroughly mixed that separate charges could 
not be distinguished. The charges were dug out in 
layers and were placed in separate containers and 
identified according to the distance of the layer above 
the lower tuyeres. 

Because of the small diameter of the cupola, and 


1- until it began to melt. ; - : J 
n Flux charges with each coke split consisted of 1.25 the difficulties involved in reaching as much as 10 ft 
h lb of limestone and 0.25 Ib of silica pebbles, and gave down the stack to remove material, it was not possible 
a typical acid cupola slag at the slag hole. The slag to segregate individual components of the layers ac- 
contained about 52 per cent silica, 25 per cent lime, cording to whether they were in the center or along 
and 8 per cent alumina. The cupola was lined with a the wall of the cupola. : 
r siliceous ramming mix. The quenching of the hot cupola with water had 
e The cupola blast rate was 12.5 Ib of air a min, a surprisingly little effect on the lining. The upper- 
: rate equivalent to about 6100 cfm in a 60-in. cupola. stack sections which were lined with silicon carbide 
1 The blast temperature was controlled to about 950 F backed up by an insulating ramming mix did not 
k and the moisture content of the blast was controlled crack. The rammed siliceous lining in the melting 
. to about 45 grains/Ib of dry air. zone, around the tuyeres, and in the well did not crack 
e The cupola was tapped intermittently by tapping or deteriorate. 
about 30 Ib of iron at intervals of about 214 min. Slag- Coke Condition in Frozen Charges 
3 ging was also intermittent and was from the rear slag 
f hole which was left open. Reduction of Size: The coke reclaimed from the 











The cupola operated smoothly and reached a tap- 
ping temperature of 2850 F on the fourth tap. On 
the twelfth tap the tapping temperature was 2900 F. 
On the twentieth tap the tapping temperature was 
about 2800 F, and the operation of the cupola indi- 
cated that a stable operating condition had been 
reached. The CO, content of the stack gas was about 
11 per cent, and was holding steady. The stack was 
full of charges and the melting rate was about 750 
lb/hr. The wind-box pressure was constant at 10 oz/ 
sq in. The composition of the iron at the spout was 
almost of eutectic composition, and had the following 
analysis for Tap 20: 


Composition, per cent 





TC. Si Mn P S 
3.60 2.19 0.70 0.14 0.09 


Immediately after Tap 20 was made, the blast was 
shut off and quenching of the charges was started. 


Quenching Charges in the Stack 


Immediately after the blast was turned off the 
tuyeres were opened and a full stream of water from a 
54-in. hose was squirted into the cupola through the 
charging door. Quenching was rapid. After a few 
minutes water started to drip through the bottom. 
Quenching was continued until the cupola and its 
contents were cold. Although large amounts of steam 
were evolved during quenching, the operation was 
quite uneventful. 





cupola showed there had been surprisingly little reduc- 
tion in size as it descended in the cupola to the melt- 
ing zone. 

The first coke that showed any reduction in average 
size was located about 30 in. above the lower tuyeres. 
Above 30 in. from the lower tuyeres, there was very 
little ash on the coke. The amount of ash on the coke 
increased, and the average size of the coke decreased 
slightly, as the lower tuyeres were approached. How- 
ever, even at the level of the lower tuyeres, some lumps 
of coke were almost as large as when charged. 

Coke in the Well: The coke in the well was larger 
than that immediately above it in the tuyere zone. 
This shows that there was little movement of coke 
from the tuyere zone into the well. 

Results of other work done in the 10-in. cupola on 
the behavior of coke in the well of the cupola are 
worth mentioning here. The well coke in one heat 
included 19 pieces of coke sawed into 2-in. cubes. 
These cubes weighed a total of 2294 grams when 
charged. The cupola was burned in by’the usual prac- 
tice, including a long lightup by means of a gas burner 
firing through the breast onto the coke in the well. A 
I-hr heat was made at an average tapping temperature 
of 2770 F. The charges contained 33 per cent steel 
and averaged 2.55 per cent total carbon and 2.10 per 
cent silicon. The iron tapped from the cupola aver- 
aged 3.45 per cent total carbon and 1.95 per cent 
silicon. 

When the bottom was dropped, 17 cubes, or pieces 
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of cubes, were recovered from the original 19 coke 
pieces. After drying, the recovered cubes weighed 1113 
grams, 49 per cent of their original weight. Four of 
the recovered cubes weighed over 80 grams, as com- 
pared to an original weight of about 121 grams per 
cube. Photographs of the cubes before and after this 
heat are shown in Fig. 2. 

It is surprising that so little of the cubes was lost 
during the heat. Some of the cubes were broken, and 
no pieces of coke were recovered from the drop unless 
they could be positively identified as part of one of 
the original cubes. Therefore, the total loss of well 
coke was less than half its original weight. 

Obviously, some of the well coke must have been 
consumed by combustion during the lightup, and 
some must have been lost by breakage. However, even 
if all of the coke that was not recovered from the drop 
had been absorbed by the iron in the well, it would 


aes 
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Fig. 2—Appearance and weight of coke cubes used in well 
of 10-in. cupola in 1947. Top—Coke cubes as placed in 
well before heat—2294 grams. Bottom—Coke cubes re- 
covered from drop after 1-hr heat at 2770 F tapping 
temperature—1113 grams. 
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have accounted for a pickup of only 0.40 per cent 
carbon. The actual pickup was 0.90 per cent carbon. 
Therefore, most of the carbon pickup occurred befo: 
the iron reached the well. 

The results with the coke cubes in the well led tw 
the same conclusions as those with the frozen charges 
The coke in the well was consumed very slowly. 


Metal Condition in Frozen Charges 


The melting range of each component of the meta 
charges was calculated from their known compositions 
By visual examination of the metal salvaged from th: 
frozen charges, it was possible to construct a curve 
representing the probable distribution of metal tem 
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Fig. 3—Probable distribution of temperature of metal 
charges in heat 137B in 10-in. cupola with 960 F blast. 


peratures in the cupola. This curve is shown in Fig. 
3. Gas temperatures and coke temperatures were un- 
doubtedly higher than the metal temperatures. 

Stack-gas temperatures at the charging door were 
600 to 700 F. The metal was charged at room temper- 
ature and began to heat immediately. No melting of 
anv component was found higher than 24 in. above 
the lower tuyeres. At this point, pig iron began to 
melt. The temperature of the metal, therefore, was 
close to 2050 F, the approximate solidus temperature 
for this pig iron. Once melting of the pig iron began, 
it progressed rapidiy. Almost all of the pig iron was 
apparently melted by the time it has descended 2 in. 
lower in the stack to 22 in. above the lower tuyeres. 
Therefore, at 22 in. above the lower tuyeres, the metal 
temperatures must have been close to 2200 F, the 
approximate liquidus temperature for this pig iron. 
The zone between 22 and 24 in. above the tuyeres 
accounted for the melting of the pig iron, and also 
was the zone at which appreciable refractory erosion 
from the lining began. 

Based upon the charging rate, it is known that 
charges descended in the cupola at about 4 in./min. 
Apparently, the pig iron was completely melted about 
4 min. after melting began. 

In the zone where pig iron was melting, the cast 
iron was beginning to melt, but lagged slightly behind 
the pig iron. That is, the cast iron descended further 
in the cupola before it melted. The steel scrap showed 
no signs of melting until 18 in. above the lower 
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tuyeres. By this time all of the pig iron and cast iron 
remelt were completely melted. At 15 in, above the 
lower tuyeres all of the steel was melted, and only 
coke was found in the balance of the cupola. This 
zone, within 15 in. of the lower tuyeres, contained the 
smallest coke in the cupola. 

According to the usual definition of bed height, the 
operating bed height in this heat was 15 in. above the 
lower tuyeres, the lowest level in the cupola at which 
solid metal was found. 

Measurement with an optical pyrometer indicated 
that the temperature of the bed coke a few inches 
inward from the lower tuyeres was about 3200 F. From 
the temperature-distribution curve in Fig. 3, it seems 
reasonable that the metal could have reached a maxi- 
mum temperature of about 3000 F as it dropped past 
the tuyere zone. An assumed temperature drop of 
100 F in the well gives the actual tapping tempera- 
ture of about 2900 F in this heat. 

The plotting of these points on the temperature- 
distribution curve in Fig. 3 gives a reasonable recon- 
struction of the temperatures and conditions of melt- 
ing that existed in the cupola during this heat. Two 
partially fused aggregates taken from the frozen 
charges further substantiate the curve in Fig. 3. 

Figure 4 shows a partially fused mass removed from 
the cupola at about 23 in. above the lower tuyeres. 
The mass shows an almost completely melted piece of 
pig iron, a partially melted piece of cast iron which 
was originally a full ring, and a piece of steel that 
had not started to melt. Because this mass was fairly 
small, it is reasonable to assume that the temperature 
was fairly uniform throughout the mass. Therefore, 
this one mass established that the order of melting was 
(1) pig iron, (2) cast iron remelt, and (3) steel. This 
is the order that would be expected on the basis of 
calculated melting ranges for the three materials. 

Figure 5 shows another interesting mass removed 
from the cupola. The pig iron at the top of the photo- 

graph has not yet started to melt, but the steel harrow 
tooth at the bottom of the photograph was actively 
melting. An “icicle’’ frozen to the steel shows that 


this mass of metal was oriented in the cupola the same 
as in the photograph, with the unmelted pig iron at 
the top. Just below the piece of unmelted pig iron is 
a blob of pig iron that was almost completely melted. 
Figure 3 shows that the dividing line between the un- 
melted and melted pieces of pig iron was probably 
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close to 24 in. above the lower tuyeres. This would 
put the steel harrow tooth at about 20 in. above the 
lower tuyeres. Figure 3 shows that the steel should 
not begin to melt until it falls to a level 2 in. lower 
than this in the cupola, that is, to 18 in. above the 
lower tuyeres. However, the manner in which the 
steel tooth was melting, as shown in Fig. 5, suggests 
that it was being washed away by high-carbon pig iron 
that was melted above it. That this is so was verified 
by analysis of the ““icicle,” which showed a carbon 
content of 2.94 per cent and a silicon content of 2.28 
per cent. This silicon content could have come only 
from admixture with pig iron or cast iron. 

Although the steel tooth in Fig. 5 was obviously in 
a high-temperature zone and close to its melting point, 
a metallographic examination of the surface of the 
steel tooth just above the “icicle” showed that the 
surface was decarburized rather than carburized. 

The melting of steel by “washing” with molten 
high-carbon iron suggests one reason why low-steel 
charges melt more readily than high-steel charges. 
With high percentages of steel in the cupola charges, 
the chances of obtaining melting by this washing 
action are greatly reduced, and the steel is probably 
carried lower in the cupola before it melts. 


Melting Behavior of Pig Iron, Cast Iron, Steel 


Pig Iron and Cast Iron showed similar behaviors 
during melting, but their melting characteristics were 
quite different from that of steel. Metallographic 
examination of pig iron and cast iron showed no sig- 
nificant change in structure, even at the surface, until 
they reached a level about 35 in. above the lower 
tuyeres, or an estimated temperature of about 1600 F. 
From this position until melting began, a thick oxide 
scale was built up and the surface of the iron was de- 
carburized quite deeply. 

The combination of decarburization and oxide for- 
mation produced a skin of high melting point on the 
pig iron and cast iron. Therefore, when these mate- 
rials began to melt, they melted “from the inside out.” 
There were numerous examples found in the salvaged 
charges of mere skins of pig iron or cast iron. One 
such example is shown in Fig. 6. The skin has been 
decarburized from 3.19. per cent to 2.19 per cent car- 
bon, and the sulphur content has increased from 0.04 
to 0.07 per cent. 

Steel Scrap: It has sometimes been said that before 


Fig. 4—Mass of partially melted 
metal taken from about 23 in. above 
lower tuyeres where metal tempera- 
tures were about 2150 F. Notice that 
order of melting was (1) pig iron, 
(2) cast iron, and (3) steel. At the 
temperature of this mass, pig iron was 
almost completely melted, cast iron 
was melting, and steel had not started 
to melt. Melting ranges shown for 
each material were calculated from 
their composition and equilibrium 
diagrams. Photo reduced one half in 
reproduction. 
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steel melts in a cupola it is carburized so that its melt- 
ing point is lowered. Several pieces of steel that had 
just begun to melt were examined metallographically 
for evidences of carburization. In no case was any 
carburization found before melting began. In fact, 
every surface of steel that was examined, and had 
not yet actually begun to melt, was decarburized. How- 
ever, immediately after melting the carbon content 
was much higher. ‘his suggests that the steel melted 
by a process of carbon pickup, with the carbon pickup 
and melting occurring simultaneously. 


Photomicrographs of Typical Structures 


Photomicrographs of some typical structures found 
in pieces of metal reclaimed from the cupola stack 
are shown in Figs. 7 through 10. It was often difficult 
to interpret the significance of microstructures found 
in most samples taken from the lower sections of the 
cupola because the matrices were usually martensitic, 
reflecting the rapid cooling that must have accom- 
panied the water quench. A group of about 15 speci- 
mens taken from the cupola for metallographic exam- 
ination included most of the microstructures known 
to ferrous metallurgy. Matrices included ferrite, mar- 


27 INCHES ABOVE LOWER TUYERES 
2000°F ) 


Fig. 5—Semi-molten mass showing melting of steel by 
washing action of molten gray iron. Photo reduced 40 
per cent in reproduction. 
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Fig. 6—Samples of cast iron cross removed from different 
levels in 10-in. cupola. Photo is reduced 40 per cent in 
reproduction. Left—Cast iron cross; 28 in. above lower 
tuyeres, metal temperature about 1900 F; 3.19% T.C., 
3.30% Si, 0.04% S; pearlitic matrix, some surface decar- 
burization and oxidation. Right—Shell of cast iron cross; 
23 in. above lower tuyeres; metal temperature about 
2150 F; 2.19% T.C., 3.87% Si, 0.07% S; graphite flakes 
in martensitic matrix, large amounts of MnS. 


tensite, several types of pearlite, and several interm« 
diate products, such as high- and low-temperature 
bainite. Among the inclusions were massive carbides 
steadite, manganese sulphide, nitrides, and flake 
graphite. 

Figure 7 shows the etched microstructures of one 
steel harrow tooth as it was charged and another tooth 
just before it began to melt. The decarburization and 
scale on the tooth as charged came from the process 
of hot working the steel into the tooth form. This de- 
carburization on the surface persists up until melting 
actually begins. Also, the scale becomes heavier as the 
steel descends in the stack. From Figs. 3 and 5, and 
the rate of descent of the charges, it is estimated that 
the decarburized steel tooth shown at the right in Fig. 
7 would have begun to melt within 15 sec if melting 
had not been stopped by the water quench. Even this 
late in the process, no carburization of the steel sur- 
face was found. The same situation existed for several 
other samples of steel examined just before melting 
would have begun. 

Figure 8 shows the structures of two samples of cast 
iron taken from the hotter zones of the cupola. The 
photograph on the left shows the surface structure of 
a piece of pig iron that had started to soften. .The 
appreciable amount of decarburization and scale that 
make up the high-melting skin are apparent. Thus, 
both steel and pig iron contained appreciable amounts 
of decarburized surface right up to the time they be- 
gan to melt. 

On the right in Fig. 8 is shown an unusual structure 
found in an unidentified mass of partially melted 
metal. The very small size and compactness of the 
graphite flakes are of particular interest. At first 
glance these flakes would appear to come from decom- 
position of massive carbide. However, none of the 
constituents charged contained massive carbide. Also, 
it is extremely unlikely that massive carbide wa‘ 
formed by the water quench, and that there was suffi- 
cient heat or time available for such carbides to 
graphitize. This specimen might have already started 
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to melt along the grain boundaries and then graphi- 
tized while solidifying after the water quench. To 
appreciate the fineness of these flakes, the magnifica- 
tion of 500 diameters used for the photographs must 
be considered. The average length of the flakes is 
actually about 0.0003 in. 

Figure 9 shows the types of concentrations of in- 
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Fig. 7—Surface structure 
of steel harrow teeth as 
charged (left) and just be- 
fore melting (right). When 
charged, the 0.58 per cent 
is decarburized 
and coated with an oxide 
scale. Just before melting 
begins (right) steel is still 
decarburized and oxidized 
on the surface. Specimen 
for photograph on the 
right was cut from just 
above the “icicle” shown 
in Fig. 5. 


Fig. 8—Pig iron just be- 
fore melting (left) show- 
ing decarburized layer and 
thick oxide scale on sur- 
face. Unusual structure 
(right) of very fine com- 
pact graphite flakes found 
in an unidentified mass 
that had partially melted 
in the cupola. Notice high 
magnification. 
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clusions found in the shell left when cast iron melted. 
Most of the inclusions were manganese sulphides, but 
an appreciable number of nitrides were also present. 
This photograph illustrates that sulphur was picked 
up on the surface of the iron shortly before it melted. 
These large amounts of inclusions were not found in 
any specimens except in the shells. Although this cast 
iron had a sulphur content of 0.04 per cent as charged, 
this particular skin contained 0.07 per cent sulphur. 

Figure 10 illustrates a possible explanation for re- 
ports in the literature that steel melts after its surface 
has been carburized appreciably to reduce its melting 
point. This photomicrograph shows a piece of steel 
with a surface layer consisting of graphite flakes in a 
martensitic matrix. Chemical analysis of surface scrap- 
pings or millings would show the surface to be high 
in carbon content, and might lead to the conclusion 
that the surface of the steel had been carburized by 
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the’ cupola atmosphere. Actually, however, the surface 
shown in the photomicrograph is a weld zone between 
steel and molten cast iron which has washed over it. 
This condition was common on pieces of steel re- 
moved from levels below those at which cast iron and 
pig iron melted. It was not found on steel existing at 
levels above those of melting pig iron. The same 
type of surface “carburization” was found on the steel 
tooth in Fig. 5 in those areas that had obviously been 
washed with molten pig iron or cast iron. The “wash- 
ing’’ theory is further substantiated by the fact that 
such areas, although numerous, occur discontinuously. 
If gas carburization were responsible, a mere con- 
tinuous layer of graphitized metal would be expected. 


Discussion 

In 1945, Rambush and Taylor! reported that they 
charged marked materials into a 42-in. cupola near 
the end of four regular production heats, purposely 
quenched the heats with water, and then progressively 
dug out the charges. Their work was more extensive 
than that done in the small cupola. 

Some of the conclusions and findings of Rambush 
and Taylor are quoted below and compared with 
conclusions reached from similar work. 

1. “However carefully the charge materials are 
placed in a cupola in relation to one another, their 
, original relative position is not maintained during 
the descent of the charge.” This was verified in the 
10-in. cupola to the extent that coke and metal charges 
became intermixed shortly below the charging door. 

2. “The shape and size of the metallic pieces in the 
cupola charge are dominant factors in governing their 
manner of descent.” This was not checked in the 10- 
in. cupola because pieces of metal charged were of 
about the same size. 

3. “The coke, although evenly sized to start with, is 
progressively reduced in size from top to bottom of 
the shaft. This remark applies to both bed and charge 
coke.” The coke in Rambush and Taylor’s cupola was 
probably more subject to crushing than that in the 
10-in. cupola. This may explain why their results 





Fig. 9 (left)—-Example of 
concentrations of inclu- 
sions found in shell lett 
“ron melted. 
Most of the inclusions are 
manganese sulphide; some 
are nitrides. This shell is 
the same as that shown in 
Figure 6 (unetched). 


after cast 


Fig. 10 (right)—Graphite 

flakes shown along the 

surface of a piece of steel 

are actually in cast iron 

that has washed over the 

steel and been welded 
to it. 
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showed more reduction in coke size than obtained in 
the 10-in. cupola. 

4. Rambush and Taylor feel that the coke in the 
well begins to float when the well becomes full of 
metal. This does not happen in the 10-in. cupola. 

5. “The reduction in coke size in the bed proper 
is not uniform across a horizontal plane, the coke in 
the center being reduced most, while the bed coke 
against the walls of the cupola remains almost un- 
affected.” This was not checked in the 10-in. cupola 
because of its smal] diameter. However, it seems to 
be a reasonable occurrence for a large cupola, espe- 
cially where an appreciable slag bridge builds up 
above the tuyeres, as in the heats made by Rambush 
and Taylor. 

6. “The carbon content of the steel test bars in- 
creases very slightly in their downward travel when 
solid, but on commencement of melting the carbon 
absorption becomes much more rapid.” Results in 
the 10-in. cupola showed that no surface carburiza- 
tion of steel occurred before actual melting began. 
During melting, carbon pickup by steel was rapid, 
especially when molten pig iron washed over the 
surface of the steel. 

7. “Carbon absorption by the melting steel takes 
place chiefly on the surface, the center of the pieces 
remaining essentially unaltered in this respect. The 
highest carbon content found in a solidified drop of 
steel was 1.2 per cent.”’ 

8. “The passage of water and steam through the 
burden appears to have no deleterious effect on the 
brickwork of the furnace lining.”’ In the 10-in. cupola, 
the drastic quench also had surprisingly little effect 
on the lining. 

9. “The steel in the charge picks up sulphur rap- 
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idly on its surface shortly after its introduction into 
the cupola, but on descending some of the sulphur 
seems to be given off again.”” In the 10-in. cupola, 
the greatest pickup of sulphur occurred on the sur- 
face of cast iron shortly before it melted. 

10. In the small cupola, a large percentage of the 
steel in the charge was melted at temperatures below 
its normal melting point. This took place because 
molten cast iron and pig iron dripped down onto the 
solid steel and dissolved it before its melting tem- 
perature was reached. 

11. “Some of the carbon picked up by the steel re- 
mains graphitic in nature.” Results from the 10-in. 
cupola suggest that the graphitic carbon that seems 
to be in the surface layer of steel is actually in cast 
iron or pig iron that has welded to the partially 
melted steel. 
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DISCUSSION 


Chairman: J]. D. Suetey, The Black Clawson Co., Hamilton, 
Ohio. 

Co-Chairman: R. A. CLARK, Electro Metallurgical Div., Union 
Carbide & Carbon Co., Detroit. 

Recorder: W. T. Bourke, American Brake Shoe Co., Mahwah, 
N. J. 

E. F. Fisher (Written Discussion):+ The wide variations in 
melting and temperatures shows that each piece of coke and 
metal was not surrounded by an envelope of gas. Indeed it is 
impossible in an open top cupola to have this condition prevail. 
Even in such a small diameter as a 10-in. cupola uniform air- 
flow through the charge is impossible. Anyone who has watched 
the fire in a blacksmith’s forge will remember how careful the 
blacksmith was to control his blast and distribution of coal to 
get uniform heating of his iron. 

In an open top cupola the air takes paths of least resistance 
through the charge with no uniformity of velocity through the 
voids. For this reason melting occurs as a progressive washing 
away of solid metal that has not yet reached the melting point, 
by molten metal dripping into the well. Any unmelted metal 
that drops into the well is dissolved by the molten metal. Any 
coke remaining in the well unburned from the bed is not con- 
sumed as the blast does not get into the well. 

In an open top cupola with free air blast it is impossible to 
get uniform combustion and melting. This can be achieved 
only in a pressurized cupola. Even had all the coke and metal 
in the 10-in. cupola been in the form of 2-in. cubes there 
would still have been the same variations in melting and com- 
bustion. 

L. G. Guporr, F. H. BACKMAN AND F, J. WuRSCHER (Written Dis- 
cussion:* The authors of this paper are to be saluted in recog- 
nition of their valuable contribution toward solving a problem 
that has long awaited thorough investigation. For the purpose 
of clarification of certain statements made and subsequent eval- 
uation of findings disclosed by the authors this discussion is 
presented. 





1 Faraday Engineering Co., Tucson, Ariz. 
2 Minster Machine Company, Minster, Ohio. 
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1. Scrutinizing the data given and referring to performance 
records of the cupola used, a normal melt is to be anticipated. 
The quoted melting-rate is but 4.53 per cent short of the rated 
capacity based on cross-section area. 

In the paper reference is made to dimensions “above the lower 
tuyeres.” Is it to be inferred that upper tuyeres had been em- 
ployed? If so, what was their number and size? Though Fig. 1 
indicates but four lower tuyeres a statement to that effect and 
quotation of their shape and dimension are of interest. 

2. The calculation of the metallic charge used records an ini- 
tial composition against which that of the metal actually re- 
ceived at the cupola spout shows an increase of 1.14 T.C., 0.19 Si 
and a decrease of 0.18 Mn. 

The increase in Si and the slightly excessive increase in T.C. 
suggests that this melt proceeded under a neutral or slightly 
reducing atmosphere. However, the reduction of Mn in connec- 
tion with the reported 11 per cent CO content in the affluent 
gases negates such conclusion. Elucidation pertaining to the gain 
in Si is therefore invited. 

3. Referring to quotations in the paper, this test shows an 
increase of 0.9 per cent ‘T.C. and a decrease of 0.15 per cent Si, 
indicating the prevalence of a different composition atmosphere 
than was found in the previously cited test. ‘The authors found 
that only a small portion of the specially shaped coke in the 
well-space was consumed during that heat and calculated that 
if all of the C contained in the coke (90 per cent F.C.) had been 
absorbed by the metal it would have accounted for but 0.43 per 
cent C. ‘Thus, 0.47 per cent C were absorbed through carbonizing 
reactions above the lower tuyeres. 

4. Figures 4-10 seem to be apparent evidence in support of the 
author's evaluations. By pointing to the decarbonized surface, 
encased in a heavy layer of oxides the authors conclude that the 
process of liquification of the mass of an individual part of 
cast iron proceeds from the interior. 

Is it then inferred that this oxide-decarbonized shell, having 
a melting temperature in excess of that required for the encased 
metal, bursts at the moment when the liquid pressure of the 
contained mass exceeds the resistance of that shell? Could it be 
possible that the reproduced evidence is rather an oddity re- 
sulting from adverse reactions during the passage of that piece 
through a highly oxidizing zone in the vicinity directly above 
the tuyeres? 

Since there exists a difference of 0.45 per cent, admittedly ab- 
sorbed by the metal in regions above the tuyeres, the question 
arises concerning the mechanics of C absorption on the basis of 
contrary evidence. The two adversely reacting factors are in- 
compatible. 

5. The experiments by Rambush and ‘Taylor produced the 
hypothesis that a metallic component of the charge enriches 
itself with C on the surface during the descent in the cupola 
until a minute increment of the mass-surface reaches a composi- 
tion of such liquidus temperature which corresponds to the 
existing temperature at a given level within the furnace, whence 
a sufficient quantity is reached to form a metal drop. Following 
its passage a less enriched surface is exposed for continuance of 
the reaction. The presented investigation negates this theory. 

6. The distribution curve of probable temperature, Fig. 3 in- 
dicates that the pig iron used began to melt at a temperature of 
2050 F at a level of 24 in. above the lower tuyeres and was 
completely liquified at a-level of 22 in. or, a temperature of 
2200 F. The quoted pig iron is one of hyper-eutectic composi- 
tion, having a C.E. value of 4.65, which suggests a higher 
temperature of liquidus than quoted in the graph even though 
the C.E. value is not a criterion for the liquidus. 

7. The same curve places the beginning of liquification of the 
steel (0.58 per cent C) at a level of 18 in. and designates com- 
pletion at the 15-in. level corresponding to a temperature band 
of from 2400 F to 2600 F. Reference literature quotes the tem- 
perature of liquidus for a 0.58 per cent steel as being from 
2700 to 2714 F. Without any C absorption taking place how can 
this difference in melting temperature be explained? Is it to 
be understood that within a 3-in. deep temperature zone 
amounting to 200 F the steel absorbed C spontaneously to a 
degree that corresponds to the cited temperatures in the curve? 

The work by Rambush and Taylor shows that in the retrieved 
steel bar, lowest down in the cupola, a C increase of 0.32 per 
cent was experienced, this increase extending within the center 
of the specimen. How can these two investigation results be 
reconciled? 
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It is possible that because of the continuous bombardment of 
the steel piece by the droplets from pig or cast iron some free 
graphite may be found on the surface of the steel because of 
the rapid quench. The authors attribute a “washing action” to 
the mode by which steel melts. Just what is meant by that term 
or its implication is not entirely clear and calls for further 
elucidation on that subject matter. 

8. In the paper the authors state that a 42-in. coke bed height 
was employed. With the highest temperature zone being con- 
firmed to a band 3 in. high and having its peak at 18 in. above 
the tuyeres the question arises of what happened to the bed coke 
above the 24-in. level and what forces drove the steel scrap 
through a layer of solid coke 14 in. deep. 

Mr. Lownir, Jr.: In answer to the question regarding coke 
bed height, the original height was 42 in. of incandescent coke 
above the tuyeres before charging was started. In operation the 
bed burned down to an operating height of 15 in. 

With regard to the question on the sugar-tea analogy, we 
simply wanted to emphasize the fact that metal could be put in 
solution below its melting point. 

JouNn GRENNAN:* We ran similar experiments which we de- 
scribed in a paper presented at the A.F.S. Convention in Mil- 
waukee in 1924. In the earlier experiment peep holes were cut 
in the shell. We could visually observe the melting of iron and 
steel. Our observations agreed with those of Mr. Lownie, al- 
though some of our conclusions differed. Melting was seen to be 
associated with the channeling effect on the gases which varied 
as the stock shifted. Pig iron and cast melted in a heavy enve- 
lope of slag while steel] was free of slag because of its higher 
melting point. The ability of the metal charge to absorb heat 
from the gases was a governing factor in melting. Steel would 
melt faster than cast if sufficient surface area were exposed. In 
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the melting stage, 0.8 to 0.9 per cent carbon was absorbed by 
low carbon steel. 

Mr. Lownie: Did you find that pig iron melted higher i: 
the cupola than steel? 

Mr. GRENNAN: Pig iron 4 in. thick melted in the same location 
as steel of 114-in. thickness. Surface volume was an importan: 
factor affecting melting speed. Melting was governed primarily 
by absorption of heat. 

Mr. Lownie: It is agreed that section size is very important 
In our experiments the materials were of uniform cross-section 
There probably was a slag coating although we had no means of 
observing this. In general our observations are in agreement 
with those of Prof. Grennan. 

W. C. Corseau: * Why was 950 F selected as the blast tempera 
ture and would the same results be obtained with lower blast 
temperature? 

Mr. Lownik: 950 F was chosen simply because of genera! 
interest in that type of operation. I believe the same conditions 
would prevail but take place higher in the stack with lower blast 
temperatures. 

MemBerR: What were your wind rate and coke ratio? Would 
conditions be expected to differ in a large cupola because of 
non-uniformity? The coke ratio stated in the paper was 7.5 to | 
and blast rate 12.5 lb of air per min. 

Mr. Lownie: Because of uniform conditions in our cupola 
channeling was not a problem. We expect that the same general 
behavior would occur in a larger cupola with possibly some 
difference due to differences in section size. 


* Professor Emeritus, University of Michigan, Ann Arbor. 
* Melt Supt., National Malleable & Steel Castings Co., Cleveland. 
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OF NODULAR IRON IN SAND MOLDS 


R. P. Dunphy* and W. S. Pellini** 


Introduction 


In order to deduce the casting wall growth char- 
acteristics of metals it is necessary to know the micro- 
features of solidification and the thermal gradient 
conditions which are developed in the casting at vari- 
ous times during solidification. The characteristics of 
solidification of gray iron in sand molds have been 
previously reported by the authors.* This investiga- 
tion showed that dendrite formation throughout the 
entire cross-section precedes eutectic reaction in gray 
iron castings. The reaction proceeds in a general fash- 
ion being progressive from the sand wall only in the 
sense that dendrite formation is more advanced near- 
est the mold well. An interlaced dendrite structure 
with intermixed liquids is accordingly developed. 
Eutectic reaction proceeds differently in that it is 
highly progressive—a narrow band of eutectic reaction 
travels across the casting section to complete solidifi- 
cation. Variations of superheat, carbon equivalent, 
mold composition, etc. were shown to affect the rate 
but not the nature of solidification. 

The basic features of the solidification of iron on a 
micro-scale have been studied by Boyles! and Eash.? 
These investigators definitely established that gray 
iron solidifies by the prior formation of either the 
hypo- or hyper-eutectic phase depending on the analy- 
sis thus causing either an enrichment or impoverish- 
ment in the carbon content of the remaining liquid 
which gravitates to eutectic composition. Thereafter, 
solidification proceeds by the formation and growth 
of graphite flake colonies or by reaction to ledeburite 
(Fe,C + austenite). 

The nature of the eutectic reaction is determined 
both by the rate of heat extraction which, if fast, 
favors the formation of cementite and by the presence 
of elements which may either favor or preclude the 
formation of carbide—in any case undercooling is a 
prerequisite to the formation of carbide structures. 
Flake structures in commercial Fe-C-Si alloys form 





* Metallurgist and ** Head, Metal Processing Branch, Metal- 
lurgy Division, Naval Research Laboratory, Washington D. C. 


The statements made in this paper represent the opinions 
of the authors and not necessarily those of the Navy Dept. 
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over a narrow eutectic reaction range rather than at 
a fixed temperature since the classical concept of an 
invariant eutectic temperature~applies only to pure 
Fe-C alloys. The eutectic ranges for gray iron alloys 
of various silicon contents have been the subject of 
considerable investigation and are accordingly rela- 
tively well established. 

A recent investigation of the microfeatures of nod- 
ular iron solidification by the authors* provided 
essential information prerequisite to the present study 
of the macro solidification mode. It was concluded 
that the sequence of events occuring during the solidi- 
fication of hypo-eutectic cast iron properly treated 
with magnesium can be outlined as follows: 

Stace 1: The solidification of dendrites of aus- 
tenite beginning at the liquidus temperature and con- 
tinuing to the temperature at which the normal eutec- 
tic consisting of flake graphite and austenite would 
occur. 

Stace 2: Suppression of the normal flake graphite 
eutectic during which interval graphite precipitates 
from localized regions of supersaturated interdendritic 
liquid in a spherulitic crystallization mode. 

Stace 3: Solidification of the remaining eutectic 
liquid as an austenite-iron carbide complex and rapid 
malleabilization of the structure resulting in growth 
of the graphite particles. The number of nodules re- 
mains invariant during the eutectic solidification 
period. 

Figure | abstracted from the report of the previous 
investigation* shows that the cooling curves of gray 
and nodular irons are closely similar expect for the 
undercooling and the more gradual slopes toward the 
end of solidification exhibited by the nodular iron 
curve. Figure 2 from the previous report shows micro- 
graphic evidence (samples quenched during solidifi- 
cation) of the development and subsequent malle- 
abilization of the eutectic carbide complex. 

Information as to the mode of solidification of 
nodular iron from sand walls would be valuable to 
the practicing foundryman in his every-day problems 
with this new material. The present investigation was 
accordingly aimed at establishing this information 
and determining the effect of important foundry 
variables. 
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Fig. 1 (Above)—Cooling curves of 2-in. diam sand 
castings. Mag. 300x. 


Experimental Procedure 

The irons reported herein (Table 1) were prepared 
by induction melting charges of Armco iron, graphite, 
ferrosilicon, and ferromanganese in amounts calcu- 
lated to produce the desired composition. Magnesium 
additions were accomplished by tapping onto a ferro- 
silicon-magnesium alloy containing I] per cent mag- 
nesium. The sand used was a synthetically-bonded 
sand of A.F.S. Fineness No. 80 containing 3 per cent 
bentonite, 114 per cent dextrine, 4 per cent mogul, 
and 314 per cent water. The effect of sea coal was 
established by adding 6 per cent sea coal to this base 
sand. 

The test castings measured 30 in. high and 7 x 7 
in. in cross-section. Details of the casting and of the 
gating and risering methods are shown in Fig. 3. The 
sand was molded in a 24-in. square flask which pro- 
vided a depth of 814 in. of sand on all four faces of 
the castings. 

The course of solidification of the test castings was 
followed by observing the temperature changes 
through the thickness of the casting at its vertical 
midpoint. A series of Pt, Pt-Rh (13%) thermocouples 
were cantilevered from the mold wall to the center 
of the casting according to the arrangement shown in 
Fig. 3. The couples were enclosed in alundum insula- 
tors and sheathed in 6-mm OD, 3-mm ID fused silica 
protection tubes. The metal interface temperatures 
were recorded by placing a sheathed thermocouple 
at the interface so that one-half of the protection tube 
was in the metal and the other half in the sand. An 
additional bare couple was placed so that the wires 
were entirely in the sand and the bare bead at the 


Fig. 3 (Right)—Details of casting and location of 


thermocouples. 
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Heat Cc Mn Si P S Mg Carbon Liquidus Pour Eutectic 
No. Equiv. Temp. F Temp. F Temp. F 
C-20 2.95 0.48 2.12 0.015 0.015 0.037 3.66 2247 2500 2105 
C-21 3.08 0.50 2.41 0.014 0.012 0.047 3.88 2200 2500 2103 
C-22 3.04 0.47 2.33 0.014 0.013 0.047 3.82 2215 2395 2102 
C-23 3.04 0.52 1.99 0.016 0.014 0.049 3.70 2236 2500 2092 
C-24 2.87 0.49 2.24 0.016 0.011 0.040 3.62 2260 2490 2096 
C-13 3.04 0.53 1.39 0.014 0.046 — 3.50 2286 2500 2109 





casting surface. The bead was coated with a thin layer 
of silica flour mold wash. This couple has been desig- 
nated as the mold interface couple. The test casting 
and experimental techniques were exactly the same as 
used in the previous investigation of gray iron solidifi- 
cation, thus permitting exact comparison of the prin- 
cipal features of solidification. 

The metal temperatures were recorded on a multi- 
point, automatic recording potentiometer, 1500 to 
3000 F scale having an accuracy of 0.25 per cent of 
full scale and sensitivity of 0.1 per cent. The tempera- 
ture recording sequence was arranged so that read- 
ings from individual couples were obtained at approx- 
imately 8-sec intervals. 


Significant Features of Cooling Curves 


Representative thermal data recorded during the 
solidification of nodular and gray iron castings (C-24 
and C-13), of similar base analysis, are shown in Fig. 
4. The general shapes of the curves are nearly iden- 
tical—each exhibiting liquidus and eutectic “holds.” 
Significant differences in the two curves are noted in 
the eutectic hold temperature which is slightly lower 
for the nodular iron and in the slopes of the cooling 
curves at the end of solidification which are markedly 
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less precipitous for the nodular iron. These features 
are the same as indicated in Fig. 1 for the case of the 
micro solidification studies. 

The sequence of events during the solidification of 
these irons as indicated by the cooling curves consists 
of the removal of superheat, the formation of aus- 
tenite dendrites at the liquidus hold temperature, the 
growth of these dendrites, and the beginning and end- 
ing of eutectic solidification. The timing of these 
events at the various space positions within the casting 
is indicated by the time at which these positions reach 
the liquidus and the eutectic start and end-of-freezing 
temperatures. 

The start of austenite dendrite formation was taken 
as the time when a significant drop (2 F) below the 
liquidus hold was observed; the end of austenite den- 
drite formation as the time an approach to within 2 F 
of the eutectic hold was reached; the start of eutectic 
formation as the time a drop of 2 F below the eutectic 
hold occurred. The choice of a 2 F approach or de- 
viation from the hold temperatures was necessitated 
by the difficulty of observing a point of merger for 
curves which approach or deviate asymptotically. The 
errors involved are small and of no practical signifi- 
cance. The end of eutectic formation was taken as 
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Fig. 4—Cooling curves of nodular and flake graphite irons. 
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Fig. 5—Thermal gradient curves for nodular and flake graphite irons. 


the solidus temperature determined by inverse rate 
curves obtained from the temperature cycle recorded 
by the center couple. 


Comparison of Flake and Nodular Iron 


Discussion and visualizations of solidification events 
are very much simplified by recognizing the wave- 
form progression through the casting of the various 
cycles of transformation which occur during solidifi- 
cation. The wave like aspects of solidification have 
been discussed in detail in previous reports.35.6 The 
sequence of solidification cycles which have been re- 
ported for gray iron is followed also by the nodular 
iron as indicated by replotting the cooling curve data 
as thermal gradients which are established across the 
castings at various times during solidification, Fig. 5. 
Briefly, the sequence is as follows: 

1. The rapid elimination of superheat. 

2. The initiation of dendrite formation at the cast- 
ing wall with the subsequent development of a li- 
quidus “hold” or isothermal condition of the liquid 
metal in the casting interior. This stage represents 
the initiation of movement of the “dendrite start 
wave” from the casting wall. 

3. The “dendrite start wave’’ moves across the sec- 
tion, gradually encroaching on the isothermal region. 
4. The “dendrite end wave” denoting completion 





of dendrite formation does not move away from the 
casting wall until fairly extensive dendrite formation 
has occurred at the center of the casting. 

5. The “eutectic start wave” moves outward from 
the casting wall considerably in advance of the “eutec- 
tic end wave’’ completing its travel to the center prior 
to the completion of eutectic reaction at the surface. 
It is only after the eutectic end wave leaves the cast- 
ing wall that a completely solid skin is developed. 

Plotting of the travel of the various solidification 
waves across the casting, as shown in Fig. 6, permits 
a detailed comparison of the solidication features of 
gray and nodular irons. It is observed that the rate 
of progression of the start of dendrite freeze waves is 
the same for the two irons. The rate of growth of den- 
drites during the time the growth is not influenced by 
eutectic reaction is apparently the same inasmuch as 
the dendrite end waves coincide at initia] stages of 
their travel. 

Differences are noted after this point, however, in 
that the eutectic end wave in the gray iron casting 
follows closely behind the eutectic start wave produc- 
ing a band of active eutectic solidification approxi- 
mately 1 in. wide, denoting highly progressive solidi- 
fication. The eutectic solidification of the nodular 
iron casting occurs in a broad band fashion similar 
to the dendrite growth stage. The broad band of 
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Fig. 6—Comparison of progression of solidification for 
nodular and flake graphite irons. 
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Fig. 8—Effect of carbon equivalent on progression of 
solidification of nodular iron. 


eutectic solidification of the nodular iron results from 
the faster travel of its eutectic start wave and slower 
travel of its eutectic end wave as compared to the gray 
iron. As a final result it is observed that the comple- 
tion of solidification of the nodular iron casting occurs 
at somewhat later time than for the gray iron. 

The mechanism by which the differences in the rate 
of travel of the nodular iron eutectic waves as com- 
pared to gray are established is not known. It is sus- 
pected that the two-step reaction features of nodular 
iron eutectic solidification involving the prior forma- 
tion of carbide structures followed by malleabilization 
to nodular graphite is responsible. It is difficult to 
theorize how this occurs, however, since a variety of 
poorly understood factors such as differences in the 
thermal conductivity of the matrix, liberation of heat 
of transformation due to malleabilization at post 
eutectic reaction times, etc., may play a part. 


Effect of Variables on Solidification 


The effect of superheat on the general solidification 
characteristics of nodular irons, Fig. 7, can be seen by 
comparison of two castings (C2l1 and C22) poured 
with a superheat difference of approximately 120 F. 
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Fig. 7—Effect of superheat on progression of solidification 
of nodular iron. 
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Fig. 9—Effect of sea coal on progression of solidification 
of nodular iron. 


The effect of superheat is a progressive delay in the 
times at which the various solidification waves travel 
across the casting section. For example the dendrite 
“start” and “end” waves in casting C-21 are delayed 
approximately 5 min, whereas the eutectic “start” and 
“end” waves are delayed 7 and 13 min respectively. 
The cumulative effect of these delays is to increase the 
final solidification time considerably more than would 
be expected from the single initial delay in the start 
of solidification. These effects result from the preheat- 
ing effect on the mold due to the flow of superheat 
prior to the solidification interval and are exactly 
analogous to the effects of superheat determined foi 
gray irons® and steels.5 

The relative solidification characteristics of nodular 
irons of different carbon equivalent when poured 
from the commonly used temperature of 2500 F are 
shown in Fig. 8. The separate roles of differences in 
superheat and carbon equivalent are readily recog- 
nizable in the two sets of curves. The basic effect of 
higher carbon equivalent is a shortening of the time 
period between the start and end of dendrite forma- 


tion and lengthening of the time period required for 
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‘utectic reaction. Thus, the effect of carbon equiva- 
lent is the same as shown previously for flake irons. 
The somewhat higher superheat condition of the high 
carbon equivalent iron is reflected in an initial delay 
in the start of dendrite formation and somewhat 
longer (4 per cent) time of complete solidification. 
it is apparent from consideration of final solidification 
times that the small changes in superheat effected by 
the common practice of pouring irons of moderately 
different carbon equivalent at a fixed temperature is 
relatively small. 

The effect of a 6 per cent sea coal addition to the 
sand on the progression of solidification of nodular 
irons is shown in Fig. 9. Comparison of castings C-20 
and C-23 shows that the timing of the various solidi- 
fication cycles is decreased by the presence of sea coal 
in the sand in a manner directly opposite to that of 
superheat. The cumulative effect is a moder=te (4 per 
cent) decrease in the final solidification time. The 
increased rate of progression of the solidification 
waves occasioned by sea coal necessarily indicates an 
increased rate of heat removal by the mold. This fea- 
ture of sea-coal sand was also observed in the case of 
flake irons. 

Microstructures 

Typical microstructures at the centers of representa- 
tive castings are shown in Fig. 10. In general the 
graphite nodules were evenly distributed with no 
significant change in ferrite-pearlite ratio across the 
section. The tendency toward retention of eutectic 
carbides in film-like distributon increased slightly 
toward the center of the section; inclusions were gen- 
erally associated with the carbide regions. Superheat 
and mold variables did not have significant effects on 
the nature or distribution of the microconstituents. 
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DISCUSSION 

Chairman: H. A. ScHWaArtz, National Malleable & Steel Cast- 
ings Co., Cleveland. 

Co-Chairman: FE. C. Troy, Foundry Engineer, Palmyra, N. J. 

Recorder: C. E. Sims, Battelle Memorial Institute, Columbus. 

A. L. De Sy (Written Discussion):* We have read this paper 
with a great deal of interest and think that special attention 
should be given to the fundamental difference in the shape of 
the cooling curves (Fig. 4) of nodular and flake graphite irons. 

Our results are in perfect agreement with those of R. P. Dun- 
phy and W. S. Pellini.as far as the slope of the cooling curves 
at the end of solidification is concerned; however, concerning 
the so-called eutectic hold of nodular iron, accurate temperature 
measurements show a slight drop (approximately 1° C) during 
what is considered as the hold. 

The abrupt termination of the hold in the case of flake 
graphite irons is very characteristic of a eutectic solidification; 
on the contrary the very progressive slope at the end of the 
cooling curves of nodular iron can hardly be considered as cor- 
responding to a real eutectic. 

Should we not consider the graphite spherulite growing in 
(initially supersaturated) austenite by direct diffusion of carbon 
from the liquid through an austenite layer to the growing 
spherulite. Such a solidification does not correspond to a eutectic 
and would give a cooling curve of the type regularly; observed 
with nodular iron. 

For further details a recent paper*. by A. L. De Sy and J. Vidts 
should be consulted. 

V. Pascukis (Written Discussion):* In both parts of Fig. 4 a 
measurable temperature difference between metal and mold in- 
terface is shown. The temperature drop may be considered 


SOLIDIFICATION OF NODULAR IRON IN SAND Mo ps 


as an expression of thermal resistance across the gap. 

In case of nodular iron the temperature difference is approxi 
mately 5 F, in case of the flake iron the difference 10 minutes 
after pouring is 70 F and then decreases slowly to a more or less 
constant value of 30-40 F. Thus, if the heat flow in both cases 
is about the same, the thermal resistance in case of the flak« 
iron is 70/5 = 14 to 30/5 — 6 times as high as in the case of 
nodular iron, 

rhe resistance across the gap consists actually of two paralle! 
resistors: one for radiation and one for conduction. The forme: 
is practically independent of the width of the gap, the othe: 
is proportional to the width. 

rhus a lower resistance (flake iron) indicates a greater widt] 
of the air gap, and a greater width, in turn must be attributed 
to higher shrinkage. Thus, evaluation leads to the conclusion 
that nodular iron shrinks much less than flake iron, whereas 
actually nodular iron has a larger shrinkage. 

Thus the writer would conclude that the temperature meas 
urements on the faces of the gap are perhaps not entirely reli 
able. This is not surprising since surface temperatures are most 
difficult to measure. 

It is interesting to note that this difference of shrinkage shows 
up, even if the influence of an airgap on solidification rates is 
small in case of casting in sand molds. 

This is understandable, because any conceivable value of air- 
gaps resistance is small compared with the resistance of the 
sand mold. 


*A. De Sy et J. Vidts, ‘‘Précisions et données complémentaires sur le 
mécanisme de formation des sphérolites de graphite,’ Fonderie Belge, 
March 1952. 

1 Prof., Laboratorium Voor Metallurgie, Liege, Belgium. 

2 Columbia University, New York. 














A SOLIDIFICATION DILATOMETER AND 


ITS APPLICATION TO GRAY IRON 


By 


R. P. Dunphy* and W. S. Pellini* 


Introduction 

For many years risering has been recognized as an 
art based on the hard-won experience of foundry- 
men. Recently scientific methods have been applied 
to the problem of risering steel castings.! Extensive 
research and foundry trials were required to reach 
the present state of development; continued progress 
is being made with the active support of progressive 
foundries. A similar scientific approach to the prob- 
lem of risering gray iron appears to be timely in- 
asmuch as a clearer understanding?:* has been evolved 
of the specific solidification features of steel and gray 
iron, thus allowing translation of information from 
one case to the other. 

Basically, the physical conditions which exist dur- 
ing the first stage of hypoeutectic cast iron solidifica- 
tion are the same as for steel, since both are charac- 
terized by dendrite formation. The liquid and liquid- 
to-solid volume changes occurring during the dendrite 


solidification stage require the inflow of feed metal 


which, if not available, results in the development of 
shrinkage pockets. Graphite formation during late 
stages of solidification distinguishes gray irons from 
steels, however, since the increased volume accom- 
panying the formation of this low density constituent 
acts to compensate for the liquid-to-solid shrinkage 
occurring during the dendrite formation stage. The 
development of risering formulas for this material is 
consequently difficult, requiring allowance for the 
complex interbalancing of liquid-to-solid shrinkage 
and eutectic expansion. 

An empirical approach to such a complex prob- 
lem by correlation of shrinkage, dishing, expansion, 
etc., of various casting shapes involves an uninviting 
expenditure of effort with questionable chance of 
success. A systematic step-by-step approach involving 
initially the analysis of the features of solidification, 
metal movement and dimensional changes of simple 
systems amenable to exact study appears more fea- 
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sible, economical, and technically sound. This latter 
course was followed in the present investigation, 
which represents an initial step in the stated direction 
with the principal aim of deducing the mechanism 
of casting wall movement. Recent thermal analysis 
studies of the features of gray iron solidification pro- 
vided necessary basic information for these studies.® 
There remained the problem of combining estab- 
lished thermal analysis techniques with a physical 
measurement to relate dimensional changes to the 
solidification cycles of the casting—this was accom- 
plished by the development of a solidification dilato- 
meter. 

The principal features of the solidification dilato- 
meter system are illustrated in Fig. 1. A 4 x 4 x 12-in. 
casting is molded in 16 in. square cheek flask. The 
end of a sand-filled fused silica tube (114-in. op, 3o- 
in. wall thickness) is positioned at the mold-metal 
interface. The opposite end is covered with a conical 
metal cap, the apex of which rests against a lever 
arm. A weight (15 oz net) is attached to the top of 
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Fig. 1—Details of solidification dilatometer. 
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Fig. 2—Thermal and dilatometer data recorded during 
solidification of 3-in. risered casting in seacoal sand. 


the lever by means of a wire cable and serves to 
maintain intimate casting-tube contact at the mold- 
metal interface; the lever and fulcrum arrangement 
produce a load on the casting surface of 2.26 psi. 
The tube is surrounded with sand near the mold- 
metal interface to a depth of 34-in. At this point a 
stainless steel tube guide of slightly larger diameter 
encloses the silica tube along its entire length to the 
point of its emergence from the flask. A dial gage, 
calibrated in 0.0001 in., is used to indicate the tube 
movement, which is magnified 2 by the lever con- 
nection. 

The molds are rammed with an air rammer, parti- 
cular attention being paid to the attainment of uni- 
form mold hardness. In order to prevent tube break- 
age during ramming, the sand immediately around 
the tube end was hand-rammed with a pencil ram- 
mer to a circumferential depth of approxiamtely 114 
in., followed by air ramming of the succeeding sand 
layers. This procedure produced no differences in 
mold hardness as compared to the remainder of the 
mold. After ramming of the mold was completed, 
free movement of the tube was insured by rotation 
within the 34-in. sand envelope at the tube end. 


Thermocouple Locations 


The relationship between the metal interface move- 
ment and the timing of the solidification cycles of the 
casting and riser is obtained by cantilevering Pt, Pt- 
Rh (13 per cent) thermocouples from the mold wall 
into the mold cavity. The thermocouples sheathed in 
34 g-in. op fused silica protection tubes are positioned 
at various locations in the vertical centerplane of the 
casting and riser in order to follow the course of 
solidification of the system in the vertical direction. 
An additional series of thermocouples is placed in 
the horizontal plane at the casting midheight (6 in.) 
to follow the progress of solidification at the point 
where the dilatometer tube contacts the casting. These 
thermocouples are located at the mold-metal interface 
and at 14, 1, 114 and 2 in. from the mold wall. Tem- 
peratures are recorded by means of a multipoint auto- 
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matic recording potentiometer, 1500-3000 F scale, hav- 
ing an accuracy of 0.25 per cent of full scale and 
sensitivity of 0.1 per cent. 

The general procedural details of all experiments 
in this investigation involved bracing of the lever arm 
in a rigid position during pouring, after which the 
lever is released and allowed to move freely. Dial 
indicator and temperature readings are taken simul- 
taneously until complete solidification of the casting 
and riser has occurred. 


Experiments 


The gray irons used throughout the investigation 
were prepared by induction melting charges of armco 
iron, ferrosilicon, graphite, and ferromanganese in 
amounts calculated to give the desired composition. 
All irons were heated to 2650-2700 F, inoculated with 
0.50 per cent silicon as ferrosilicon (50 per cent type), 
and poured at 2600 F. The irons were hypoeutectic 
in composition, falling in the chemical analysis range 
of 3.00-3.07 per cent C, 0.38-0.43 per cent Mn, 1.32- 
1.77 per cent Si, 0.011-0.020 per cent S, and 0.011- 
0.018 per cent P. All pouring temperatures were de- 
termined by immersion thermocouples. The sands 
were synthetically bonded containing 3.0 per cent 
bentonite (western or southern), 114 per cent cereal, 
0.5 per cent dextrin, and 3.5 per cent water. In cases 
where sea coal was used, 6 per cent of sea coal was 
added to the western bentonite base mixture. In each 
test series the riser diameters were varied from 3 to 6 
in, in ]-in. increments; the riser height was kept con- 
stant at 6 in. The tops of all risers were covered 
with an exothermic, anti-piping compound, over 
which was placed a \4g-in. sheet of asbestos. 

The thermal and dilatometer data from the sea 
coal sand test series are shown in Figs. 2, 3, 4, and 5. 
Each figure presents 1) the dilatometer data (D 
curve); 2) the cooling curves for various height posi- 
tions at the casting centerline indicating the time se- 
quence of complete solidification; 3) thickness-time 
curves indicating the progression of the dendrite and 
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Fig. 3—Thermal and dilatometer data recorded during 
solidification of 4-in. risered casting in seacoal sand. 
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eutectic solidification waves across the casting section 
it the midheight position (6 in.). Construction of 
the thickness-time curves is accomplished by noting 
the time at which the various space positions within 
the casting reach the dendrite and eutectic start-and- 
end-of-freezing temperatures as described in the pre- 
vious reports.? By means of this plotting method the 
solidification process is represented in an easily visual- 
ized form. The most significant aspects of the com- 
plex solidification mechanism of hypo-eutectic gray 
iron is the two-stage solidification cycle. The first 
stage featuring dendrite formation requires feed metal 
flow to compensate for liquid-to-solid shrinkage, while 
the second stage featuring eutectic reaction does not 
require feed metal flow inasmuch as the formation 
of graphite results in a net volume increase. The two 
cycles do not follow in immediate sequence at any 
given casting position—on the contrary, the first 
cycle essentially goes to completion throughout the 
casting before the start of the second cycle. This 
feature is a most important consideration in the 
analysis of gray iron risering requirements, as will be 
discussed in sections to follow. 


Expansion Registered 


A major feature of the dial indicator records (D- 
curves) for the western bentonite-sea coal series is the 
marked casting expansion registered for the casting 
with the 3-in. riser during the eutectic reaction in- 
terval. The D-curve for the next larger riser size (4 
in.) exhibits moderate expansion during this interval 
while the next two riser sizes (5 and 6 in.) show a 
comparatively negligible expansion. 

Detailed examination of D-curves for these castings 
shows that a forward movement of the tube occurs 
during the period which precedes the development of 
a coherent dendrite mass at the casting surface. At 
this early time the frictional effects of the sand sur- 
rounding the tube provides the major resistance to 
tube movement. The forward movement gradually 
decreases and ultimately stops as the casting surface 
attains sufficient coherency to resist the applied load. 
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Fig. 4—Thermal and diiatometer data recorded during 
solidification of 5-in. risered casting in seacoal sand. 
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Fig. 5—Thermal and dilatometer data recorded during 
solidification of 6-in. risered casting in seacoal sand. 


Thermal expansion of the tube due to heating may 
give slight indications of the backward movement 
during the following interval of completion of den- 
drite growth. These changes are small, however, and 
in view of the lack of precise agreement in the curve 
shapes during these early periods, an exact analysis 
of the responsible factors is not possible. During the 
eutectic solidification interval it is noted that the 
marked casting expansion of the 3-in. riser system 
occurs at an initially rapid rate, with a gradually de- 
creasing rate being manifested near the end of eutectic 
solidification. After completion of the travel of the 
eutectic end wave across the casting, contraction oc- 
curs. It is also noted that the onset of marked cast- 
ing expansion coincides with the time of complete 
solidification at the top surface of the riser (17-in. 
position). This occurrence may be considered as “‘cap- 
ping,” or closing of the casting system, analogous to 
the steel mill practice of capping of ingots by “freez- 
ing-off” the top surface. 


Riser Size and Expansion 


The 4 in. diameter riser system also shows an in- 
crease in expansion rate at the time “capping” occurs, 
The timing of actual capping is somewhat delayed 
(24 min as compared to 17 min). The rate and ex- 
tent of expansion are notably decreased as compared 
with the 3 in. risered casting. Again, contraction oc- 
curs at the time of complete solidification of the 
casting. In the case of the 4-in. riser a small amount 
of purged metal was observed on top of the riser 
after shakeout—no purged metal was observed in the 
case of the 3-in. riser. The castings made with 5 and 
6 in. diameter risers show little expansion during the 
eutectic solidification interval. It is noted that the 
topmost thermocouple positions for these two castings 
indicate that the riser surface solidifies at a later 
time than the casting—capping accordingly did not 
occur. Large amounts of purged metal were observed 
on the tops of both risers. 

Summary D-curves for the western bentonite-sea 
coal series of experiments along with the D-curves for 
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two series of experiments wherein southern and west- 
érn bentonites were used in the absence of sea coal 
are presented in Fig. 6. The notations on each curve 
denote the start of eutectic solidification at the sur- 
face of the castings (at the midheight position), the 
end of eutectic solidification at the center of the 
castings, and the time of solidification of the topmost 
thermocouple position in the riser which represenjs 
the capping time. 
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Fig. 6—Summary D-curves for experiments with seacoal, 
western and southern bentonite-bonded sands. 
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General examination of these data shows that re 
gardless of the molding medium an expansion of th: 
casting occurs during eutectic solidification in th 
castings made with 3 and 4 in, diameter risers, anc 
that the amount and rate of development of castin 
expansion decreases as the riser diameter increases 
It is also noted that for the 3 and 4 in. risers in al 
three sand series the riser freezes, or caps, prior to th« 
time of complete casting solidification, and that th: 
riser Capping-casiing solidification sequence is reverse! 
for the 5 and 6 in. diameter riser sizes. In each sand 
series purged metal was observed on tops of all rise1 
except the 3 in. riser size, the amount increased with 
increase in riser size from the 4 to 6 in. riser diameter. 


General Discussion 


The controlling effect of riser size on the nature of 
wall movement during eutectic reaction clearly indi 
cates the development of a pressure condition within 
the casting resulting from the volume expansion con 
sequent to eutectic reaction. The pressure which is 
developed is potentially of a high order, sufficient to 


























PURGED METAL 
SOLID SKIN 
Hi EXPULSION OF 
nt 1}: eurecTic LIQUID 
TH yh 
REACTION FORCES 
REACTION FORCES Bii{1111 ait Wt 
OF SAND WALL OF SAND WALL 
et. Pitt expansion Forces HH EXPANSION FORCES 
HHT| DUE TO GRAPHITE K\\AKA DUE To GRAPHITE 
Witt FORMAT! 
LARGE ————] ee ones. HH; FORMATION 
EXPANSION «<— tite EXPANSION +— tity 
mayne ett 
SYSTEM “8° 


SYSTEM “A” 


Fig. 7—Schematic representation of effects of graphite 
formation in “capped” and “uncapped” systems. 


deform the sand walls if the casting is capped by soli- 
dification of the riser surface in advance of the time 
of eutectic reaction within the casting proper. In the 
case in which the riser remains open during the eutec- 
tic reaction period, the general level of pressure re- 
mains low by virtue of expulsion, or purging, of 
eutectic liquid through the interdendritic channels 
of the riser. For cases of riser capping during inter- 
mediate stages of eutectic reaction in the casting, par- 
tial relief is afforded by-purging, and moderate pres- 
sures result with consequent moderate casting expan- 
sion. It is thus apparent that the anomalous be- 
havior of gray iron in producing oversize castings is 
related to the pressure level developed during eutectic 
formation. 

These generalizations are fully consistent with the 
observations of the various riser capping times and the 
amount of casting expansions and purgings. The 
known fact that purged metal is of eutectic composi- 
tion provides further substantiation of this mechan- 
ism. A schematic illustration of the process is pro- 
vided in Fig. For a detailed consideration of the 
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tures of hypoeutectic gray iron solidification described 
by the thickness-time curves of wall growth; also, that 
the relative rates of solidification are determined by 
the specific geometries (volume/surface area ratios) 
of the casting sections. Systems A and B of Fig. 7 re- 
present the same casting with risers which solidify 
respectively in advance of and following the solidifica- 
tion time of the casting. In either case the period of 
dendrite formation is marked by liquid metal flow 
from the riser to the casting. The process is exactly 
similar to that which occurs in the case of steel.* A 
short time prior to full completion of dendrite for- 
mation at the center, eutectic reaction starts at the 
surface of the casting moving in wave-like fashion to 
the center. The relative geometries of the riser and 
casting of system A are such that the riser develops a 
solid skin at the top surface at this time. The entire 
system is thus capped in a fashion similar to capping 
a container of liquid, with the mold walls forming 
the container and the solid skin on the riser provid- 
ing the cap. 
Pressure and Volume 


At this time all interdendritic spaces are filled with 
eutectic liquid. As the eutectic wave moves forward 
expansion occurs due to graphite formation and a 
pressure rise is developed. Depending on the nature 
of the resisting forces of the sand wall and the rigidity 
of the cap, the pressure is relieved by an increase in 
the volume of the casting. This is recognized as a 
wall movement by the dilatometer used in this in- 
vestigation. On completion of solidification, solid 
contraction occurs due to cooling of the casting—the 
D-curve shows a contraction following the point of 
final solidification. The check between the D-curve 
and the thermal analysis, thickness-time curves is 
almost exact for the systems which show marked di- 
mensional changes, demonstrating mutual confirma- 
tion of the thermal analysis and dilatometer tech- 
niques. 

The relative geometries of the riser and casting of 
system B are such that the riser does not solidify at 
its suriace until after the casting is completely solidi- 
fied. Thus, during the period that the eutectic reac- 
tion wave moves across the casting a relief to the ex- 
pansion pressure is afforded through the intercon- 
nected interdendritic passages of the casting and 
riser, with consequent expulsion of eutectic liquid as 
purged metal which is noted on the surface of the 
riser. 

It should be expected that the reaction or resisting 
force of the sand wall will determine in part the mag- 
nitude of the observed pressure-induced wall move- 
ment. It is observed that the largest expansion is 
developed in the sea coal-western bentonite sand 
system. The expansion registered for the sea coal- 
free southern and western bentonite sands is marked- 
ly less. The southern bentonite sand indicated a 
somewhat higher, but possibly not significant, expan- 
sion as compared to the western bentonite. The 





* If the smaller riser solidified completely at an early stage 
of dendrite growth of the casting (faster than shown for the 3- 
in. risers in this investigation), feed metal flow would be cut off 
with consequent development of shrinkage cavities (Fig. 8). 





process it is essential to recognize the two-cycle fea- 










characteristics of the sand wall movement should be 
a function of the intrinsic strength and expansion 
properties of the various sands under the influence 
of steep and changing temperature gradients. While 
hot compressive strengths and expansion-contraction 
cycles of sands undoubtedly contribute to the over- 
all behavior of the mold, the known properties of 
sands as determined in simple sand tests present no 
basis for explaining the apparent greater facility for 
casting wall movement evidenced by sea coal sand. 
The need for measurements of the properties and be- 


Fig. 8—Section of 4x4x12-in. test casting made with 1 /2- 
in. diameter riser showing gross shrinkage cavity. Arrow 
denotes purge drop. 
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havior of sands under actual casting conditions in- 
volving dynamic temperature changes is indicated. 

The relationships of solidification and expansion 
features observed for the simple casting system used 
in this investigation provides a basis for understand- 
ing the feeding requirements of more complex prac- 
tical castings. It is evident that unlike the case of 
steel castings for which the feed metal flow path is 
always counter to the path of directional solidifica- 
tion, the path of feed metal in the case of hypoeutec- 
tic gray iron is actually reversed during the eutectic 
reaction period. Thus, at late stages of solidification 
steel castings tend to drain heavy sections to satisfy 
the demands of lighter sections, leading to dispersed 
shrinkage in the heavy sections. Gray iron castings, 
however, behave in an entirely different manner for 
during this same period light sections actually pump 
liquid back to heavier sections. Purging, expansion, 
or even refilling of gross shrinkage voids developed 
during the dendrite formation period of the heavy 
section may result from the reversed flow of liquid. 

The sufficiency of small bobs for gray iron feeding is 
explained by the described mechanism. Feeding by 
the bob is only required during the interval of time 
prior to eutectic solidification. In fact, the feeding 
need not be complete for a feeding deficiency will 
permit room for subsequent eutectic expansion. The 
relative feeding requirements of irons of various car- 
bon equivalent become apparent when analyzed in 
terms of the relative fraction of volume which solidi- 
fies during the shrinkage-producing dendrite stage as 
compared to the fraction which solidifies during the 
expansion-producing eutectic stage. These various 
factors must be considered presently in a qualitative 
fashion. The obvious next step in the direction of 
scientific gray iron risering lies in the combination 
of the principles of steel risering practice with the 
effects of graphite formation in gray iron and re- 
ducing them to quantitative terms. 
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DISCUSSION 


Chairman: A. P. GAGNEBIN, International Nickel Co., Ne 
York. 

Co-Chairman: R. SCHNEWEWIND, University of Michigan, Am 
Arbor. 

Recorder: G. A. Timmons, Climax Molybdenum Co., Detroit. 

V. PascHkis (Written Discussion):* This is certainly a mos 
unusual and excellent paper, showing clearly the influence 
several variables on the solidification pattern. 

From the background of the writer's research by means of th: 
analog computer, two comments come to mind. 

1. The authors state, that, in case of steel, the pouring tem- 
perature does not materially influence time and mode of solidi 
fications. However, the author’s own Fig. 14 (his Ref. 2) indi 
cate apparently quite strong influence of superheat: 

Increasing the pouring temperature from 2725 to 2900 F re 
sults in an increase of solidification time from 42 to 50.5 min 
(green sand), Similarly his Fig. 7 (l.c.) shows an increase ot 
freezing time from 9.4 to 10.6 min when casting against a chill 
(2724 F vs 2880 F). This trend is in line with our findings on 
the Heat and Mass Flow Analyser. 

It would be helpful, if the author would show the influence 
of the pouring temperature in case of aluminum, bronze, etc. 
Since the solidification temperatures are lower than in case of 
steel, superheat may have a different influence. What actually 
is important is not the absolute degree of superheat, but rathe1 
the ratio 





(Pouring temperature) — Liquidus temperature) 
(Liquidus temperature) — (Initial mold temperature) 


2. The authors’ reference to the spread between liquidus and 
solidus and the relationship between this spread and the feed- 
ing of a casting opens up interesting possibilities for studies on 
the analyser. 

Feeding is a phenomenon covered by the fields of liquid 
flow and of heat flow. 

The author seems to indicate that it is possible to determine 
for each temperature the amount of liquid and of solid material 
present in the casting. The cross-sectional area not covered by 
solid material is available for liquid flow. From a knowledge 
of the viscosity and the ferrostatic pressure of the feeder, the 
rate of fluid flow can then be determined. 

Since the temperature distribution in casting and feeder can 
be computed, such sequence of calculations would make the 
problem of feeding accessible to rational and accurate predic- 
tion. The views of the author on this matter would be of great 
interest. 

H. J. MEERKAMP VAN EMBDEN:*? What were the dimensions of 
the final casting as compared with the dimensions of the pat- 
tern? I am particularly interested to know if the castings in- 
creased or decreased in total volume. 

Mr. Dunpuy: This depended upon the solidification of the 
riser. Castings were in some cases larger than the pattern and 
in other cases smaller. 

D. E. Krause: * Did you make hardness or density measure- 
ments on the castings with different sizes of risers? Did the 
values change with the size of risers? 

Mr. DunpHy: ‘There was no difference in hardness or density. 


1 Columbia University, New York. 
* Chief Engineer, Phillips, Ltd., Eindhoven, Holland. 
* Executive Director, Gray Iron Research Institute, Columbus, Ohio. 
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ABSTRACT 

An investigation was made of the mechanical properties of 
aluminum test bars produced by the investment casting tech- 
nique. 

Properties of two alloys were determined and found to ap- 
proximate those obtained by sand casting methods. The values 
obtained for a 5 per cent silicon alloy ranged from 20,000 psi 
tensile strength and 9 per cent elongation (l-in. gage) for the 
lowest casting temperature (1175 F) to 15,500 psi and 5 per 
cent for the highest casting temperature (1615 F). These prop- 
erties were improved by the utilization of chills and by modi- 
fication of the melt with sodium just before pouring. An alloy 
which contained 4 per cent copper in addition to 5 per cent 
silicon was found to develop 23,000 psi tensile strength and 3.8 
per cent elongation when the pouring temperature was con- 
trolled at 1210 F. This alloy, however, was found to be rela- 
tively insensitive to pouring temperature. In order to use the 
lower mold temperature required for making aluminum invest- 
ment castings, it was necessary to develop a wax elimination 
procedure for melting out the wax in an atmosphere of satur- 
ated steam. 


Introduction 


The data reported here represent the second phase 
of a program to obtain alloy properties of investment 
castings. The work published earlier’? concerns rep- 
resentative copper-base alloys. Investment casting of 
aluminum-base alloys requires some change in the 
technique which is successfully used for copper-base 
alloys. 

It is well known that the properties of cast alum- 
inum alloys are quite sensitive to the rate of freezing. 
This indicates the desirability of using low mold tem- 
peratures and minimum pouring temperatures. A 
method for using retained moisture in the mold to 
produce a chilling action has been described in a 
previous paper.® 

The drawback in the use of low mold temperatures 
with the standard dry investment is the tendency for 
cracks to develop in the mold. These cracks are 
generally caused by the contraction stresses which 
accompany the lowering of the mold temperature 
from the point at which wax residue is eliminated. 


Methods and Materials 


1. Specimens—The standard 0.252-in. diameter, 1- 


* Metallurgist, Pitman-Dunn Laboratories, Frankford Arsenal, 
Philadelphia. 
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in. gage length tensile specimen was used for these 
tests. Tensile and elongation data were obtained from 
these cast-to-size specimens and a few unbroken speci- 
mens were set aside for density determinations. Other 
specimens were sectioned and etched to determine 
grain size and soundness. Specimens for microstruc- 
tural examination were obtained by cutting a trans- 
verse section from the gage length of an unbroken 
specimen. Hardness data were obtained on the longi- 
tudinal section used for the macrostructure examina- 
tion. 

Wax patterns of the tensile specimens were made 
by injecting into a machined brass die having four 
cavities. Figure | shows the die with a wax pattern 
still retained in one half. 

The patterns were mounted on a rubber base for 
a 3-in. diameter mold. Eight patterns were mounted 
on each base for top pouring and a relatively large 
sprue was provided to feed the castings. Figure 2 
shows the sprue base with the specimens mounted 
ready for investment. 

2. Investment—The patterns were invested with a 
standard proprietary material. This material consists 
of approximately 70 per cent silica and 30 per cent 
plaster of paris. Water added to make the pouring 
slurry was 50 per cent of the weight of the dry in- 
vestment. The.slurry was vacuumed to remove en- 
trapped air bubbles. 

The generally recommended method for eliminat- 
ing the wax and curing the investment is: (1) heat 
the mold in an inverted position at 180 to 200 F for 
2 hr to melt out the wax; (2) raise the temperature 
gradually to 1200 to 1350 F to calcine the investment 
and burnout the residual wax; (3) lower the mold 
temperature gradually to the level desired for the 
pouring operation. This procedure is successful with 
copper-base alloys for which the mold temperature 
at pouring is generally a minimum of 600 F. How- 
ever, when the molds are reduced in temperature to 
the 250 to 350 F level as is desirable for aluminum- 
base alloys, considerable cracking occurs. 

In order to overcome cracking, a reduction in burn- 
out temperature was desirable. By this means thermal 
expansion and contraction effects, which are associ- 
ated with cracking, could be kept to a minimum. 
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However, even a small reduction in burnout tempera- 
ture increased the burnout time prohibitively. If a 
greater amount of wax could be removed than is ac- 
complished by the standard procedure, an appreci- 
able reduction in the burnout temperature would 
result. The function of the burnout oven would 
then be restricted to calcining the mold rather than 
oxidizing the considerable amount of carbonized wax 
that ordinarily remains in the investment. 

When the mold is subjected to the preliminary 
heating necessary to liquefy and drain the wax, much 
of the mechanically held water in the investment is 
driven off, leaving a network of voids throughout the 
mold. As the wax becomes liquid, these capillaries 
apparently draw much of it into the mold before the 
wax has had an opportunity to drain, thus account- 
ing for the small volume of wax collected during 
this cycle. 

It is apparent that the capillaries should be pre- 
vented from forming until the liquid wax can drain 
completely from the mold. By more efficient wax 
elimination, a reduction in the final burnout tempera- 
ture would be possible because (a) the amount of 
carbonaceous residue would be reduced and (b) the 
residue would be confined to the surface of the mold 
cavity and consequently could be more rapidly oxi- 
dized. 

Accordingly, several invested molds were heated in 
an atmosphere saturated with water vapor. Under 
these conditions, an equilibrium was established be- 
tween the moisture in the atmosphere and that in the 
mold which kept the mold saturated with sufficient 
water to prevent the capillaries from forming. In 


Fig. 1—Exploded view of tensile specimen die showing 
the wax patterns imbedded in one half. 
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Fig. 2—Arrangement of wax tensile specimen patterns on 
rubber sprue base. 


order to facilitate further the removal of wax, the 
meltout temperature was raised by performing th¢ 
operation in an autoclave with superheated steam at 
15 psi pressure (approximately 250 F). 

The wax recovered from this operation accounted 
for 98 per cent of the original weight of the wax 
sprues and patterns, 

With molds prepared under these conditions, it 
was possible to complete the final burnout operation 
at 600 F for 24 hr or 800 F for 2 hr. When these 
molds were cooled to the proper temperature for 
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casting (250 to 400 F), cracking in most instances 
was eliminated entirely or confined to very small 
hairline cracks. 

3. Melting and Casting—The metal was melted in 
a No. 2 clay-graphite bottom-pour crucible by means 
of 30 kw high frequency induction furnace. No flux 
was used and the oxide skin which formed on the 
surface of the molten metal was skimmed away be- 
fore each pour. 

Pressure for casting was obtained by means of a 
suction casting machine which has been described.* 

Various pouring temperatures were used ranging 
from 10 to 450 F above the liquidus. A mold tempera- 
ture of 250 F was standardized for this work although 
several castings were made using molds at room tem- 
perature and at 400 F. However, it is not usually 
practical to allow the flasks to cool much below 250 F 
because of the hygroscopic nature of the investment. 

The effects of copper chills in contact with the 
castings was determined at the 250 and 400 F mold 
temperatures. The chills, approximately 14-in. dia- 
meter and 4 in. long, were placed at the extreme 
end of the specimen by attaching them to the wax 
and investing the assembled cluster. After melting 
out, the chills were retained in the investment and 
were located so that one face would come in contact 
with the molten metal as it filled the mold. 

4. Alloy Composition—The first of the aluminum 
group to be investigated was the widely used alloy 
containing 5 per cent silicon. Since this alloy had al- 
ready found extensive use in this country for sand, 
permanent mold and die casting, the properties de- 
veloped by investment casting can be readily com- 
pared with the properties developed by the other 
methods of casting. This alloy is designated in ASTM 
Spec. B179-51T as Alloy S5A. 

In selecting an alloy to represent the ternary alum- 
inum-copper-silicon system, it was decided to deter- 
mine the effect of the addition of 4 per cent copper 
to the binary composition being studied. This alloy 
is designated in ASTM Spec. B179-51T as Alloy 
SC64A. 

Chemical and spectrographic analyses were made 
of the ingot metal used to cast these specimens and 
they were found to conform with the specifications. 
The ingot compositions are shown in Table 1. 

1. Tensile Strength and Elongation 
a. Al-Si Alloy. Tensile strength and elongation de- 


TABLE 1—CHEMICAL ANALYSIS OF INGOT METAL 








Composition, % 


AL-Si Alloy Al-Si-Cu Alloy 


ASTM Spec. ASTM Spec. 
B179-51T B179-51T 
Element Alloy S5A Analysis Alloy SC64A = Analysis 


Cu 0.1 max 0.05 ~ 4.0-5.0 4.10 


Si 4.5-6.0 5.22 5.0-6.0 5.05 
Fe 0.6 max 0.53 0.8 max 0.45 
Mg 0.05 max 0.01 0.1 max 0.05 
Mn 0.3 max 0.01 0.5 max 0.05 
Sn 0.05 max 0.03 ni 0.05 
Ni 0.05 max 0.05 _. 0.05 
Zn 0.3 max 0.03 1.0 max 0.05 
Cr 0.05 max 0.03 Sows 0.03 
Ti 0.2 max 0.03 0.2 max 0.03 


Al Remainder Remainder Remainder Remainder 
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Fig. 3—Effect of pouring temperatures on properties of 
investment-cast 5Si- Al-Si alloy. Mold temp.—250 F. 


creased with increase in pouring temperatures. The 
data are shown graphically in Fig. 3 and each point 
represents the average of four to six determinations. 
For the 250 F molds the highest average values of 
19,900 psi tensile strength and 9.1 per cent elonga- 
tion were recorded for the castings poured at 10 F 
above the liquidus (1175 F). The lowest values, 15,- 
500 psi tensile and 5.1 per cent elongation were ob- 
tained for the castings poured at 450 F above the 
liquidus (1615 F). 

These values compare favorably with those ob- 
tained in sand castings although they are approxi- 


Fig. 4—Effect of pouring temperatures on properties of 
investment-cast 4Cu, 5Si Aluminum alloy. Mold temp.— 
250 F. 
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considerably. A small addition of sodium metal : 
the melt just before pouring increased the elong: 
tion values to 13.0 per cent and also moderately in 
proved the tensile strength. By heat treating th: 
sodium-modified castings at 1040 F for 48 hr, averag: 
elongation values of 22.4 per cent were obtained 
however, the tensile strength declined to less tha 
15,000 psi. These data are shown in Table 2. 











Taste 2—-Errect oF SopiuM MObpIFICATION ON 5‘ 
SILICON-ALUMINUM ALLOY 







































Pour Mold Tensile 
Temp, Temp, Strength, Elongation,% 
F F psi (l-in. gage) Treatment 
1250 350 20,100, 13.0 Na Modified 
1250 350 14,470 22.4 Na Modified 


and 
Heat Treated 





b. Al-Si-Cu Alloy. Tests on this alloy revealed that 
the tensile strength is only moderately affected by 


Fig. 6-—Microstructure of transverse sections of invest- 

ment-cast 4Cu, 5Si aluminum alloy tensile specimens. Mag. 

50x (top) and 250x (bottom). Mold temp.—250 F; Pour- 
ing temp.— 1260 F. Etch—Fe(NO;).. 





Fig. 5—Microstructure of transverse sections of invest- 

ment-cast 5Si aluminum alloy tensile specimens. Mag. 

50x (top) and 250x (bottom.) Mold temp. 250 F; Pouring 
temp.—1265 F. Etch—Keller’s reagent. 


mately 5000 psi lower than the tensile strength of 
permanent mold castings and approximately 10,000 
psi lower than die castings.* 

It was possible to produce slightly stronger castings 
by utilizing a room temperature mold. However, 
this practice is ill advised because any moisture ab- 
sorbed by the mold at room temperature will turn 
to steam during the casting operation. This may re- 
sult in defective castings. The mold poured under 
these conditions gave specimens which averaged 20,- 
200 psi and 6.5 per cent elongation as compared with 
18,800 psi and 7.7 per cent elongation for the 250 F 
mold. Both molds were poured with metal 50 F above 
the liquidus (1315 F). 

The mold which contained chills gave average 
values of 19,500 psi tensile strength and 8.4 per cent 
elongation for the 250 F mold and 19,200 psi tensile 
and 9.3 per cent elongation for the 400 F mold. 

Sodium modification of this composition was tried. 
This treatment improves the ductility of the alloy 
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increase in pouring temperature. The highest aver- 
age values obtained, 23,000 psi for the 1210 F pouring 
temperature, exceeded the average values obtained 
with pouring temperatures of 1160, 1260, 1310, and 
1360 F by less than 500 psi. The 1450 F temperature 
did produce a significant decrease in tensile strength, 
the specimens averaging 21,500 psi. The highest duc- 
tility (4 per cent in | in.) was found in the specimens 
poured at 1260 F, with the lower casting tempera- 
tures yielding between 3.2 and 3.8 per cent and the 
higher temperatures between 2.7 and 2.9 per cent. 
The best combination of tensile properties was ob- 
tained at the 1210 F temperature, elongation being 
3.8 per cent and tensile strength 23,000 psi. 

These data are shown graphically in Fig. 4 and 
also represent the average of four to six determina- 
tions. Hardness readings, taken on longitudinal sec- 
tions of the tensile specimens, and density are also 
shown in Fig. 4. 

Examination of the microstructure of the trans- 
verse sections of the tensile specimens revealed that 
the structures produced by the various casting condi- 
tions were similar. The only variation noted was a 
slight coarsening of the microstructure with increase 
in the pouring temperature. 

Figure 5 shows the microstructure of the 5 per cent 
silicon specimen which was cast into a 250 F mold 
from a pouring temperature of 1265 F. These micro- 
graphs reveal a coarse eutectic structure consisting 
of plate-like silicon constituents in a matrix of alpha 
solid solution. 

Figure 6 shows the microstructure of the 5 per 
cent Si-4 per cent Cu specimen which was cast from 
1260 F melt. This specimen was etched with 
Fe (NOs) 3 and the structure is shown at 50 and 250 
magnifications. The higher magnification micro- 
graph shows approximately equal areas of silicon and 
CuAl, constituents in a matrix of alpha solid solu- 
tion. The dark etching constituents is the CuAl, and 
the gray etching constituent is the silicon. 

2. Macrostructures 

The macrostructures of the tensile specimens cast 
from various pouring temperatures are shown in 
Figs. 7 and 8. Coarsening of the grains appears to be 
a regular function of the pouring temperature. The 
fine grain size for the lowest pouring temperature is 
in marked contrast with the extremely coarse struc- 
ture found above 1450 F. 

In view of the similarity which exists between the 
microstructure of the specimens, the grain size may 
be responsible for the variations in tensile properties 
previously discussed. 

Some porosity in the castings may be noted al- 
though this condition is not thought to be of suf- 
ficient severity to affect the properties appreciably. 


Discussion 


Results obtained on tensile properties indicate that 
solidification rate is the most significant factor which 
affects properties. This factor also is apparently re- 
sponsible for the major differences in properties ob- 
tained by the various methods of casting (sand, in- 
vestment, permanent mold and die). 

The comparative thermal properties of various 
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mold materials have been illustrated by Taylor and 
Wick in their work showing the chilling power of 
these mold materials. Their results show the vast 
difference in the heat extracting power characteris- 
tics of sand, plaster, graphite and steel. The plaster 
has the least thermal conductivity with sand, graphite 
and steel having increased conductivity in the orde) 
named. 

Mondolfo® has placed the following limits on the 
tensile properties of the aluminum-copper-silicon and 
aluminum-silicon alloys: 








Al-Cu-Si Al-Si 
Tensile Elonga- Tensile Elonga- 
Strength tion Strength tion 
1000 psi %in2in. 1000 psi % in2in. 
Sand Cast 20-25 1-3 17-25 3-8 
Permanent Mold 25-35 1-5 20-28 3-10 
Die Cast 30-35 1-3 25-32 1-5 


Reference to Figs. 3 and 4 indicate that the invest- 
ment-cast properties fall in the lower range of Mon- 
doldfo’s limits for the sand-cast properties. This cor- 
relates with the heat conductivity data of Taylor and 
Wick. 
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DISCUSSION 


Chairman: Htram Brown, Solar Aircraft Co., Des Moines, 
Iowa. 

Co-Chairman: W. E. Sicha, Aluminum Co. of America, Cleve- 
land. 

Recorder: HikaAM Brown. 

HirRAM Brown (Written Discussion): The authors are to be 
congratulated on the excellent data presented in their paper. 
However, this is not unexpected since most of us are already 
familiar with the excellent work they have done on the invest- 
ment casting of copper-base alloys. The authors should also be 
congratulated upon using the title “Investment Casting” rather 
than “precision casting” which is so commonly used by others. 
Most of the comments presented in this discussion are more in 
the nature of corroboration than disagreement. 

In the work which we did in the investment. casting of 
aluminum alloys, we used the direct pour set up, having the 
test bars fastened directly to the button type sprue as shown 
in the authors’ paper. We found this to be much better than 
indirect types of pouring for aluminum alloys. Instead of eight 
bars per sprue, however, we used only four, and we used direct 


2 Company Chief Metallurgist, Solar Aircraft Co., Des Moines, Iowa. 
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yressure applied from a pressure head rather than suction. 
Jur investment was essentially the same consisting of 70 per cent 
ilica and 30 per cent plaster. These remarks are made to show 
hat our procedures were similar, so it is felt that some compari- 
son of the results is warranted. 

The use of atmosphere saturated with water vapor to prevent 
he formation of capillaries during wax removal seems an ex- 
cellent idea. The use of an autoclave with superheated steam at 
15 psi pressure and 250 F is even better and approximates the 
practice used by other people who melted out wax patterns by 
the use of steam impingement on the mold. The presence of the 
saturated atmosphere raises the question of whether the authors 
reheated the molds after this treatment to drive off the mois- 
ture before placing the molds in the furnace for burn out at 
600 F. If not, did they encounter many explosions due to escap- 
ing steam during burn out which might, in turn, have affected 
surface finish. The addition of air or oxygen in the furnace 
during burn out has also been found helpful in eliminating 
carbon residue with either wax or plastic patterns. The use of 
steam to prevent capillaries does not appear necessary when 
plastic patterns are used due to the fact that viscosity of the 
plastic prevents its soaking into the capillaries during the pat- 
tern melt out operation. 

We also found it true that the properties of investment cast 
aluminum alloys would normally meet the requirements of sand 
cast specifications for these same alloys. It should be pointed 
out, however, that this takes into account the fact that the 
investment cast test bars are 0.252 in. in diameter and 1 in. in 
gage length as compared with the normal 0.505 in. diameter and 
2 in. gage length standard sand cast bars. It is very much to be 
doubted that 14-in. diameter investment cast test bars would 
meet the sand cast requirements for that same size of bar. How- 
ever, due to the fact that most investment castings are thinner 
and smaller than sand castings, the 14-in. diameter test bar is 
usually considered representative of this process. 

The authors state: “It is well known that the properties of 
cast aluminum alloys are quite sensitive to the rate of freezing. 
Chis indicates the desirability of using low mold temperatures 
and minimum pouring temperatures.” It is believed that this 
should be qualified a little since much data indicates that there 
is a fairly wide range of pouring temperatures and mold tem- 
peratures for some alloys that will give comparable results. The 
authors found that the properties of their 5 per cent silicon 
alloy dropped rapidly with increased temperature but the 5.5 
silicon and 4.5 copper alloy did not change a great deal insofar 
as tensile strength is concerned over about a 200 F pouring 
range. Table I attached to this discussion indicates results ob- 
tained on three different aluminum alloys in which the pouring 
temperature was varied in each case 75-100 F. The tensile and 





Fig. A—Note beta phase aluminum-magnesium encircled. 







TABLE 1—EFFECT OF METAL TEMPERATURE ON 
‘TENSILE PROPERTIES 





Alloy Metal Temp. Tensile, Elongation 
ASTM B179-51T Commercial °F psi % in 1 in, 
C4A—As-cast 195—As-cast 1350 13,000 1.0* 
1325 22,500 2.5 
1300 22,800 4.0 
1275 22,700 3.5 
1250 22,100 4.0 
$C51A—As-cast 355—As-cast 1350** — ail 
1300 26,719 1.0 
1275 26,762 1.0 
1250 26,262 1.0 
1225 25,900 1.0 
7G61A— 40E—10 Days 1350 35,200 12.0 
10 Days Room Room Tem- 1325 35,200 11.0 
remperature perature 1300 34,500 11.0 
1275 34,600 12.0 
1250 35,100 11.0 


* Coarse, dendritic structure. 
** Temperature allowance too low and metal was 1300 F when 
it reached first mold. 





ductility of two of them were affected very little over this range, 
whereas the third one indicates that its pouring range for opti- 
mum results cannot extend more than 50 F. This indicates that 
some alloys are more sensitive than others in regard to pouring 
temperature. 

Table 2 indicates the effect of mold temperature on tensile 
properties of the same three alloys shown in Table 1. The 
mold temperatures used were 400 F and room temperature, 
respectively. The same two alloys that showed relative insensi- 
tivity over the pouring range shown in Table 1 also indicated 
relative insensitivity to the variation in mold temperature from 


TABLE 2—EFFECT OF MOLD TEMPERATURE ON 
TENSILE PROPERTIES 








Metal Mold Tensile, Elonga- 
Alloy Temp. Temp. psi tion 
ASTM B179-51T Commercial °F oF % in 1 in. 
C4A-—~As-cast 195—-As-cast 1300 400 19,400 4.0 
1300 Room Temp. 23,800 3.0 
SC51A—As-cast 355—As-cast 1300 400 29,072 1.0 
1300 Room Temp. 29,226 1.0 
ZG61A—10 Days 40E—10 days 1300 400 33,400 11.5 
Room Temp. Room Temp. 1300 Room Temp. 33,000 10.0 








Fig. B—Note almost complete absence of beta phase. 
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400 F to room temperature, whereas the other alloy again 
showed that it was affected by this difference in temperature. 

One of the alloys which had shown relative insensitivity to 
pouring temperature and mold temperature in Tables 1 and 2 
was selected for further experiments in which the mold tem- 
perature was varied from 800 F to room temperature. It was 
found that no detrimental effect of increased mold temperature 
was found until the temperature of 800 F was reached. Since 
these sets of bars were poured from different melts of metal at 
different times, no direct comparisons can be made but the evi- 
dence would seem to indicate that in the case of this alloy at 
least, the quite wide range of mold temperature was possible 
without seriously affecting tensile properties. 

In examining the microstructures of the specimens discussed 
in Table 3, several interesting facts were observed. First of all, 
grain size did tend to be slightly coarser as mold temperature 
increased. Secondly, the microstructure changed as mold 
temperature varied. With the mold temperature of 800 F, there 
were large areas of what appeared to be beta phase aluminum- 
magnesium. This is shown in Fig. A. The presence of this 
phase decreased as mold temperature decreased and was prac- 
tically non-existent at 400 F as shown in Fig. B. 

There is a great deal of work yet to be done on the invest- 
ment castings of aluminum alloys, particularly in regard to ob- 
taining x-ray sound castings. I am sure that work such as that 


INVESTMENT CASTING OF ALUMINUM 


TABLE 3—EFFECT OF MOLD TEMPERATURE ON 40E ALLOY 





Alloy Mold 
ASTM ’ Temp. Tensile Elongation 
B179-51T Commercial Aging ° oF psi % in lin 
ZG61A 40E 21 Days 3 800 33,400 8.0" 
R.T. 1300 600 12.0 


ZGS51A 40E 21 Days 1300 600 

zy. 1300 400 
Days 1300 600 
ty 1300 500 
- A 1300 400 


ZG61A 40E 21 
R 
R 


_ 
MOS oe 
“uno oo 


ZG61A 40E 21 Days 1300 400 
R.T 1300 R.T. 


=S 
uo 


* Bars showed shrinkage porosity. Each set poured from different heat of 
metal. 





being done by Mr. Rosenthal and Mr. Lipson will be of great 
assistance in this field. 

Mr. Lipson: In answer to Mr. Brown, the paper stated that 
after the wax had been removed by steam in the autoclave, the 
pressure was reduced and the flasks were allowed to stand over- 
night at room temperature. This appeared to be sufficient 
insofar as drying was concerned, and no trouble was encoun- 
tered from metal reaction with steam after this treatment. 

















SUBSTITUTION OF BORON FOR ALLOYS IN CAST STEELS 


Ray A. Dyke, Jr., and C. K. Donoho* 


ABSTRACT 


Boron in cast steels substantially increases the hardenab‘lity 
in carbon and low-alloy compositions essentially as it does in 
wrought steels. With tempering temperatures as high as 1200 F 
the effect of boron is largely lost. “Fading” of boron has not 
been found to be a serious problem with normal precautions. 
The effect of boron on mechanical properties is about as would 
be expected from the hardenability increase. One useful appli- 
cation is discussed in which a boron steel is substituted for a 
4340 type composition with substantial savings in alloys-and 
in cost. 


The use of boron in wrought steels to conserve 
other alloys such as manganese, chromium, nickel and 
molybdenum has been thoroughly tested and well 
substantiated in practice. A few thousandths per cent 
of boron increases hardenability as much as several 
tenths per cent of the usual hardenability alloys. 
This use of boron in the steel mills is well justified 
economically as well as for alloy conservation. In 
the smaller heats of the steel foundries the savings 
are less obvious, and relatively little information has 
been developed on cast boron steels. 


Hardenability 

Portions of several heats of acid electric steel were 
treated with boron to test the effect on hardenability 
and other properties. These heats were deoxidized 
at tap with 2 lb per ton (0.10 per cent) of alumi- 
num. Boron was added in shank ladles as 17.5 per 
cent ferro-boron along with 0.05 per cent additional 
aluminum. About the maximum boron effect was 
found with an addition of 4 lb per ton (0.025 per 
cent) of ferro-boron, which is 0.0045 per cent boron. 

Three types of specimens for the standard end- 
quench hardenability test were tried. Specimens 
were obtained by (1) machining from normalized 
and tempered keel block coupons; (2) casting the 1- 
in. diameter specimen in split cast iron molds; and 
(3) sand casting the specimen in baked oil sand 
cores. If the cast specimens (2) and (3) are normal- 
ized before end-quenching they are found to be as 
reliable and reproducible as the machined specimen. 
For convenience the sand cast specimen was used in 





* Metallurgical Assistant and Chief Metallurgist, respectively, 
American Cast Iron Pipe Co., Birmingham, Ala. 
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Fig. 1—Oil sand mold and cast end-quench specimen. 


these tests. A typical mold and cast specimen are 
shown in Fig. I. 

Figure 2 shows end-quench hardenability curves for 
five typical] steels with and without boron. These 
were determined on |-in. round sand cast bars normal- 
ized from 1650 F before end-quenching from 1600 F. 
As in wrought steel experience, the hardenability is 
definitely increased by the boron in every case. Some 
quenching tests (Table I) on bars and castings con- 
firm the evidence of the curves. 

Wrought steel experience has shown that much of 


TABLE 1—STEEL QUENCHING AND HARDENABILITY 





Brinell Hardness 











Steel Casting Treatment No Boron With Boron 

1025 l-in. coupon Water quench 223 388 

1045 l-in. coupon Oil quench 302 627 

8645 4-in. section Oil quench 387 532 
castings 
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Fig. 2—End-quench curves for typica! 
43 cast steels. 
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the boron effect in quenched steel is lost when high 
tempering temperatures are used. Figure 3 shows 
hardenability curves of a low alloy cast steel with 
and without boron, as-quenched and after tempering 


















































at the indicated temperatures. At 800 F tempering ; 
the boron effect is marked, but at 1200 F the effect is *, 20 ~ 
=_—,..2 e . e ° ° . ° 2 ° 
almost completely lost. This is a serious limitation 4 ; 
since many cast steel parts normally are tempered at z 800°F 
91 " . 5 6o- —— 
around 1200 F. 
60 +— 
= 
Boron Recovery and Fading so} =~ 
In the heats where granular ferro-boron is added aol b. Tex r74 
to the shank ladle with some aluminum shot very - tot ; ra 
consistent recovery is obtained. Spectrographic analy- DISTANCE FROM QUENCHED END in INCHES 
ses (which show total boron) indicate boron recov- % COMPOSITION 
2 Cm F&F S$ So Me Oo NM A COB 
eries of over 90 per cent. Boron can be added at the WITH BORON A3 59 036.039 2973 10 43 52 086 0030 
e ° . THOUT 44 6 O86 7 
tap if precautions are used to insure that the alloy ee a ae ore eo Oe ae ee 


gets into the steel rather than in the slag. On one 
4000-Ib heat of 86B45 steel the boron (0.0045 per 
cent B) was added with the aluminum at the tap. 


Fig. 3—End-quench curves for a low alloy cast steel. 











































Spectrographic samples at 5, 8 and 18 min after tap 008 08 

showed 0.0042, 0.0037 and 0.0043 per cent boron, . BOR ¢ ‘ | | 

respectively, for approximately 90 per cent average z aaa - 

recovery. Aluminum content of this heat was at so ted Bet Opens ; 062 

about the 0.12 per cent range. e~. ~¢ 7 
Another arc furnace heat of 86B45 steel samples at 2004 - is i Risa fe ME 04 = 

1, 9 and 20 min gave boron contents of 0.0030, 0.0032 4 rau 4 , 2 

and 0.0031 per cent, for a lower recovery but still ° Le nome! ‘ 

no evidence ‘of “fading’’ (Table 6). = .002+—— —- : Seehe RS nn 02 44 
A test heat was run in an acid-lined induction fur- ed ? 

nace to determine the extent of the “fading” of bor- pe Bee oY ESE | re) 

on with time. Boron and aluminum in somewhat 0 10 20, 30 


TIME IN MINUTES 


higher than normal amounts were added to the molt- 
en bath in the furnace. With the bath held at 2900 
F, successive samples for spectrographic ‘analysis were 
cast for 30 min. Figure 4 shows that there is no 
serious loss of boron until the aluminum content had 
dropped below 0.02 per cent. Apparently the pres- TREATED Cast STEELS 
ence of aluminum in the steel tends to protect the 


Fig. 4—Fading of boron at 2900 F temperature. 


TABLE 2—TENSILE TESTS ON PLAIN AND BORON 








boron from oxidation. . Steel Heat asa Waele Ely Boh, 

: . No. Type Treatment 1000 psi 1000 psi % % Bhn 

Mechanical Properties yi ro aa op eee. — 

(1) 1025 WQ-800T 93.6 712 196 348 201 

The effects of boron on tensile properties are gen- 1025 + B WQ-800T 108.7 70.9 15.6 27.9 233 

erally as would be expected from the increased hard- (2) 1330 0Q-1100T 130.0 1042 15.3 30.0 262 

enability. Table 2 shows some typical results for 1330+ B OQ-1100T 1392 1216 12.0 262 273 
several steels as obtained from 1-in. section keel block 

pet he ere a es k , , ock (8) 8030 0Q-1200T 1178 93.7 182 345 248 

pons. Quenc ed and tempered bars of boron 8030+ B OQ-1200T 129.5 106.7 14.3 37.4 » 262 
steels tend to be higher in strength and hardness and 

(4) 8645 Normalized 126.2 695 143 293 283 


correspondingly lower in ductility. In the higher 
hardenability steels (No. 4) there is some strength 
improvement even with normalized bars. When the (5) 
boron treated steel is tempered at a higher tempera- 


8645 + B Normalized 137.5 90.0 8.1 m2. 377 


1045 0Q-800T 145.6 102.0 8.6 85 302 
1045+ B OQ-800T 145.8 93.7 119 203 298 














Sows we ee 





R. A. Dyke, JR. AND C. K. DoNoHO 


TABLE 3—IMPACT TESTS ON PLAIN AND BORON TREATED 
Cast STEELS 





Impact—ft/lb 
Charpy V-Notch 


Steel Heat eis 
No. Type Treatment Bhn = at70F at—40F 
Gd) 102 £woQso0Tr* 2201 37 17 
1025 + B WQ-800T* 223 7 9 
, : 36 19 
2 33 Q- * 262 . ; 
(2) 1330 0Q-11001 j 31 -. 
a ™ ie 20 10 
1330 + B 0Q-1100T 273 93 8 
. 15 10 
4 645 Pe. * 302 ‘ 
(4) 8645 0Q-1100T 30! 19 14 
nar , . 18 10 
8645 + B OQ-1100T* 316 14 12 
(5) 1045 OQ-800T* 302 12 10 
1045 + B O0Q-1000T * 297 12 5 
28 
(6) 1025 WQ-800T ** 241 97 
1025 + B WQ-800T** 341 12 
30 
or 9 
1025 +. B WQ-1000T ** 241 31 


* Heat treated as 1-in. coupon bar. 
** Heat treated as 10-mm Charpy bar—then notched. 





ture to give hardness equivalent to that of the plain 
steel there may be an improvement in ductility (No. 
5 of Table 2). 

A limited number of Charpy V-notch impact tests 
are shown in Table 3. The effect of boron generally 
is to increase the hardness of the heat treated bars 
and consequently to lower the impact strength. When 
the hardness is considered the specific effect of boron 
on room temperature impact does not appear to be 
deleterious. As shown in test No. 6 of Table 3, when 
the boron steel is tempered to an equivalent hard- 
ness the room temperature impact strength may be 
increased. There is some indication that even at a 
given hardness level the low temperature impact 
properties of the boron treated steels are lower. 

Most of these boron steels contained an excessive 
amount of aluminum, and it is possible that improved 
deoxidation techniques can be developed for boron 
steel that will give improved ductility and impact 
strength. In this connection it is possible that some 
of the complex boron addition agents will give better 
results than the ferro-boron which was used here to 
limit the number of variables as far as possible. Table 


799 






4 gives chemical compositions of the heats from which 
tests were shown in Tables 2 and 3. Numbered lines 
in Table 4 correspond with those in Tables 2 and 3. 


Applications 


One definite useful application for boron cast steels 
is in production use at this foundry. Some equip- 
ment castings such as wheels and rollers of 3- to 4-in. 
section have been cast of 4340 alloy steel for harden- 
ing by oil quenching (Fig. 5). It has been found 
possible to substitute 86B45 steel, which has equival- 
ent hardenability to 4340, at considerable saving in 
alloys and in cost. A comparison of the alloy con- 
tent of these two steels is shown in Table 5. 

Net dollar saving by substituting the boron steel 
amounts to over $18.00 per ton. It is not claimed 
that the 86B45 steel is in every way equivalent to 
1340, but for simply hardening in an oil quench there 
is no apparent difference. Figure 6 shows harden- 
ability curves of seven of the 86B45 cast steels com- 
pared with the extremes of hardenability of SAE 
4340 wrought steel composition. The cast boron steels 





Fig. 5—Equipment castings made in 4340 or 86B45 steel. 


TABLE 5—ALLOY CONTENT COMPARISON 





Alloy Content, Per Cent 








Steel Ni Cr Mo B 
4340 1.75 0.75 — | oe. 
86B45 0.55 0.65 0.11 0.005 
Saving, % 1.20 0.10 0.14 
$ per ton saving 14.40 0.60 3.70 —0.60 





‘TABLE 4—CHEMICAL COMPOSITION OF PLAIN AND BORON TREATED STEELS MECHANICALLY TESTED 











Steel aa . —s Composition, Per Cent oe eee ee AS. 2 es Sve eee 
No. Type C Mn P S Cr Mo Ni Cu Al B 
(1) 1025 0.25 0.48 0.037 0.039 0.55 0.044 0.14 0.057 
1025 + B 0.25 0.48 0.037 0.039 0.55 0.044 0.14 0.096 0.0038 
(2) 1330 (Mod.) 0.30 1.40 0.039 0.029 0.69 0.26 0.27 0.13 0.089 <0.0006 
1330 + B 0.28 1.39 0.039 0.029 0.67 0.28 0.25 0.12 0.101 0.0040 
(3) 8030 0.30 0.80 0.029 0.045 0.57 0.25 0.140 0.42 0.11 0.090 
8030 + B 0.30 0.82 0.026 0.040 0.58 0.25 0.140 0.42 0.11 0.090 0.0018 
(4) 8645 0.43 0.81 0.025 0.034 0.66 0.67 0.097 0.72 0.12 0.074 <0.0006 
8645 + B 0.43 0.84 0.025 0.045 0.70 0.61 0.102 0.72 0.12 0.116 0.0048 
(5) 1045 0.46 0.74 0.020 0.042 0.04 0.11 0.110 
1045 + B 0.46 0.74 0.020 0.042 0.04 0.11 0.160 0.0035 
(6) 1025 0.27 0.37 0.031 0.026 0.05 ~ 0.10 0.028 <0.0005 
0.031 0.05 0.0045 























TABLE 6—CHEMICAL 





CoMPOSITION OF 86B45 Cast STEELS 


SUBSTITUTION OF BORON FOR 














Composition, Per Cent 


































* Elapsed time after FeB addition. 


No. C Mn P - Si Cr Mo Ni Cu Al B mir 
ety 0.00425 
57846 0.446 1.02 0.032 0.031 0.72 0.70 0.148 0.65 0.14 0.122 0.0037 & 
0.0043 18 
0.0030 l 
38701 0.436 0.84 0.039 0.038 0.51 0.73 0.12 0.61 0.12 0.100 0.0032 q 
0.441 0.0031 2 
K202 0.429 0.67 0.037 0.042 0.75 0.91 0.078 0.71 0.134 <0.015 0.0046 
0.424 0.077 
38747 0.450 0.87 0.87 0.041 0.57 0.74 0.23 0.68 0.13 0.031 0.0036 
0.445 0.22 0.73 
38748 0.422 0.92 0.92 0.028 0.58 0.78 0.26 0.76 0.13 0.050 0.0035 
0.422 0.26 0.73 
$8752 0.449 0.95 0.020 0.034 0.52 0.68 0.12 0.66 0.12 0.054 0.0024 
0.444 
$8644 0.430 0.84 0.025 0.045 0.70 0.61 0.102 0.72 0.13 0.116 0.0048 
AISI 0.43/ 0.75/ 0.55 0.08 0.40/ 
0.48 1.00 0.75 0.15 0.70 
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are consistently to the high side of the hardenability 
range. Table 6 shows chemical composition of these 
heats. 

While these 86B45 cast parts harden by oil quench- 
ing just as well as did the previously used 4340 com- 
position, there is an advantage in the boron steel in 
the earlier heat treatment stage of softening for mach- 
ining. While the 4340 composition is difficult to 
soften, requiring an extended holding time of about 
1200 F, the 86B45 parts soften much more readily 
in a routine normalize and temper heat treatment 
and have given rise to few complaints for machine- 
ability. 

Conclusions 


1. Boron is an effective alloy for the steel foundry 
for achieving required hardenability with minimum 
alloy content and at reduced cost. 

2. Fading of boron during normal casting opera- 


Fig. 6—Graph showing end-quench hardenability curves 
for 86B45 cast steel. 
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tions is not a serious problem if ordinary precautions 
are used. 

3. Some study of deoxidation practice is required 
to determine the best practice to give maximum duc- 
tility and impact strength. 

4. Replacement of a 4340 type composition with 
a 86B45 steel for castings has been found to be con- 
venient and economical. 


DISCUSSION 


Chairman: C. B. JENNI, General Steel Castings Corp., Eddy 
stone, Pa. 

Co-Chairman: Date Hatt, Oklahoma Steel Castings Co., 
Pulsa, Okla. 

Recorder: L. H. HAHN, Sivyer Steel Castings Co., Chicago. 

E. A. Loria (Written Discussion):+ This is one of the first 
papers on the use of boron in cast steels. The effects of boron 
on hardenability are unique in several respects. These can be 
enumerated: (1) An extraordinarily small amount has a pow- 
erful effect on hardenability. (2) Its effect on hardenability 
varies considerably with the carbon content of the steel. (3) 
The nitrogen content, the choice of deoxidizers, and the negat- 
ing effect of high temperature heat treatment all have a definite 
influence on the effectiveness of boron. Considerable information 
on heat-treating grades of automotive wrought steels has been 
acquired and it appears that only in ineffectively treated steels 
have the real effects of boron been somewhat obscured. The 
comments on this paper will follow closely the sequence of 
topics therein. 

The cast steels under consideration were deoxidized with 3 
Ib per ton of aluminum. The relationship between the amount 
of aluminum used and the desired boron hardenability effect is 
an important one. In the case of wrought steel grades from 
0.20 to 0.70 pet carbon, an improved boron hardenability effect 
is obtained with higher amounts of aluminum. The linear 
trend for the boron multiplying factor for 50 pct martensite vs 
lb aluminum addition is shown in Fig. A. 

Recent work indicates that the use of two or more addition 
agents to the steel ladle instead of a single ferroboron alloy has 
considerable merit and the authors do acknowledge that some 
of the complex addition agents might give better results. It 
would be worthwhile to know what was the time elapsing be- 


1 Senior Engineer, Metallurgy, The Carborundum Co., Niagara Falls, N, Y. 
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Fig. A—Relationship between boron hardenability factor 
and aluminum deoxidation for wrought steels of 0.20-0.70 
pet carbon. 


tween the aluminum-boron additions and the pouring of the 
haidenability test bars and particularly the equipment castings 
made from the 86B45 steel. Also what was the pouring tem- 
perature in each case? 

The increased Brinell hardness values for the boron steels in 
Table 1 are noteworthy, particularly for the 4 in. section cast- 
ings. In regard to the latter do the two values represent surface 
hardness or center hardness? Could the center hardness for a 
6 to 8-in. section of 86B45 vs 8645 steel be given? 

The tempering experiments are interesting. The loss of the 
boron effect on tempering at 1200 F may be a serious limitation 
of boron steels for castings. The boron constituent in steel 
consists of a row of fine dots and it is absent in boron steels 
which have lost their boron effect through a high temperature 
treatment. Is the boron constituent absent in the 1200 F tem- 
pered steel? Would it be possible to get a better hardenability 
effect for the 1200 F tempered steel by raising its chromium 
content and perhaps lowering its carbon content, since the effect 
of boron decreases with carbon content? 

The writer would like to have seen both the boron analysis 
and hardenability fading results in arc furnace steel heats where 
the fixation of nitrogen because of the arc was accentuated and 
have the results not only for l-in. section bars but also for 
heavier, simultaneously cast sections. Since boron has an affinity 
for nitrogen like aluminum, what is the tendency for boron- 
treated steel to produce rock-candy fracture in cases where there 
is nitrogen absorption during melting and no titanium addition 
is made? Melting with a vigorous boil and a short time in the 
furnace after melt-down are conducive to low nitrogen absorp- 
tion. No nitrogen values are given in the paper and no mention 
is made of the necessity to make nitrogen inactive or insoluble 
with the addition of titanium. 

In any of their improperly or ineffectively treated steels, did 
the authors observe any streaks of very fine inclusions which are 
associated with rock-candy fractures? The streaks, observed with 
(.0025 pct boron, are hard to find in an unetched polished sec- 
tion but are attacked by almost any etching reagent. They are 
faintly visible in the unetched condition whereas the boron con- 
stituent associated with hardenability is never visible unless 
etched. These particles will not dissolve on austenitizing up to 
2000 F or be affected in quantity by heat treatment which is 
again contrary to the observations with respect to the boron 
constituent. They are believed to be oxidized boron formed dur- 
ing or shortly after the final stages of solidification, Perhaps 
the nitride may be actually formed as the streaks do resemble 
aluminum nitride which is associated with rock-candy or con- 
choidal fracture. 

It should be noted that the mechanical properties were ob- 
tained from 1 in. section coupons. Have the authors observed, 
in any of their work on improperly treated boron cast steels, a 
coarse dendritic structure which may produce an angular type 
of fracture with lower ductility? This has been noted on occa- 
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sion with 0.0030-0.0035 pct boron and 0.01 pct aluminum. Hot 
pouring temperature may be the contributing factor. Cooling 
velocity should be controlled as it has been shown that cooling 
velocity, after casting, may be an important factor and the 
greater the velocity the less is the embrittling tendency. For 
example, in test bars cast from the same heat of steel, those cut 
from heavy sections, say 6 to 8 in., will show conchoidal frac- 
tures while the standard | in. section bars will not show the 
embrittlement. 

In regard to the impact test results, did the authors study 
possible grain size variations? Experience in wrought steels indi- 
cates that 0.5 lb more aluminum than used without boron is 
necessary to get grain size control. Can the authors speculate 
on the cause for their conclusion that even at a given hardness 
level the low temperature impact properties of the boron 
treated steels are lower? Also what type of fracture is observed 
in such instances and would they comment on the inclusion 
structures? Perhaps some of the phenomena that have been 
described may be occurring. 

The statement is made that the boron steels studied contained 
an excessive amount of aluminum which probably means that 
type III sulphides were obtained in the test bars, and conse- 
quently ductility and toughness should have been adequate. 
Usually with intermediate amounts of aluminum, these proper- 
ties are lowered because the inclusions are then in the form of 
thin envelopes partially outlining the primary grains. Also 
would not nearly the amount of aluminum used be necessary to 
prevent pinhole porosity when producing green sand castings? 
In regard to improved deoxidation technique, the element of 
time in respect to final deoxidation may be of importance. In 
commercial heats, records should be kept on type of additions 
and the time of additions in relation to the tapping time. 

Finally the authors’ admission that the 86B45 steel is not in 
every way equivalent to 4340 steel should be accentuated. They 
have developed their own useful application. Nickel can be 
eliminated or at least used much more economically in many 
case-hardened and heat-treated steels. For heavier sections than 
their 3 to 4 in. equipment castings, its deep hardening effect 
cannot be attained with other elements such as manganese. In 
how heavy an alloy steel section have the authors’ been able to 
get the required hardenability with the partial substitution of 
boron for the other alloying elements? 


Discussion By W. W. AUSTIN 


Wm. W. AustTIN, JR. (Written Discussion):* The authors of 
this paper have done a commendable job in presenting in con- 
cise, useable form, several important conclusions concerning the 
use of boron in cast steels. Their findings on the relation be- 
tween aluminum content and fading effect, and their confirma- 
tion of adverse effects of high tempering temperatures, are par- 
ticularly noteworthy. 

The use of consecutive ladle additions of aluminum to protect 
the boron from oxidation or fading while pouring in the 
foundry is a simple and expedient method of insuring effective- 
ness of boron treatment. It is clear from the data shown that 
no serious loss of boron cccurs as long as the aluminum content 
of the metal is maintained at 0.04 to 0.05 per cent. 

As mentioned by the authors, further work on deoxidizers 
for use in conjunction with boron treatment should reveal even 
more effective means for protecting boron and improving 
strength and ductility. It is believed that deoxidizers like cerium 
or calcium-manganese-silicon would prove definitely beneficial 
in this respect. 

It is highly probable that any beneficial effect resulting from 
cerium or calcium-manganese-silicon deoxidation would also be 
reflected in improved impact properties. As pointed out by the 
authors, most of their boron treated steels contained compara- 
tively large quantities of aluminum, which is not conducive to 
maximum impact properties. Consequently, additional work on 
other deoxidizers should prove of value with respect to improved 
impact properties as well as in protecting the boron addition 
from fading effects. Work of this nature is presently being con- 
ducted in the writer’s laboratory but results are not yet available 
for publication. 

The influence of tempering temperature upon mechanical 
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properties of boron treated wrought steels has been studied 
with considerable interest. ‘The authors finding that boron 
treated cast steels suffer much greater loss of strength at a given 
tempering temperature than comparable alloy cast steels, serves 
to emphasize this important limitation of boron steels in gen- 
eral. With adequate knowledge of tempering behavior, however, 
boron cast steels should find ample usefulness in many applica- 
tions in spite of this characteristic. 

The substantial savings in alloy costs listed by the authors 
through substitution of boron for strategic and expensive alloys 
is most impressive. This factor combined with the advantage of 
relatively greater ease of softening for machining shown by 
boron steels over conventional alloy steels, presents an extremely 
convincing case in favor of the growing use of boron treatment 
for cast steels. 

C. K. Donono (Authors’ Closure): Mr. Loria’s discussion is 
very much appreciated and he brings up most of the “things 
we don’t know about boron cast steels.” Our study was intended 
to be a preliminary survey only, and, as such, is far from com- 
plete. 

We used 3 Ib per ton of aluminum to reduce the chance of 
boron “fading” and in this we were apparently successful. In 
Table 6 data is given for the first two heats on elapsed time 
after boron addition where equipment castings were made from 
86B45 steel. The pouring temperatures averaged around 2850 F. 

The hardnesses in Table 1 for the 4-in. section castings were 
taken near the surface in each case. However, a fairly accurate 
estimate of the hardness to be expected in any portion of a 
heavy section can be made from the hardenability curves in Fig. 
6 using the well established cooling rate data relating Jominy 
position to equivalent section size in oil or water quench. 


SUBSTITUTION OF BORON FOR ALLOys IN CAsT STEEIs 


It has been rather well established that nitrogen in stee} 
adversely affects the hardenability—increasing effect of boron 
It is probably just fortuitous that we did not encounter troub|: 
from this source with our raw materials and our melting prac 
tice. We have since encountered certain melting stock which did 
not give the expected hardenability increase with ferroboron 
additions, but responded normally to titanium-bearing boron 
addition agents. 

The fact that the low temperature impact properties of the 
boron treated steels are not high may be due to a number of 
causes such as inclusion type, hydrogen content, freezing rat 
etc. This phase particularly needs careful study. 

Dr. Austin’s discussion is welcome and to the point. We arc 
glad that Southern Research Institute is conducting a funda 
mental study of deoxidation techniques and will be most inte: 
ested in the results obtained. 

We agree with Mr. Strauss that inclusion distribution is more 
significant in cast than in wrought steels. Elimination of alum- 
inum will normally improve the inclusion type and give in- 
creased ductility but we believe we would have to have some¢ 
other strong deoxidizer as protection against boron fading. 

Mr. Tisdale’s comment as to improved machinability of boron 
steels is well taken. With the same quenching hardenability, the 
boron steels, as normalized, will be easier to machine. 

Mr. Berry’s experience with low hardenability in 10 per cent 
of his heats, which can be cured by using titanium, is very in 
teresting. Until control of nitrogen content is worked out 
better the use of titanium may be necessary for consistent results. 
The use of calcium alloys for improving ductility and impact 
strength is attractive and promising, as is also the use of rare 
earth metals. 














FLOWABILITY OF FOUNDRY SAND 
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ABSTRACT 


Techniques developed to date for measuring the flow char- 
acteristics of molding sands have not taken into consideration 
the flow mechanism involved; no true index of flowability ex- 
ists today whereby foundry sands can be dependably evaluated 
or compared. 

Strain studies have been conducted in the past on metal 
powders. Deformable metal grids were used to determine the 
mechanisms by which these powders flowed when compressed in 
a die. A similar approach seemed indicated in the case of 
molding sands, but a new technique had to be developed, using 
grids formed by introducing lines of graphite into the sand 
specimens. The results of the strain analyses of cylindrical sand 
specimens were combined with compression-density data to 
study the flow-mechanism of molding sands. In order to ra- 
tionalize the fiindings of flowability, compressibility, and mold- 
ability. These follow: 

(1) “Flowability” is the de formation or flow molding sand 
undergoes on applying an external force. The flow is due al- 
most entirely to the deformation of the clay-water film sur- 


rounding the sand grains. 
(2) “Compressibility” is the ratio of densities of a molding 
sand before and after packing. 


|. Introduction 


The basic material used in the foundry is silica 
sand. It is the cheapest high-temperature refractory 
known and extensive high-grade deposits are avail- 
able for foundry use. Pure silica sand has no bond- 
ing ability; it cannot be worked into dense, self-sup- 
porting shapes. For this reason, binders are added to 
the sand to provide the necessary bond. Plastic 
clays,t when properly hydrated, have proved to be 
excellent binders.1 Other materials, such as cereals, 
are often added in small amounts to improve the 
strength properties of molding sands. 

A molding sand must not only possess sufficient re- 
fractoriness and bond strength; it must also have -the 
ability to flow into and around patterns or dies, to 
form a dense mass at the sand-pattern interface. 
Thorough knowledge of the flow characteristics of a 
molding sand is therefore important to the foundry- 
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(3) “Moldability” is a measure of the ability of molding 
sand to flow and pack into a dense mass under the influence of 
an externally applied force. 

Grid analysis studies showed foundry sand flow consists of 
two different mechanisms. Flow first occurs by deformation of 
the clay-water films that coat the sand grains. The second 
stage of deformation is due to fragmentation of sand grains, 
but is not important in molding practice. 

The deformation process is materially affected by the type of 
hydrated films about the sand grains, by the size distribution 
of the sand grains and by the method of loading. 

Compressibility measurements showed that the densification 
of foundry sands depends upon the deformation process. Mold- 
ing sands of good flowability have low compressibility. 

Compressibility and “shear-angle” tests, based on the grid 
analyses, should prove to be practical test methods. Results 
have been obtained that are in excellent agreement with grid 
analysis results. 

A combination of owability and compressibility indices may 
prove to be a satisfactory measure of the moldability of found- 
ry sands. 


man. Molding sands are known to vary in the rela- 
tive ease with which individual] sand grains move into 
position about the face of a pattern. Good flow 
characteristics are essential for dense packing at the 
sand-pattern interface as well as for easier and there- 
fore less costly ramming. Low packing densities, gen- 
erally erroneously associated with molding sands hav- 
ing poor flow characteristics, usually cause poor sur- 
face finish or severe metal penetration when the cast- 
ing is poured, 


Il. Review of Previous Work 

Several testing techniques have been developed for 
the purpose of evaluating the strength, compacting 
properties and flowability of foundry sands. It is 
characteristic of most of them that no attempt has 
ever been made to separate these properties and mea- 
sure each independently of the others; therefore, the 
molder is often unable to make an intelligent sand 
selection from the test results. 

Dietert and Valtier? have attempted to evaluate 
the flow characteristics of molding sands empirically. 
In their testing procedure, a known weight of sand 
is placed in a smooth-walled steel die* and the de- 
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Fig. 1—Kyle’s hardness gradient 
curve. 
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Fig. 2—Photo of an undistorted lead 


formation occurring between the fourth and _ fifth 
blows of a 14-lb weight is measured by means of a 
dial gage. The percent “flowability” is given by the 
following equations: 

Percent Flowability = 1000 (0.10 — Ah), 
where Ah is the deformation in thousandths of an 
inch occurring between the fourth and fifth blows of 
the rammer. 

Aside from obtaining more nearly uniform results, 
there is no apparent reason for using the deformation 
occurring between the fourth and fifth rams to com- 
pute the flowability index. Dietert and Valtier have 
neglected to consider the possibility that a number of 
molding sands may attain their maximum densities 
prior to the fourth ram. These molding sands all 
have a flowability index of 100 and it is impossible 
to determine their relative flow characteristics. 

Mold hardness depends, to a great extent, upon 
the ease with which a molding sand flows together 
under an applied force. The more readily the clay- 
coated sand grains flow together into a densely packed 
mass, the greater is the mold density and consequent- 
ly, the higher is the mold hardness. Based upon this 
premise, Kyle* has used mold hardness surveys to 
evaluate flowability of different molding media. 

Kyle has used two methods to express flowability 
of molding sands. In the hardness differential meth- 
od, a known weight of molding sand is placed in a 
smooth walled steel die and a 14-lb weight is dropped 
through a one-quarter inch distance once. The com- 
pact is stripped from the die and hardness readings 
are taken at the top and bottom of the test specimen. 
The ratio of these hardness values serves as the flow- 
ability index. If the hardness ratio is equal to one, 
the molding sand is considered to possess ideal flow 
characteristics. 

In the hardness gradient method, a steel die, 1 in. 
by 12 in. by 1234 in., is filled with the test mixture. 
The sand is compressed into a compact. The side 
plate of the die is removed and mold hardness mea- 
surements are taken along the 1234-in. height of the 


test specimen. The mold hardness values are plotted 
as a function of the distance from the base of the 
test specimen. A typical curve is shown in Fig. 1. 
In terms of flowability, an ideal molding sand has 
been assumed to be one that is uniform in hardness 
throughout the specimen. The curve AB represents 
the hardness values of such a hypothetical molding 
sand whereas the curve BC represents the shape of 
the mold hardness curve that has been obtained for 
typical molding media. The ratio of the areas under 
the curves, BC and AB, is considered to be a measure 
of flowability. Should the curves, AB and BC, coin- 
cide, the ratio of the areas is equal to one and the 
molding sand is assumed to have ideal flow charac- 
teristics. 

The flowability index obtained by the hardness 
differential method has little selectivity. It is possible 
to obtain the same flowability index for a number of 
different molding sands even though there is a pro- 
nounced difference in their respective mold hardness 
values. This possibility that Kyle has neglected to 
explain is clearly indicated in Table 1. It does 
not appear reasonable the above-mentioned molding 
sands with such great variations in mold hardness 
should all possess identical flow properties. 

Similarly, the flowability index obtained by Kyle’s 
second method, the hardness gradient method, is not 
a true evaluation of flowability. As stated above, the 
flowability index is numerically equal to the ratio 
of areas under the actual and ideal mold hardness 
gradient curves. There is a possibility the ratio of 


TABLE ]—FIOWABILITY INDICES 
Computed by the Kyle Hardness Differential Method 








Mixture Hardness Values Flowability 
No. “Top __— Bottom Index 
ane 80 60 75 
2 60 45 75 
3 50 37.5 75 
4 40 30 75 
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the areas under the actual and hypothetical hardness 
gradient curves for a number of molding sands may 
be identical even though these curves are appreciably 
different in shape from one another. These sands 
would then all possess identical flow characteristics. 
Nevertheless, it does not seem plausible molding 
sands with appreciably different mold hardness pat- 
terns should have identical flow properties. 

Foundry molding sands and metal powders are 
alike in some respects; each consists of discrete, in- 
compressible particles that can be packed into strong, 
dense compacts. Kamm, Steinberg and Wulff® and 
Kamm*® have studied the behavior of metal powders 
at high pressures. They have used a deformable 
lead grid to determine the mechanism of metal- 
powder flow as well as the density pattern of pressed 
metal compacts and die-wall friction effects in metal 
compacts. In their technique, a thin lead grid, Fig. 
2, is accurately centered along the vertical axis of a 
cylindrical die; metal powder is carefully poured into 
the die cavity and the powder is then pressed into a 
dense compact. Radiographs of the pressed compact, 
Fig. 3, clearly indicate the deformation of the lead 
grid. Strain analysis data are obtained from photo- 
graphic enlargements of the deformed lead-grid radio- 
graphs. Strain analyses alone do not, however, satis- 
factorily explain the flow of molding sands because 
the mechanism is complex and different flow phe- 
nomena are dominant under different conditions of 
triaxiality of the stress pattern. 


Ill. Statement of the Problem 
A review of published work does not disclose how 
clay-water film coated sand grains flow into a densely 
packed mass; neither does it yield a dependable tool 
for evaluating the flow characteristics of different 
molding media. The present research is designed to: 
1. Determine the mechanism of molding-sand flow, 
and 
2. Develop a simple flowability test for foundry 
molding sands. 


IV. Experimental Procedure 


A. Preparation of Molding Sands—Three grades of 


Fig. 4—Grain size distribution of 80-1 natural molding 
sand. 
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Fig. 5—Grain size distribution for 60-1 and 80-1 grades 
of silica sand. 


molding sands have been used to determine the flow 
mechanism of foundry sands in cylindrical dies. One 
is a natural sand whose particle size distribution and 
clay content are reported in Fig. 4. Seven per cent 
water is added to develop the desired bond strength. 
The other two are synthetically-bonded sands; each 
contains 4 per cent sodium bentonite and 4 per cent 
water. The essential difference between the two syn- 
thetically-bonded sands is the particle size distribution 
of the sand phase. These data are shown graphically 
on Fig. 5. 

The natural sand is mulled dry for 5 min in a sand 
muller to break up sand lumps; the required amount 
of water is added and the mixture is mulled wet for 
an additional 5 min. To prepare synthetic molding 
sands, clean and dry sand and bentonite are mixed 
dry for | min; the water necessary for bonding is 
mulled-in wet for 5 min. All sand mixtures are 
tempered in air-tight containers for | hr before use. 

B. Preparation of Grid Specimen—lInitially, the 
lead grid technique** was used to study the deforma- 
tion of molding sands in cylindrical dies. Examina- 
tion of the sand compacts showed that the enclosed 
lead grids had been displaced from their original 
positions and were also undesirably distorted. These 
grids could, therefore, not be used to obtain strain 
distribution data and it was necessary to modify the 
original grid technique. 

The original one-piece die was replaced by a multi- 
sectional steel die, a sketch of which is shown in 
Fig. 6. The first section of the five-piece die was 
filled by screening molding sand through a six-mesh 
sieve into the die cavity. The excess sand was care- 
fully removed with a straight-edge so that the sand 
grains loosely packed in the steel die would not be 
disturbed appreciably. 

A brass template in which 14»-in. parallel slits had 
been milled one-quarter inch apart was placed on 
the top surface of the bottom die section. Powdered 
graphite was sprinkled on the template; the carbon 
passing through the slits made parallel markings on 
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the top face of the molding sand in the die section. 
The same series of operations were repeated for each 
section until all five sections of the die were filled. 
The loosely packed molding sand in the assembled 
die was then rammed or pressed into dense compacts. 

Two methods were used to compress such grid-con- 
taining compacts in order to determine what effect 
the mode of packing had upon the flow mechanism. 
In the first method, a 14-Ib weight was dropped upon 


Fig. 8—Stress-density ratio curve for 
determining stress at top of 60-1 
molding sand compact. 
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Fig. 6(left)—Sketch 
of die for making 
carbon - grind, sand 
compacts. 


Fig. 7(right)—Pho- 
to of sand specimen 
showing deformed 
carbon-grid, sand 





the loosely packed sand in the die. Some grid speci- 
mens were rammed once; others were rammed four 
times. In the second method, a pressure of 225 psi 
was applied to produce the compacted grid-bearing 
specimens. 

After compression, sand compacts were stripped 
from the die and dried in air overnight. The speci- 
mens were carefully sawed along a longitudinal plane 
containing a diameter normal to the original carbon 
markings. The cut surface clearly showed a series of 
carbon dots which were easily visible against the 
white sand background. A photograph of such a sec- 
tion is shown in Fig. 7. The dots formed the corners 
of a deformed grid of which the dimensions of the 
original rectangular meshes were readily deduced 
from the die and template measurements. 

Reflex-copy prints were made of the sliced sections 
and enlarged to a magnification of two in order to 
make for accurate grid measurements. Four grid 
specimens were used for each enlargement to obtain 
representative sites of the grid points. The measure- 
ments required for the grid analysis of the molding 
sands studied are included in Tables 2 to 5. 


Fig. 10—Stress-density ratio curve for 
determining stress at top of 80-1 nat- 
ural molding sand compact. 
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Fig. 9—Compressibility-stress relation 
for 80-1 synthetic molding sand. - 
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TABLE 2—GriID MEASUREMENTS 
80-1 Synthetic Sand; 1 Ram 








Point Ta b, d 
2 0.500 0.238 75.40 
3 0.432 0.246 71.40 
4 0.493 0.252 74.50 
7 0.515 0.269 80.00 
8 0.510 0.267 77.50 
9 0.458 0.260 78.90 
12 0.395 0.228 86.50 
13 0.545 0.249 85.75 
14 0.518 0.267 85.60 





TaBLeE 3—Grip MEASUREMENTS 
80-1 Synthetic Sand; 4 Rams 











Point ra b, d 
2 0.435 0.260 73.70 
3 0.440 0.255 74.60 
4 0.425 0.235 82.30 
7 0.475 0.265 82.00 
8 0.455 0.280 85.60 
9 0.400 0.290 87.50 
12 0.500 0.230 86.00 
13 0.435 0.245 90.00 
14 0.390 0.255 89.20 





C. Preparation of Compression-Density Compacts— 
A strain analysis alone does not furnish all the data 
necessary to determine the flow mechanism of mold- 
ing sands. Compression-density data are also required 
to convert strain distributions to stress distribution by 
Siebel’s? method. Before presenting the results cal- 
culated from grid data, we must describe how to ob- 
tain data on compaction in a die of large diameter- 
to-height ratio. For this purpose a circular die, 2 in. 
in diameter and | in. high, was filled by passing mold- 
ing sand through a six-mesh screen which was posi- 
tioned approximately 12 in. above the top face of 
the die. The excess sand was carefully removed with 
a straight-edge. Just as in the preparation of the de- 
formed grid compacts, the wafers were made by ram- 
ming and by pressing. The height of the resulting 
compacts was measured in the die by means of a 
micrometer. The final-to-initial density ratio is also 
the ratio of the initial height to the final height. The 
results are also expressed as true strain values (natur- 
al logarithms of the density ratio). These data are 
given in Fig. 8 to 13. 

D. Grid and Compression-Density Tests as a means 
of Obtaining Flowability Indices—Grid analyses for 
strain distribution can be converted to a stress distri- 
bution by using Siebel’s method? in conjunction with 
compression-density test results as detailed in Ap- 
pendix A. From the stress and strain distributions, it 
is possible to compute for each compact a shear stress- 
shear strain curve at various values of density. It 
was found the curves were not appreciably affected 
by density changes provided a considerable densifica- 
tion had been realized. The curves then consisted of 
two essentially linear portions—one showing appreci- 
able initial shear strain at very low stress and the 
other, a rapid rise in stress with little further shear 
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strain. The intersection of these two lines, or more 
simply, the intercept of the second line with the strain 
axis gave an index of flowability of the sand. These 
values in terms of shear strain are given in Figs. 14 
to 17. 

This index of flowability involves a laborious cal- 
culation; while it sheds light on the flow mechan- 
ism of these sands, it is of little practical use in the 
foundry laboratory. Other test methods have been 
developed; they are simple in operation and yet they 
preserve the virtue of correlating closely with grid- 
analysis results. One test proved to be the compres- 
sion-density test itself. Accordingly, a number of other 
sands were tested in the manner described in Section 
C. The mixtures were so selected as to bring to 
light the effects of various types of clay binder, of 
the size distribution of the sand particles and of the 
moisture content. For close control, it is necessary 
the results from such a test indicate slight variations 
in the above-mentioned variables. 

Sodium and calcium bentonites and a common fire- 
clay were used to determine the effect of binders upon 
the density ratio. Only commercially feasible sand 
mixes were used. The compositions tested are given 
in Table 6. 

Four grades of silica sand were used to study the 
effect of particle size distribution upon the density 
ratio. Particle size distribution data are included in 
Table 7. 

It was necessary to have the same bond intensity 
in all four molding sands for a true evaluation of the 
grain size distribution effect. In this series of experi- 
ments, A.F.S. 60 sand was assumed to be “ideal.” 
Five per cent sodium bentonite and 3 per cent water 
were added to develop the desired bond in the sand. 
It was assumed the hydrated clay particles coated the 
sand grains completely. Sodium bentonite and water 


TABLE 4—GrID MEASUREMENTS 
60-1 Synthetic Sand; Applied Pressure—225 psi 








Point ra b, d 
2 0.275 0.453 72.00 
8 0.283 0.477 73.50 
4 0.273 0.473 81.50 
7 0.275 0.460 86.00 
& 0.273 0.480 85.00 
9 0.270 0.433 87.25 
12 0.310 0.500 92.00 
13 0.320 0.483 92.00 
14 0.333 0.410 86.00 





TaBLe 5—Grip MEASUREMENTS 
80-1 Natural Molding Sand; Applied Pressure—225 psi 








Point ra b, d 
a 0.250 0.428 82.50 
5 0.238 0.470 80.50 
4 0.218 0.470 77.50 
7 0.248 0.463 84.75 
8 0.268 0.425 83.00 
9 0.283 0.488 88.75 
12 0.225 0.483 84.50 
13 0.225 0.483 91.00 
14 0.225 0.480 86.75 
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additions were made on a surface area basis so the 
bond coating in each sand mix was the same. The 
sand compositions are reported in Table 8. 

E. The “Shear-Angle” Test for Flowability — An- 
other method, more applicable to a foundry control 
laboratory was used for indexing the flow character- 
istics of molding sands. This test is based upon the 
flow-mechanism results of the grid analyses. The shear 
apparatus is shown in Fig. 18. 

The shear compacts are made in the two-piece die. 
The top section, which is open at top and bottom, 
fits over the bottom section of the die. The bottom 
section consists of two detachable side plates; the 
two ends are hinged to the base plate so the sand 
within the die can be deformed. The molding sand 
compositions tested are given in Tables 6 and 8. 


Fig. 14—-Stress-strain curve in shear 
for 80-1 synthetic molding sand, 
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Fig. 13—Stress-strain diagram for 80- 
1 natural molding sand. 


The following test procedure provides consistent 
results. The die is filled by passing tempered mold- 
ing sand through a six-mesh screen. A plate is in- 
serted into the top die opening and the molding sand 
is pressed into a compact. The packing pressure 
used here which give a resproducible reading is 7 psi. 
The die is taken from the press and the top half is 
carefully removed from the lower section. The por- 
tion of the sand compact extending above the top 
surface of the bottom section of the die is cut away 
with a thin saw-blade. A steel plate is then placed 
on the top surface of the compact and the die is 
again centered in the hydraulic press as shown in 


Fig. 16—-Stress-strain curve in shear 
for 60-1 molding sand; squeeze. 


Fig. 15—Stress-strain curve in shear 
for 80-1 synthetic molding sand, 
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Fig. 17 (left) — 
Stress-strain curve 
300F- in shear for 80-1 
natural molding 
3 z00}- ° sand; squeeze. 
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Fig. 19. The “shear” compact is again compressed 
to 7 psi. A shearing load of 25 lb is then applied 
as shown in Fig. 20. It is observed the compact is 
rapidly deformed in shear up to a critical amount 
after which the stress required for further strain 
rises abruptly. As soon as the shearing operation is 
completed, the applied loads are released. The die 
is removed from the press and one side of the die 
is detached. The angle through which the hinged 
ends move is measured with a protractor. This angle 
is the flowability index and corresponds to the shear 
strain obtainable with little stress, i.e. the intersec- 
tion of the two linear portions of the shear stress- 
shear strain curve. The magnitude of the angle of 
shear obtained in the two methods differs appre- 
ciably because in the shear test, conditions of simple 
shear are not met. The validity of the test is based 
upon the correlation between the two values. In 
Fig. 21, the “shear angle” is plotted as a function of 
the moisture content for several clay binders. The 
“shear angle” is plotted as a function of the particle 
size distribution of several sodium bentonite bonded 
sands in Fig. 22. 

It may be seen in these figures and tables the test 
is sensitive to changes in molding sand characteristics. 
The property that is measured bears a direct rela- 


TABLE 6 





Composition 1 
5 Ib 60-1 sand 
19 grams sodium bentonite 
The moisture ranges from 3.0 to 6.0% 


Composition 2 
5 Ib 60-1 sand 
119 grams calcium bentonite 
The moisture ranges from 3.0 to 8.0% 





Composition 3 
5 Ib 60-1 sand 
401 grams Pedro fireclay 
The moisture ranges from 4.0 to 8.0% 











_» Top section removed 
a ofter packing 























tion to the flowability as defined from the results of 
the grid analysis, i.e., the amount of shear strain 
which the sand sustains at low shear stresses such as 
are encountered in molding practice. 


V. Discussion of Results 


A. Mechanism of Molding Sand Flow in Cylindrical 
Dies—A molding sand consists of silica sand and a 
hydrated, plastic clay binder. Sufficient clay is always 





TABLE 7—PARTICLE SIZE DISTRIBUTION OF SANDS USED 
IN DENsITY RATIO AND “SHEAR ANGLE” ‘TESTS 





Grade Grade Grade Grade 

Mesh Size 30-2 60-1 80-1 160-1 
20 0.80 a aes we 
30 3.80 mas a —_ 
40 24.20 0.20 0.20 0.10 
50 40.20 2.40 2.90 0.10 
70 26.00 17.90 19.50 0.40 
100 5.00 42.50 37.40 8.60 
140 0.40 28.50 30.00 36.60 
200 te 1.20 7.50 31.60 
270 — wis 1.20 11.00 
Pan ime wa 1.00 10.40 





TABLE 8—SAND Compositions UseEp IN DENsITY RATIO 
AND “SHEAR ANGLE” TESTS 





Grade 30-2 
5 lb 30-2 washed silica sand 
106.51 grams sodium bentonite 
62.70 milliliters water 

Grade 60-1 
5 ib 60-1 washed silica sand 
119.0 grams sodium bentonite 
70.0 milliliters water 

Grade 80-1 
5 lb 80-1 washed silica sand 
119.45 grams sodium bentonite 
70.30 milliliters water 


Grade 160-1 
5 Ib 160-1 washed silica sand 
123.67 grams sodium bentonite 
72.80 milliliters water 




















Fig. 19—Photo of “shear-angle” die in press prior to 
“shearing.” 


added to sand so each grain is completely covered 
with a hydrated clay film. The thickness of the film 
about each sand grain depends upon the kind and 
amount of clay in the sand mixture. The clay film 
also serves as a lubricant so the molding sand, when 
compressed, flows into a compact mass. 

In an aggregate consisting of silica sand the grains 
are in direct contact with one another. Voids exist 
between sand grains, and their volumes depend upon 
grain shape. Little flow takes place when such a sand 
is compressed. Like most non-metallic crystalline sub- 
stances, silica sand is brittle. It can be slightly de- 
formed elastically; however, a sand grain fractures 
at stresses near its elastic limit with little, if any, 
plastic deformation. The fragments of the fractured 
crystals fit into the voids between sand grains. Elastic 
deformation is recoverable as soon as the applied 
stress is removed. Then, the net flow in silica sand 
is only due to the fragmentation of sand grains and 
the subsequent filling of intergranular voids with 
crystal fragments. 

A clay slip is a suspension of clay particles in 
water. Occasionally other materials —for example, 
silica, alumina or titania — are added in varying 
amounts. Molding sands consist of silica sand, clay 
and water and they may be considered highly viscous 
casting slips. Norton, Johnson and Lawrence® have 
studied the flow properties of clay-water suspensions. 
Their results show that clay-water suspensions possess 
low yield point values and are very plastic. 

On the basis of these observations, molding sand 
flow is due to the plastic deformation of the clay- 
water films about sand grains. The stress-strain curves 
in shear, presented on Figs. 14 to 17, not only verify 
this conclusion but also describe concisely how mold- 
ing sands flow under pressure in a cylindrical die. 

Foundry sand flow is the result of two different 
mechanisms. Initially, packing of loose molding sand 
in the die is due almost exclusively to the deforma- 
tion in shear of clay-water films which have very 
little shear strength. This is evident since appreci- 
able plastic deformation (d,) is realized in the ab- 
sence of appreciable shear stresses. In the second 
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stage of flow, deformation is dominantly due to the 
fragmentation of sand grains. In the first stage of 
the process, both sand grains and their surrounding 
clay-water films are displaced from their original posi- 
tions. The primary stage of flow ceases when the 
clay-water films have sheared to a maximum extent 
and the majority of contact points are between sand 
grains only. Any subsequent flow is due to the frag- 
mentation of the sand grains at these contact areas. 
Clay-water films have been forced from their posi- 
tions about the sand grains into intergranular voids 
and have no further role in the deformation process. 
The transition between clay flow and sand fragmenta- 
tion is sharp because only a very low shear stress is 
necessary to cause the total possible clay flow. 

The sand grains do not fracture appreciably during 
molding operations. The average stresses obtained 
in these studies are well below the fracture stress fon 
pure crystalline silica;? however, some sand-sand con- 
tact areas are always present that can be fractured 
at low average stresses. Therefore, the stress-strain 
curve in shear increases after d, with a finite slope. 

The curves in Figs. 16 and 17 indicate that a sod- 
ium-bentonite bonded sand undergoes a greater ini- 
tial deformation (d,) than natural molding sand. So- 
dium-bentonite and kaolin, the binder in natural 
molding sand, behave altogether differently in an 
aqueous medium. Sodium-bentonite absorbs wate 
within its lattice and then expands. This expansion 
of the crystal lattice lowers its lattice bonding forces 
and it then becomes possible to deform a completely 


Fig. 20—Photo of “shear-angle” die in pres after “shear- 
ing.” 
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Fig. 21—Effect of moisture upon “shear-angle” for 60-1 
and bonded with several clay binders. 


hydrated sodium-bentonite particle at a very low 
shear stress. A hydrated kaolinite crystal is not cap- 
able of swelling. Consequently, its lattice bonding 
forces are not changed upon hydration and .it is not 
deformed as easily as a hydrated sodium-bentonite 
crystal. Although the percentage of sodium bentonite 
clay is low compared to others used in molding sand 
mixtures, swelling increases its volume an amount 
dependent upon the extent of hydration. 

Sand grain-shape appreciably affects the second 
stage of sand flow in cylindrical dies. Photomicro- 
graphs in Figs. 23 and 24 show that sand grains in 
natural molding sand are rounded whereas they are 
angular in the synthetic sand to which sodium-ben- 
tonite was added. The stress concentrations at con- 
tact points are very much higher in an angular sand; 
consequently, fragmentation must begin at lower ap- 
plied stresses and the slope of the stress-strain curve 
in shear must be less in an angular sand. This differ- 
ence is clearly shown in Figs. 16 and 17. 


Fig. 23—Photo of round sand grains in a natural molding 
sand. 
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Fig. 22—Effect of sand-grain size distribution on “shear- 
angle.” 


Figures 14, 15 and 16 indicate the method of load- 
ing—ramming or squeezing—does not materially affect 
the primary stage of deformation. The particle size 
distribution of the sand grains does not appreciably 
influence the initial deformation. This is reasonable 
since packing of loose molding sand is due almost ex- 
clusively to the deformation in shear of the clay- 
water films about the sand grains. 

The method of loading appreciably affects the frag- 
mentation stage of molding sand flow in cylindrical 
dies. This is verified by the slopes of the curves in 
Figs. 15 and 16. The slope of the curve in Fig. 15 
(rammed specimen) is the greater and, therefore, the 
molding sand has suffered less fragmentation for a 
given applied stress. On the basis of maximum de- 
formation, squeezing rather than ramming is more 
effective for making sand compacts. 

The density ratio, p/p,, is plotted as a function of 
the shear stress per unit strain to determine the pack- 
ing efficiency of molding sands in cylindrical dies. 
These plots are included in Figs. 25 to 28. The dens- 
ity ratio at the end of the primary stage of deforma- 
tion is designated as (p/po)o. 

The plots in Figs. 25 and 26 are for sodium-ben- 


Fig. 24—Angular sand grains in a synthetic molding sand. 
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Fig. 25—-Compressibility curve for 80-1 synthetic mold- 
ing sand; one ram. 
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Fig. 26—Compressibility curve for 80-1 synthetic molding 
sand; four rams. 


tonite bonded sands which have been deformed by 
one and by four rams respectively. The density ratio 
p/po. reaches its maximum value early in the defor- 
mation process. The slopes of the curves in Figs. 25 
and 26 are zero. They clearly show there is no in- 
crease in packing even though we observe some de- 
formation by fragmentation of sand grains. One 
ram is sufficient to produce maximum packing; the 
three additional rams have no beneficial effect with 
respect to densification. 

The density ratio after pressing is 1.5066 and after 
ramming 2.0815 and 2.0512. The slope of the curve 
for rammed specimens is zero and it is greater than 
one for a pressed specimen. These values indicate 
a difference in packing; maximum density is attained 
early in the deformation process by ramming whereas 
the maximum occurs late in the deformation process 
for pressed specimens. On the basis of packing alone, 
ramming is more effective and is, therefore, prefer- 
able. 

The curves in Figs. 27 and 28 show packing of 
molding sands is materially affected by the type ol 
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clay-water films about the sand grains. After squeez- 
ing, the density ratios of natural molding sand and 
sodium-bentonite bonded sand amount to 2.1777 and 
1.5066 respectively. The slope of the curve for natur- 
al molding sand is less than that of sodium-bentonite 
bonded sand. On the basis of these observations, a 
natural molding sand approaches its maximum pack- 
ing density much sooner in the deformation process 
than a sodium-bentonite bonded sand. 

A comparison of Figs. 14 to 17 and 25 to 28 shows 
a relationship between the compressibility of a mold- 
ing sand and its deformation process. The compressi 
bility is great for those sands in which most of the 
total possible deformation occurs early in the flow 
process. If high compressibility is desired, sands 
which undergo maximum deformation early are then 
to be used. It is evident from the results described 
above that a sand of good flowability has poor com- 
pressibility. On this basis, tests may be designed for 
either property and, where properly interpreted, give 
information on both. 

B. Density Ratio—A Measure of Compressibility— 
It is necessary first to determine the sensitivity of the 
density ratio method for evaluating the compressi- 
bility of different molding sands. In a satisfactory 
test, slight variations must be easily detected in the 
type of binder used, in the size distribution of the 
sand grains and in the moisture content. Figure 29 
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Fig. 27—-Compressibility of 60-1 synthetic molding sand; 
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Fig. 28—-Compressibility curve for 80-1 natural molding 
sand; squeeze. 
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shows the effects of the type of clay binder used and 
of the moisture content upon the compressibility of 
molding sands. Figure 30 illustrates grain size dis- 
tribution effects upon the packing abilities of mold 
ing sands. Of the three clays used to bond 60-1 silica 
sand, sodium-bentonite permits maximum densifica- 
tion; calcium-bentonite and Pedro fireclay are not as 
effective with respect to compressibility. The density 
ratios are sensitive to slight changes in the moisture 
content of the molding sand. Maximum packing oc- 
curs in the neighborhocd of 3 per cent water for 
sodium-bentonite bonded sand, at 5 per cent water 
for calcium-bentonite bonded sand and at 714 per cent 
water in fireclay-bearing sand. 

The curve in Fig. 30 shows the effect of grain size 
distribution upon the compressibility of molding 
sands. Four grades of silica sand have been studied; 
the size distribution data are reported in Table 7. 
Molding sand compressibility increases with decreas- 
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Fig. 29—-Effect of moisture content on compressibility of 
60-1 silica sand bonded with several clays. 


TABLE 9—DeENsitTy Ratio DATA FOR 5 PER CENT 
SopIUM BENTONITE BONDED SANDS 
3.0% Water 











1 Ram 2 Rams 4 Rams 
Height, in. ~ 0482 £40411 0412. 
Weight, grams $1.77 31.14 31.90 
Height, in. 0.406 0.437 0.397 
Weight, grams 30.72 $3.00 30.60 
Height, in. 0.447 0.408 0.408 
Weight, grams 32.90 30.84 31.60 
Average weight of samples = 31.61 grams. 
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Fig. 30—Effect of grain size distribution on compressi- 
bility of molding sand. 


ing particle size. Maximum packing is realized by 
molding sands that contain base sand grades, 60-1 
and 80-1. These two molding sands are made from 
base sands which do not vary very much in the size 
distribution of the sand grains. Figure 30 also shows 
there is an optimum size distribution for maximum 
packing. Any further decrease in particle size causes 
the compressibility of the resulting molding sand to 
decrease measurably. 

C. Classification of Flowability by the “Shear Angle” 
Test—Figure 21 presents the effects of the type of 
clay binder and the moisture content upon the “shear 
angle” of a 60-1 molding sand. The curves in Fig. 2] 
show sodium-bentonite bonded sands “shear’’ least. 
Calcium-bentonite- and fireclay-bearing sands shear 
appreciably more. The “shear angles” also vary with 
the moisture content in these sands. Minimum shear 


TasBLe 10—DeEnstry RATIO DATA FOR 5 PER CENT 
SopIUM BENTONITE BONDED SANDS 
4.0% Water 





1 Ram 2 Rams 4 Rams 
Height, in. 0422 0.408 0.423 
Weight, grams 31.00 30.82 $2.75 
Height, in. 0.417 0.442 0.409 
Weight, grams 30.75 33.43 31.64 
Height, in. 0.431 0.414 0.421 
Weight, grams 31.75 31.25 32.60 
Average weight of samples =- 31.78 grams. 








TABLE 11—DeENsiry RATIO DATA FOR 5 PER CENT 
SopIUM BENTONITE BONDED SANDS 
5.0% Water 





1 Ram 2 Rams 4 Rams 
Height, in. 0.426 0.431 0.402 
Weight, grams 31.65 33.00 31.40 
Height, in. 0.442 0.432 0.410 
Weight, grams 32.87 33.00 $2.10 
Height, in. 0.443 0.417 0.413 
Weight, grams 33.10 32.00 32.20 
Height, in. 0.418 0.413 
Weight, grams 31.10 31.65 
Average weight of samples — 32.10 grams. 
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Fig. 31—Effect of moisture on moldability of 60-1 silica 
sand bonded with several clays 


angles occur at 3 per cent water for sodium-bentonite 
bonded sands, at 5 per cent water for calcium-ben- 
tonite bonded sands and at 714 per cent water in fire- 
clay-bearing sands. 

Figure 22 illustrates grain size effects upon the 
“shear angle.” The angle decreases with decreasing 
particle size. The minimum “shear angle” is obtained 
for molding sands that contain silica sand grades, 
60-1 and 80-1. Any additional decrease in particle 
size causes an increase in the “shear angle.” 

This test does indicate slight changes in moisture 
content, moderate changes in size distribution and 
differences between various clay binders. The nature 
of the results indicates sufficient sensitivity so that 
the test has practical application. 

D. Moldability of Foundry Sands—From a prac- 


tical point of view, molding sands should possess good 


TABLE 12—DeENsity Ratio DATA FoR 5 PER CENT 
SopIUM BENTONITE BONDED SANDS 
6.0% Water 








1 Ram 2 Rams 4 Rams 
Height, in. 0.445 0.409 0.425 
Weight, grams 33.55 31.55 33.65 
Height, in. 0.431 0.416 0.408 
Weight, grams $2.25 32.00 $2.31 
Height, in. 0.418 0.410 0.417 
Weight, grams 31.42 31.35 $2.90 


Average weight of samples = 32.41 grams. 
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Fig. 32—Effect of grain size distribution on moldability 
of sands bonded with sodium-bentonite. 


flowability as well as high compressibility. Unfor- 
tunately, such a combination is not possible since 
flowability is the converse of compressibility. The 
combination of compressibility and flowability values 
(p/po X 8) provides an index which may be termed 
the index of moldability. This index then makes it 
possible to select the best combination of clay binder, 
sand-grain size distribution and moisture content, as 
is shown in Figs. 31 and 32. Sodium-bentonite bonded 
molding sands containing 3 per cent water yield maxi- 
mum moldability. In a 5 per cent calcium-bentonite 
molding sand maximum moldability is found in a 
sand containing about 414 per cent water and in a 
fireclay-bearing sand ideal moldability occurs at 714 


TABLE 13—DeENsiTY RATIO DATA FOR 5 PER CENT 
CALCIUM BENTONITE BONDED SANDS 
3.0% Water 








1 Ram 2 Rams 4 Rams 
Height, in. 0.489 0.487 0.483 
Weight, grams 35.40 35.60 35.55 
Height, in. 0.508 0.468 0.469 
Weight, grams 36.52 34.66 35.37 
Height, in. 0.491 0.479 0.483 
Weight, grams 35.52 35.34 36.60 
Average weight of samples = 35.61 grams. 





Tasie 14—Density RATIO DATA FoR 5 PER CENT 
CALCIUM BENTONITE BONDED SANDS 
4.0%, Water 








1 Ram 2 Rams 4 Rams 
Height, in. 0.424 0.440 0.427 
Weight, grams 30.90 33.13 32.67 
Height, in. 0.447 0.433 0.425 
Weight, grams $2.61 32.65 $2.55 
Height, in. 0.428 0.428 0.416 
Weight, grams 31.73 $2.20 32.00 
Height, in. 0.432 
Weight, grams 31.60 
Height, in. 0.452 
Weight, grams 33.40 
Average weight of samples — 32.32 grams. 
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per cent water. Ot the synthetic sands tested, a sod- 
ium-bentonite bonded sand with 60-1 silica sand as 
base material provides maximum moldability. 


VI. Conclusions 


Results of grid analyses show the flow of molding 
sands under pressure is the result of two different 
mechanisms. In the initial deformation, flow is due 
almost entirely to shearing of the clay-water films 
that coat the sand grains. When the clay-water films 
have sheared as much as possible and sand grains are 
in direct contact, any additional flow is due to frag- 
mentation of sand grains. The transition between 
primary and secondary flow is sharp because only a 
low shear stress is required to cause maximum flow 
of the hydrated clay films about sand grains. These 
results also reveal the flow associated with the shear- 
ing of clay-water films is responsible for most of the 
total deformation. 

Flow depends upon the type of bond used, upon 
the shape of the sand grains and upon the method of 
loading. Sodium-bentonite bonded sands undergo 
greater deformation than kaolin-bonded sands. Mold- 
ing sands containing angular grains flow appreciably 
more than round-grained sands. Squeezing produces 
greater overall flow than ramming. 

Compressibility measurements also indicate the 
packing of molding sand is a function of the type of 
clay-water film used for bonding and of the method 
of loading. Kaolin-bonded sands pack more effective- 
ly than sodium-bentonite sands. Ramming rather 
than squeezing produces greater densification in a 
foundry sand. 

There is a relationship between the packing of 
foundry sand and its deformation process. Sands of 
good flowability possess low compressibility. 

Compressibility and “shear-angle’”’ tests based upon 
grid-analysis results should prove to be practical test 
methods. These results are in excellent agreement 
with grid analysis results—namely molding sands of 
good flowability possess poor compressibility. 

A combination of compressibility and flowability 
values provides an index of moldability. Such infor- 
mation should make it possible to select molding 
sands which posses the best combination of flow and 
packing properties. 

The writers have not included the laborious grid 
analysis (stress-strain) calculations in order to make 
this paper as brief as possible. They will furnish 
these calculations upon request. 
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APPENDIX A 


The analysis of deformed grids, initially rectangu- 
lar, for the magnitude and directions of the principal 
strains is the one developed by Seibel* and by Kamm.® 
They have shown that if the two dimensions of the 
deformed grid element—taken in the coordinate sys- 
tem of the original rectangle—are r, and b,, then the 
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new dimensions in the direction of the principal 
strains are: 


1,” + b? r,”-+b,” 
r2, 9 = ———_- + ———- — r,? b,? sin*y (1) 
2 4 


These are also the semi-axes of the strain ellipse 
(Fig. A-1) of which one of the initial axes is a grid 
edge length. The angle d is the acute angle of the 
deformed grid element. In deformed grid elements 
that are not parallelograms, the quantities r, and b, 
and d are averages for the element. 

Having determined the values of r, r, and d, the 
magnitude of the principal strains are obtained from 
the relations, 





Ty 

¢ = In -——_, (2) 
To 
Yo 

¢ = In —— (3) 
To 


and the direction of the principal strains with respect 
to the original coordinate system is found by 


tana Yo" 
tane— - ————_—_- ] Se + 
2 r;? 





Yo” 4r.? 
tan? a }— —— j — —— (4) 
r,” r;? 


The values «, eg and @ are averages for each of the 
elements. They are assigned to their centers which 
are found by intersecting the diagonals of each ele- 
ment. In these calculations, « is the angle between « 
and the direction of the axis of the compact. 

Vectors representing the computed magnitudes and 
the directions of principal strains are plotted in the 
sectioned plane of the compact as shown in Fig. A-2. 
Strain trajectories are then drawn upon the sectioned 
plane of the compact by eye; the two families of tra- 
jectories must intersect only at right angles. A typical 
strain trajectory pattern is shown in Fig. A-3. If the 
material is assumed to obey the first rule of plasticity, 
the stress trajectories will coincide with the strain 
trajectories and the directions of the principal stresses 
may be obtained from strain trajectory plots. 

Let us also assume that a relation similar in form 
to the generalized Hookes’ law* exists at each set of 
principal stresses. Then it becomes possible to use 
the Laué-Maxwell equation to obtain the differences 


Ry 1 


Y; = f («) + (5) 
Ry Rx 





between the magnitudes of the principal stresses at 
any two points along any trajectory. For this pur- 
pose, points are selected in such a way that three of 
them lie along each of several trajectories. The tra- 
jectories are chosen to form a grid of a density com- 
parable to that of the original grid. The magnitudes 





* Third rule of plasticity, 
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Fig. A-1—Strain ellipse of deformed 
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Fig. A-3— Strain trajectory pattern Fig. A-2—Sketch showing vectors and 
for a molding sand specimen. their directions in a deformed grid. 


of the principal strains are found for each of these 
“selected points” by graphical interpolation. Let us 
assume that there is a continuous relation between 
the stress and strain tensors. Then it is possible to 
convert data from a separately determined stress- 
strain curve into the function f (e;) which appears in 
the Laué-Maxwell equation. Such a stress-strain curve 
is constructed from a series of experiments in which 
thin wafers are rammed or pressed in a die; the 
wafers are thin enough so that the die walls have no 
effect on the flow of the material. The symbols Ry 
and Ry respectively represent the initial and final 
radii of curvatures of the stress trajectories perpendi- 
cular to the two families that are mapped in the sec- 
tioned plane of the compact. In the present case, 
R°,y and Ryy become the distances from the compact 
axis to the initial and final positions of the “selected 
points.” Rjx is the radius of curvature of the mapped 
trajectory passing through the “selected point” and 
is perpendicular to the trajectory along which the 
stress difference, Y,, is computed, 

In this manner, we have obtained a matrix of dif- 
ferences between every pair of neighboring “selected 
points.” There now remains the problem of finding 
the absolute values of these stresses at the boundary 
points. The stress values at any other point may 
then be found by the integration—starting at the 
boundary—of the stress differences, Y,, along the ap- 
propriate trajectories. 

No information is available regarding the flow 
mechanism of molding sands; neither are there any 
known points at which a principal stress is zero or 
some other finite value. For this reason, it is neces- 
sary to make another assumption concerning the 
boundary conditions. It is assumed that the layer 
immediately below the plunger is not subjected to 
any lateral stress by friction against the plunger. 
Density determinations of the grid elements in this 
layer are then converted into vertical compressive 
stresses by means of stress-strain curves of thin wafers. 
This provides absolute values, ojo, of the principal 
stress, ;, at the top of the S, family of trajectories. 
The values of o; are obtained at every “selected 


point” by integrating Y, values along the S, trajec- 
tories and by using the proper oj values as constants ' 
of integration. The values of », at the centerline of 
the compact are then obtained by extrapolation 
along the S, trajectories. 

The boundary conditions can now be derived for 
a2. Cylindrical symmetry is assumed to exist through- 
out the specimen and the continuity of the relation 
between the stress and strain tensors is assumed to be 
valid. Now, should the observed density of the ma- 
terial along the centerline differ from that expected 
of the stress, o,, the difference is then probably due 
to the equal stresses, g. and a3. If @ (p/p,) is the 
stress corresponding to the observed density, p/p,, at 
a point on the centerline where o; is ¢ (CL), then the 
value o29 Of o2 at that point is 


mm = ¢ (p/po) — o(CL) (6) 


The stress, 2, can now be evaluated at any “sel- 
ected point” in the compact by the integration of Y, 
along S, trajectories and by using the appropriate 
o29 Values as constants of integration. 

In this manner are obtained the values of the prin- 
cipal axial and radial stresses. The principal tangen- 
tial stresses are equal to the principal radial stresses 
since cylindrical symmetry is assumed throughout the 
compact. For simplicity in drawing conclusions from 
the results, the principal stresses and strains are con- 
verted into shear stresses and shear strains thus, 


a1 — G2 
T= ———_ (7) 
2 
d =a—e (8) 
Stress-strain diagrams in shear are made for three 
molding sands. Since it is expected that the ratio, 


T/d, may vary with the density, T/d ratios are plot- 
ted as functions of the density ratio, p/po. 
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DISCUSSION 


Chairman: O. J. Myers, Archer-Daniels-Midland Co., Minne- 
apolis. 

Recorder: F. S. Brewster, Harry W. Dietert Co., Detroit. 

V. M. RoweELL:* What is the relationship between force neces- 
sary to shear and force necessary to ram the sample? 

Dr. TayLor: The compressive force of 7 psi is used merely to 
hold the sand together during shearing. 

CHAIRMAN Myers: Is there any relationship between the pres- 
ent flowability test and the one proposed in the paper? 

Dr. TayLor: There is no relationship between the proposed 
test and our previous concept of flowability. 

H. W. Duietertr (Written Discussion):* The authors study of 
the compressibility of molding sands adds much more informa- 
tion on the subject of the moldability of sands. There are, how- 
ever, several statements made in this paper with which I do not 
agree. 

In their review of previous work, they state that a number of 
molding sands may attain their maximum densities prior to the 
fourth ram. I have yet to find any molding sand that has 
reached its maximum density after the fourth ram of the A.F.S. 
sand rammer. Some may begin to reach maximum densities 
near ten rams while the majority require in the neighborhood 
of 20 to 50 rams (see Table A). Very few molding sands ever 


‘TABLE A-——GREEN HARDNESS vs RAMMING 











No. Dreps Specimen 
A.F.S. Rammer Green 
Weight Hardness 
6 83.5 
10 90 
15 92 
25 94 
35 95 
45 95.2 
55 96 
70 96 
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reach a flowability percentage of 90 with the Dietert-Valtier 
flowability indicator method after the fifth ram (see Table B). 
Thus, the statement made that “These molding sands all have 
a flowability index of 100 and it is impossible to determine 
their relative flow characteristics” is incorrect. 


TasLte B—Duerert FLOWABILITY vs RAMMING 





No. Drops 


A.F.S. Rammer Dietert Flowability 
Weight 3 5 6 8 
l 0 0 0 0 
2 14 6 5 10 
3 52 49 49 41 
4 68 65.5 67 61 
5 77 76 76 72 
6 82.5 81 82 79.5 
7 86 85 85 83 
8 88.5 87 87.5 86 
9 99.5 90 90 88 
10 92 91 9] 90 








1 Service Eng:neer, Archer-Daniels-Midland Co., Cleveland. 
* Harry W. Dietert Co., Detroit. 











A statement is also made that “mold hardness depends, to a 
great extent, upon the ease with which a molding sand flows 
together.” One must not be led to believe that sands which 
show greatest mold hardness under equal ramming energy will 
necessarily possess better mold wall surfaces in reference to large 
void spaces not comparable with their grain size. In other words, 
a streng bended sand with high compressive strength will possess 
a high mold hardness but pessess large voids at mold surface 
while a lower bonded and will possess a lower mold hardness 
and much smaller voids at mold surface—each sand being of 
same grain size and rammed with same energy. (Reference— 
illustration page 198, A.F.S. TRANsactions. vol. 48, 1940). 

One should differentiate between the mold hardness obtained 
and false void spaces on mold wall surface. The meld hardness 
ability of a sand could be called rammability while the false 
void spaces have been termed flowability since 1935. Endeavor- 
ing to treat both mold hardness and false void space under cne 
term is confusing and incorrect since hardness obtained and 
false voids obtained are two distinct properties. 

Mr. TAytor (Authors’ Clcsure): The authors are grateful for 
Mr. Dietert’s remarks concerning the flowability of foundry 
sands. 

On applying an external force upon a closed, rigid system 
filled with molding sand, the ccated sand particles move closer 
together and so assume a smaller volume. Initially, the flow is 
due to forcing the clay-water films coating the sand grains into 
inter-particle voids. This deformation cccurs at low stress and 
preceeds until the voids between coated sand grains are filled 
with hydrated clay particles or until the sand grains contact 
one another. Further flow can only take place by fracturing 
sand grains; such a deformation requires applying relatively 
high stresses. 

The extent to which foundry sand flows depends on the 
magnitude cf stress required to deform the film ccating the 
sand particles, on inter-particle void size, and on film thick- 
ness. Foundry sands which are bonded with films requiring 
low deformation stresses and having large inter-particle voids 
volumes as well as moderately heavy bonding films, undergo 
the greater deformation or flow. A sodium-bentonite bonded 
sand meets these requirements. Sands bonded with an oil-water 
eniulsion do not flow appreciably under applied stress. This is 
due to the relatively low stress required to effect contact be- 
tween sand grains. The Dietert-Valtier technique has yielded 
numerous values of 109 for sands of this kind, and so does not 
permit an accurate evaluation of their flowabilities. 

The authors agree with Mr. Dietert that the term “flowabil- 
ity,” which has been so loosely used since 1935, should be more 
carefully defined. 











METALLURGY AND MECHANICS OF HOT TEARING 


H. F. Bishop,* C. G. Ackerlind* and W. S. Pellini** 


ABSTRACT 


Solidification conditions at the time of hot tearing were de- 
termined by simultaneous radiography and thermal analysis of 
solidifying castings. It was established that hot tearing occurs 
at near solidus temperatures at which state solidification is es- 
sentially complete except for liquid films. Corrolary strength 
tests coupled with thermal analysis to establish the state of 
solidification at the time of the tests showed that the develop- 
ment of high strength followed immediately upon the elimina- 
tion of film regions. Variables such as C, P, S and pouring 
temperature were investigated by the above procedures and 
also by the use of castings of varied restraint design. The con- 
tributions of mechanical and metal variables to hot tearing 
were thus established. A new generalized theory of the mechan- 
ism of hot tearing is presented. 


Introduction 


Hot tearing, one of the most common and serious 
defects encountered in castings, is particularly diff- 
cult to control inasmuch as it involves an interaction 
of mechanical and metallurgical factors. While the 
primary mechanical factors of mold and casting de- 
sign which favor hot tearing are generally under- 
stood, there is a lack of agreement concerning the 
effect of such metallurgical factors as metal and solidi- 
fication variables. It is an accepted fact that hot tears 
occur when the contraction of the solidifying castings 
is excessively restrained by the mold or cores and that 
the tears occur in weak areas where the strain result- 
ing from the contraction is concentrated. These weak 
areas are localized hot spots such as gate and riser 
contacts, re-entrant angles or enlargements in the 
castings. Hall has shown the relation of hot zones 
and restraint to tearing by casting round bars with 
enlargements at their center and flanges on each end. 
He found that hot tearing was eliminated when the 
degree of strain concentration in the hot zone was 
sufficiently reduced by increasing the length of the 
central bulb. 

A number of investigations of metallurgical factors 
contributing to hot tearing have been reported in 


* Metallurgist and ** Head, Metal Processing Branch, Metal- 
lurgy Division, Naval Research Laboratory, Washington, D. C. 
The opinions expressed in this paper are those of the 
authors and do not necessarily reflect the opinions of the Navy 
Dept. 


the literature. However, the conclusions are for the 
most part highly contradictory. Gelperin? considered 
that hot tears are caused by the allotropic transfor- 
mation of the delta phase into the gamma phase 
since this transformation is accompanied by a marked 
volume contraction. He accordingly concluded that 
as the carbon is increased the steel is less prone to 
tear. Singer® also concluded that high carbon steels 
tear less readily than low carbon steels, and ascribed 
the difference to the wider solidification ranges of 
the high carbon steels which increase solidification 
time thus permitting temperature equalization with- 
in the casting. Juppenlatzt on the other hand 
claimed that a low carbon steel will not tear as 
readily as a high carbon steel because it has a nar- 
row solidification range and solidifies faster than a 
high carbon steel thus acquiring strength and duc- 
tility earlier. Lutz and Hickey® concur with Juppen- 
latz’s findings. Briggs and Gezelius*7 measured the 
amount of contraction of both unhindered and re- 
strained solidifying steel bars. They investigated plain 
carbon steels having carbon contents from 0.08 to 
0.90 per cent and also several alloy steels and show 
that under like restraint the contraction characteris- 
tics of all of the steels in the austenite temperature 
range were approximately the same. Thus, insofar as 
contraction factors are concerned neither carbon con- 
tent nor alloy content should influence the tearing 
properties of steel, 

It is generally agreed that sulphur and phosphorus 
favor hot tearing in steel although the exact mech- 
anism by which this occurs is not definitely known. 
Phillips® has observed that steel will tear more read- 
ily when sulphides are present as stringers rather 
than as globules and suggests that periodic aluminum 
additions be made to the ladle while pouring to pre- 
vent stringer inclusions. Hall'.® reports that both sul- 
phur and phosphorus markedly lower the temperature 
at which steel acquires ductility in cooling. Singer 
and Benek?® observed hot tears which had been par- 
tially filled with sulphur and phosphorus-rich liquid, 
indicating that these elements cause the retention of 
liquid segregates to temperatures at which hot tears 
occur. 
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There is a general acceptance that hot tearing of 
steel occurs considerably below the solidus tempera- 
ture. Korber and Schitzkowski'!! found that the con- 
traction of restrained bar castings having diameters 
of 20 to 50 mm and containing from 0.15 to 0.39 
per cent carbon deviates from normal at about 1300 
C (2370 F) indicating fracture. Hall'* and Briggs 
made tensile tests on solidifying bar castings and 
found that a medium carbon steel at 1300 C had a 
strength of 1800 psi and an elongation of 5 per cent. 
Such high ductility at accepted hot tearing tempera- 
tures is difficult to reconcile with the brittle appear- 
ance of hot tears. 

Middleton and Protheroe™ recently conducted 
tests on cast stee] bars restrained by means of springs 
and found that steels containing 0.07 to 0.40 per 
cent carbon fractured at temperatures between 1420 
and 1365 C (2590 and 2490 F). The bars which were 
24 in. long and had a cross-sectional area of | sq in., 
broke under loads of 10 to 200 lb. Middleton and 
Protheroe’s work is difficult to interpret in that the 
tearing temperatures which they report are the tem- 
peratures at which their bars fractured completely; 
no temperatures were reported for the bars which 
were only partially torn. 

While all of the investigations on steel indicate 
that tearing occurs at temperatures appreciably be- 
low the solidus, Vero'* and Lees!® by determining 
the temperatures at which aluminum alloys acquired 
strength concluded that hot tearing in aluminum al- 
loys occurs near the solidus temperature. While the 
temperatures of hot tearing in steel as determined by 
Middleton and Protheroe are appreciably higher than 
the temperatures determined by Korber and Schitz- 
kowski, they are still considerably lower than the 
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solidus temperature of 0.07 to 0.40 per cent carbon 
steel which varies between approximately 2710 and 
2650 F.* ; 

The effect of pouring temperature on hot tearing is 
debatable with many such as Singer’? believing that 
hot pouring will minimize hot tearing; while others 
believe that cold pouring is beneficial. Middleton 
and Protheroe conclude from their studies that the 
temperature of hot tearing is lowered and the ease 
of tearing is reduced by lowering the pouring temper- 
ature. 

It is evident that the underlying difficulty in the 
interpretation of the many investigations is a lack of 
basic information as to the mechanism of hot tear- 
ing. Such information is prerequisite to any approach 
aimed at separating and evaluating the contribution 
of various foundry variables. An investigation was 
accordingly planned to determine by direct experi- 
ment the conditions of solidification at which hot 
tearing occurred in order that the mechanism of hot 
tearing could be established. This investigation was 
conducted by x-raying castings during solidification 
and relating the time of origin of hot tears to the 
existing condition of solidification deduced by therm- 
al analysis. A simple casting system was utilized 
which permitted a wide range of control over the 





* The difficulties encountered in the measurement of tempera- 
tures in small steel castings are great and unless adequate pre- 
cautions are taken the measurements will be erroneous. To 
minimize conductivity losses through even fine thermocouple 
wires, the couples should be immersed in the casting for a 
distance of at least 1 in. Experiments at Naval Research Lab- 
oratory have shown that unless this is done the readings may 
be several hundred degrees low. The thermocouples cannot be 
used unprotected because of the ease with which they are con- 
taminated and yet the protection around the couples, usually 
quartz tubing, must be sufficiently small to prevent a chilling 
effect upon the metal and also to minimize the heat loss 
through the tube. The temperature measurements reported by 
many of these investigators are highly questionable since these 
precautions were generally not followed. 


Fig. 1—Test mold employed for the radiographic deter- 
mination of hot tearing temperatures. 
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contraction conditions. This system was also used to 
investigate the effect of metal variables on the sever- 
ity of contraction (mechanical) conditions which the 
casting hot spot can withstand. In addition the de- 
velopment of strength and ductility through he per- 
iod of solidification was determined by tensile type 
tests at various stages of solidification utilizing again 
a sample casting system amenable to exact thermal 
analysis. The various findings were finally interre- 
lated to deduce the interactions of metallurgical (me- 
tal and solidification) and mechanical (stress and 
strain) factors which determine the development of 
hot tears. 


Temperature of Hot Tearing 


Method of Procedure—The temperature at which 
hot tears originate was determined by means of a 
series of radiographs of a casting while it solidified 
and cooled in the mold. Tests were first made on 4 
per cent copper-aluminum alloy kecause of its low 
x-ray density and then extended to steels. The test 
casting and molding procedures used are illustrated 
in Fig. 1. The castings were | in. thick for aluminum 
and % in. thick for steel. Restraining bars were 
placed between the flanges to provide a reproducible 
condition of hindered contraction and chills were 
placed against the flanges and over the horizontal 
portion of the castings adjacent to the flanges to ac- 
celerate cooling in these regions and hence cause a 
rapid contraction of the casting. The resultant strain 
was thus concentrated at the hot central portion of 
the casting between the two risers. The mold above 
and below the central portion of the casting between 
the risers consisted only of l-in. thick layers of sand 
reinforced with perforated 4, in. thick steel sheet. 

X-ray exposures through the central sections of 
the castings were obtained at intervals of 30 to 60 
sec on film placed in the opening beneath the cast- 
ing. Type K film was used and each exposure re- 
quired 10 sec at 10 milliamperes; the kilovoltage for 
the aluminum and steel castings was 120 and 220 
respectively. Since the x-rays had to penetrate a 
total of 2 in. of sand and 1% in. of reinforcing plate 
in addition to the casting itself, the sensitivity ob- 
tained was anproximately 5 per cent of the casting 
thickness. The first stages of hot tear formation 
could be readily determined with this sensitivity 
since the direction of the x-ray beam was optimum 
for recording hot tearing. 

The cooling cycles at the center planes of the 
castings hetween the risers where tearing occurs were 
determined by means of thermocouples connected to 
automatic recorders. Twenty eight gage chromel- 
alumel couples were used in the aluminum castings: 
the thermocoup!e wires were separated from each 
other by means of two-hole alundum tubing and pro- 
tected with %,-in. op quartz tubing. To minimize 
conductivity losses the end of each thermocouple as- 
sembly within the mold cavity was bent at a right 
angle so that at least 1 in. of the thermocouple lay 
along the center plane of the aluminum plate. 

Twenty-six gage Pt-Pt-Rh (13%Rh) thermocouples 
were used to measure stee] temperatures; since the 
steel castings were 14 in. thick and cooled more 
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rapidly than the aluminum castings protection tubes 
of only 4¢-in. op were used in order to permit the 
couples to be surrounded with the maximum amount 
of molten metal. These small tubes were bent in 
the shape of a square “U” with the bottom of the 
“U” being about 3 in. long and located in the cast- 
ing center plane. The thermocouple bead was posi- 
tioned at the center of the “U” with a thermocouple 
wire leading out through each end of the tube. Thus 
the thermocouple was immersed in the center of the 
casting for the equivalent of at least 114 in, 
Temperatures were measured at the casting center 
plane because of the greater accuracy which could be 
obtained. It was found that in both the aluminum 
and steel castings the temperature differential be- 
tween the surface and center plane did not exceed 10 
F and that the center temperature lagged that of 
the surface by only a few seconds because of the rapid 
cooling at the critical solidus temperature range. 
Thus, the temperatures measured at the center plane 
may be considered to be effectively the temperature 
of the entire section. Typical cooling curves for 
aluminum and steel castings are presented in Fig. 2. 
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Fig. 2—Typical cooling curves for aluminum and steel 
test castings. 


Hot Tearing in Aluminum 


Approximately 20 test castings were made with the 
4 per cent copper-aluminum alloy melted in a high 
frequency induction furnace and poured at 1300 F. 
The temperature at which the first tears were ob- 
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served as well as the temperature of the preceeding 
radiograph which did not show tears are listed in 
Table 1. It can be noted that the tears are present 
at temperatures between 1000 F and 1035 F. The 
solidus temperature of the aluminum alloy as deter- 
mined by inverse rate curves was between 1000 and 
1010 F. Thus tearing begins at or slightly above the 
solidus temperature at which time solidification is 
very nearly complete and the remaining liquid is 
present as interdendritic films. Figure 3 shows the 
temperatures of the two critical x-ray determinations 
for all the test castings in relation to the solidifica- 
tion state cf the metal. 


TABLE 1—DETERMINATION OF Ho1 TEARING TEMPERA- 
TURE IN 4% CoprperR-ALUMINUM ALLOYS BY 
X-RAY METHODS 





Sound Castings Castings With Shrinkage 

Test Ist Hot Temp. of Tear Ist Hot Temp. of 

No. Tear Preceding No Tear Preceding 
Noted, °F X-ray, °F Noted, °F X-ray, °F 


29A 1035 1075 17 1030 1110 
29B 1020 1065 22 1075 1125 
$2 1025 1050 24 1050 1115 
34A 1000 1025 28 1030 1080 
34B 1010 1050 51 1075 1105 
35 1015 1050 33 1040 1090 
40 1030 1065 36 1040 1070 
40 1030 1070 39 1060 1105 

45 1070 1130 








» TEAR FIRST NOTED ON X-RAY 
¢ TEMP. AT WHICH PRECEDING X-RAY MADE 
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age-free castings. At these higher temperatures the 
solidification conditions differ from those of tempera- 
tures nearer the solidus primarily in the width of 
the liquid film regions, as may be deduced from Fig. 
3. Figures 4 and 5 show series of radiographs for 
castings with and without shrinkage. It can be seen 
that the hot tears originate in the shrink area which 
was invariably the case for castings which developed 
shrinkage. 


Hot Tearing of Steel 


Similar radiographic observations and thermal mea- 
surements were made on steel castings of various car- 
bon contents ranging from 0.03 to 1.00 per cent. 
The steels were melted in a basic induction furnace 
using an armco iron charge. All steels contained 
approximately 0.60 per cent manganese and 0.40 per 
cent silicon; the carbon was adjusted to the desired 
level by additions of Mexican graphite. Except for 
the case of special additions the sulphur and _ phos- 
phorus content was 0.02 per cent. Final deoxidation 
was accomplished by the addition of 0.10 per cent 
aluminum in the ladle and the castings were poured 
with a superheat of approximately 150 F. 

The steel castings, because of their smaller section 
thickness and higher solidification temperatures, 
cooled at a much faster rate than the aluminum cast- 
ings, Fig. 2, and the temperature differences between 
successive x-rays were accordingly somewhat greater. 
As with aluminum, tearing was considered as start- 
ing between the temperature at which the tear was 
first noted on the radiograph and the temperature 
at which the preceding radiograph was taken. These 
two temperatures for each test are listed in Table 2. 
Typical series of radiographs made during the solidi- 
fication of a 0.17 and 0.33 per cent carbon steel are 
shown in Figs. 6 and 7 respectively. 

Table 2 shows that as carbon content increases 


TABLE 2—DETERMINATION OF TEARING TEMPERATURE 
IN STEELS BY X-RAY METHODS 




















12 _LIQUIDUS _ 
—50% SOLID 
tit 
[ 1] ] I1*" ssa 
u eran __SOLIDUS__ 
3 CASTINGS FREE OF CASTINGS CONTAIN 
+ SHRINKAGE SHRINKAGE 
¥ 900 
29 32 34 40 17 24 3B 36 43 
29 34 35 4i 22 25 33 39 


TEST NUMBER 


Fig. 3—Summary data indicating hot tearing temperature 
range in 4-pct Cu-Al alloys. 


In the course of this work a few castings were found 
to contain shrinkage pockets and in these castings 
tearing began at somewhat higher temperatures than 
in the completely fed castings. In order to determine 
more definitely how the presence of shrinkage affects 
the temperature of hot tearing of aluminum, several 
castings were deliberately made to contain shrinkage 
by reducing the riser diameter from 3 to 2 in. and 
the riser contact to half the plate thickness. The 
temperature at which tears were first noted in the 
inadequately fed castings varied from 1020 F to 1075 
F as shown in Table 1; the average tearing tempera- 
ture is in the order of 30 F higher than for the shrink- 


Heat C,% Ist Temp of Fe-C Diagram 


No. Tear Preceding Solidus 
Observed X-ray, Temp., 

°F °F °F 
92 0.03 2765 2780 2775 
80 0.07 2685 2760 2750 
73° (0.17 = 2695 2725 2715 
68 0.22 2675 2700 2710 
61 0.25 2610 2660 2700 
58 0.28 2660 2670 2680 
82 0.31 2610 2675 2680 
101. 0.31 = =2650 2690 2680 *No Restraining Bar 
63 0.32 2600 2625 2675 or Horizontal Chills 
62 0.33 2600 2670 2675 
67 0.33 2635 2660 2675 
79 0.35 2645 2685 2670 *No Restraining Bar 
74 O41 2635 2685 2645 or Horizontal Chills 
66 0.57 2600 2660 2580 
76 «0.71 = 2515 2560 2545 *No Restraining Bar 
86 0.78 2495 2540 2505 
95 0.96 2470 2515 2470 
100 


* Test castings from a series aimed at deducing the possible 
efiect of decreased levels of contraction; all other tests con- 
ducted with standard casting having restraining bar, horizontal 
and vertical chills. 
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there is a gradual and consistent lowering of the hot 
tearing temperature. When these data are plotted 
on the Fe-C constitution diagram as tearing tempera- 
ture range vs carbon content, Fig. 8, it is noted that 
tearing over the whole range of carbon contents be- 
gins in the vicinity of the solidus temperature. It 
was observed in this series of tests that the tears be- 
come somewhat less pronounced as the carbon con- 
tent is increased. 


Temperature °F 





Percent Carbon 


Fig. 8—Summary data indicating hot tearing temperature 
range in steels as related to the Fe-C constitu‘ion diagram. 


In order to relate the effects of sulphur and phos- 
phorus to the temperature of hot tearing, the contrac- 
tion conditions of the test casting were modified to 
the point where the low sulphur and_ phosphorus 
steels no longer tore. This was accomplished by re- 
ducing the length of the test casting from 24 to 16 
in. and by eliminating the horizontal chills and re- 
straining bars between the flanges. The end chills 
were retained in order to produce an early solidifica- 
tion and rigidity in the flanges. The actual steps tak- 
en in the development of test casting having a hot 
tearing tendency slightly below that required to pro- 
duce tears in the base analysis clearly illustrate the 
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effects of mechanical variables. The restraining bars 
were first removed to reduce the level of restraint: 
this had little effect on hot tearing, indicating a high 
level of restraint by the sand. Next the horizontal 
chills were removed to decrease the time-rate of con 
traction; this resulted in an appreciable decrease in 
the hot tearing produced. Finally the length of the 
casting was reduced to 16 in. to decrease the amount 
of total contraction; this final change was sufficient 
to completely eliminate hot tearing. These varia 
tions in the mechanical condition did not affect the 
temperature of hot tearing, Table 2. 

The shortened test casting was then poured with 
steels to which phosphorus or sulphur was added. 
Abnormally high quantities were included in the 
series in order to aggravate the effects produced by 
these elements so that clear-cut trends would be in- 
dicated. It was found that each of these elements 
produced tears in the shortened castings, but the 
tears began at a temperature approximately 50 F be- 
low the solidus (Fe-C) temperature. The tempera 
tures at which the two critical radiographs were tak- 
en in each of the tests are listed in Table $ and are 
also indicated on the iron-carbon diagram, Fig. 7. 

The effect of inadequate feeding on the tempera 
ture of hot tearing was not studied in the steel] cast- 
ings because of the small section thicknesses involved 
which made it impossible to create gross shrinkage; 
thicker sections could not be used because of the 
limitations of the x-ray equipment. 


TABLE 3—EFFECT OF IMPURITIES ON HoT TEARING 
TEMPERATURE RANGE DETERMINED RADIOGRAPHICALLY 





Heat C,% S,% P.% First Temp of Fe-C Diagram 





No. Tear Preceding Solidus 
Observed, °F X-ray,°F Temp., °F 

838 0.36 0.12 2575 2635 2670 

96 0.33 0.09 2615 2640 2675 

91 0.38 0.07 2535 2635 2660 

98 0.38 0.11 2550 2610 2660 





SR-4 STRAIN GAGE 

















Fig. 9—Tensile test apparatus for solidifying castings. 
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Strength Tests of Solidifying Steel 


To determine the time and rate at which steels 
acquire strength as they solidify, 3-in. diam tensile 
bars were cast into the system shown in Fig. 9 and 
loaded in tension when they had cooled in the molds 
for different time intervals required to develop known 
thicknesses of solid skin. The mold consists of two 
strong cores fitted into a round two-part flask, one 
forming the cope, the other the drag. Circumferential 
ribs on the cope and drag halves provide the neces- 
sary grip action required to transfer the load from 
the sand to the casting. The drag half of the flask is 
fixed to the floor while the cope half is attached to 
a crane through an SR-4 weigh bar. As the load is 
applied to the casting the cope is lifted away from the 
drag and the casting fractured near the mold parting 
line. The load necessary to cause fracture is mea- 
sured by means of a direct reading photo-electric po- 
tentiometer connected to the SR-4 strain gage on the 
weigh bar. Such tests were made on 0.25 to 0.30 per 
cent carbon steels containing less than 0.02 per cent 
sulphur and phosphorus and also on similar steels 
which contained additions of sulphur and _phos- 
phorus. 

The strength data obtained from these tests are 
plotted in Fig. 10. The cooling cycles at four loca- 
tions along the midplane of the test bar as well as 
the “start of freeze” and “end of freeze’’ curves de- 
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duced from the cooling cycles'® are also shown so 
that the relation of casting strength to the condition 
of solidification can be observed. 

It can be seen that the load-bearing capacity of 
the cast bar of base analysis is virtually nil until a 
solid skin as indicated by thermal analyses begins to 
form. Thereafter, the load-bearing capacity rises rap- 
idly and at a time that 4 in. of solid skin has formed 
approximately 400 lb load is required for rupture. 


+— 
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LIQUID AND 
SOLID 
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Well Thickness - in 





Time (Min) 


Fig. 10—Summary data indicating the development of 
strength of various steels with solidification conditions. 
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steel test bars broken at the indicated times after pouring. 
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Fig. 12—Dendritic appearance of hot tear fractures; crystalline areas were untorn. 


At the time | in. of solid skin has formed the frac- 
ture load of the 1-in. thick ring is approximately 4000 
lb. (Sand core fractures occurred above this load 
level). These tests indicate that low strength at 
temperatures considerably below the solidus cannot 
be considered as a factor leading to hot tears. In this 
respect it should be noted that at a time when the 
l-in. solid skin is supporting a load of 4000 lb, the 
surface regions of the casting have cooled a maximum 
of only 60 F below the solidus. It can be noted that 
the effect of sulphur and phosphorus additions is to 
delay the time at which steel acquires strength. For 
example, the time at which steels containing added 
sulphur and phosphorus acquire a strength of 400 Ib 
is delayed for approximately 1 min and at compar- 
able times during the remainder of the solidification 
these steels are inferior in strength to the base steel. 
It is interpreted that the strength delay effect of these 
elements results from the development of liquid film 
segregates which effectively produce a lowered solidus 
temperature. The true end of freeze curve repres- 
senting complete elimination of liquid is thus shifted 
to longer times by these elements. 

Figure 11 shows a series of fracture surfaces of 
the test bars broken at different time intervals, There 
was no gross bleeding in bars broken after 4 min, 
although drops of interdendritic liquid were ob- 
served to bleed from the broken bars up to about 
5Y%4 min after pouring. Liquid metal after 514 min 
is retained in the broken casting by capillary action. 
All of the broken castings showed interdendritic frac- 
tures similar to those of the hot tear test castings, 
Fig. 12, except close to the surface of the bar cast- 
ings which had developed an appreciable solid skin. 
This may be observed from the photograph of the 
7-min test bar which shows a 4-in. surface zone of 
fracture having a ductile appearance. This zone was 
approximately 60 F below the solidus at the time of 
fracture and must be considered to be devoid of 
films from the fracture appearance. 


Metallurgical Factors Affecting Tearing 


The qualitative effects of carbon, phosphorus, sul- 
phur, and pouring temperature were studied by pour- 
ing molds, containing three separate flanged cast- 
ings, Fig. 13, designed to produce contraction condi- 
tions varying from mild to severe and hence to pro- 


duce different hot tearing tendencies due to varia- 
tions in mechanical factors. The metallurgical ef- 
fects were therefore evaluated on the basis of the 
severity of the mechanical condition required to cause 
tearing. The casting which developed the most rapid 
contraction was 24 in. long and heavily chilled at 
both the flanges and the horizontal portions of the 
casting adjacent to the flanges; an intermediate rate 
of contraction was obtained in a similar casting which 
was completely unchilled, while the third casting 
which developed mild contraction rates was only 16 
in. long and also unchilled. These castings will be 
referred to as I, II and III in order of increasing 
severity of contraction conditions. Each of the cast- 
ings was fed by two risers as indicated in Fig. 13; 
the metal entered the mold through the risers from 
a common runner basin. Although this gating meth- 
od resulted in castings having somewhat dirty sur- 





Fig. 13—Mold for triple hot tear test casting, incorporat- 
ing three levels of mechanical restraint. 
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0.03 S$ 


Fig. 14—Radiographs showing the interrelation of in- 

creasing sulphur (left to right) and increasing mechanical 

restraint (top to bottom) on the hot tearing tendencies 
of an 0.31-pct C steel. 
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Fig. 15—Radiographs showing the interrelation of in- 

creasing sulphur (left to right) and increasing mechanical 

restraint (top to bottom) on the hot tearing tendencies 
of an 0.59-pct C steel. 
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faces it permitted rapid uniform filling of the thin 
casting section. These castings were poured with 
superheats of approximately 150 F except for a pour- 
ing temperature series. Two or three such molds 
were poured from one heat of metal, the heat being 
split into fractions containing varying amounts of 
the element being investigated. Thus the effect of 
each increment of the variable element was observed 
under three conditions of restraint. 

The effect of sulphur content on the hot tearing 
tendencies of 0.30 and 0.60 per cent carbon steels is 
shown in Figs. 14 and 15 respectively. Each horizontal 
row of radiographs in Figs. 14 and 15 represents the 
same contraction condition ranging from the mild- 
est (I) condition at the top to the most severe (III) 
condition at the bottom. Each of the three vertical 
columns represents a steel having the same sulphur 
content with the lowest at the left and the highest at 
the right. As is to be expected, increasing sulphur 
content increases the severity of tearing and causes 
tearing to occur with conditions of lesser severity of 
contraction. 

Figure 16 shows in a like manner the reaction of 
steels containing 0.03 and 0.07 per cent phosphorus 
to the three different contraction conditions. It can 
be observed that phosphorus has an effect approxi- 
mately equal to that of sulphur. 

Pouring temperature variations were found to have 
no significant effect on hot tearing in these test cast- 
ings. A 0.30 per cent carbon, low sulphur and phos- 
phorus steel poured at temperatures between 2865 
and 3130 F tore only in casting III representing the 
most severe contraction condition and these tears 
were essentially of equal severity as can be noted in 
Fig. 17. 

In these test series as well as the preceding radio- 
graphic study series the tears in the high carbon steels 
appeared to be slightly less severe than in the low 
carbon steels. The differences, however, were rela- 
tively minor and possibly are not significant. 


General Summary 


The interdendritic fracture appearance of hot tears 
and their origin at near-solidus temperatures indi- 
cate that the basic mechanism of hot tearing is a 
separation at the film stage of solidification which 
exists when the solidus temperature is approached 
and only a minute amount of liquid remains. This 
conclusion is further supported by the evidence of 
the high strength and ductility of metal which has 
passed through the film stage. 

A number of interacting variables determine wheth- 
er or not tearing will actually occur when the critical 
film stage is reached. These factors fall into the two 
general categories of metal and mechanical variables. 
Metal variables cover factors which determine the 
nature and duration of the film condition and are 
primarily a function of the metal composition; mech- 
anical variables include the factors which determine 
hot spot and contraction conditions and are a func- 
tion of casting design and molding techniques. 

The primary requirement for hot tearing is the 
development of a hot spot which must extend to com- 
pensate for the contraction of solid regions. The 
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rigidity of the mold is a factor inasmuch as yielding 
of the mold wall is subtractive to the extension 
forced on the hot spot. The extension forced on the 
hot spot results in hot tear fractures when the critical 
film stage condition is reached because of the severe 
concentration of the overall extension into these 
zones to produce high unit strains. It is believed 
that the nature of strain distributions resulting from 
the extension of the hot zone at various stages of 
solidification are as shown schematically in Fig. 18. 
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Fig. 18—Schematic illustration of the basic mechanism 
of hot tearing. 


While the metal is in the mushy condition which ex- 
ists at temperatures considerably above the solidus, 
Fig. 18A, the extension of the hot zone is distributed 
relatively uniformly since the interdendritic liquid 
areas are relatively wide and mass flow of the pasty 
mass results. Furthermore it is possible that at this 
stage of solidification any tendency to separation can 
be countered by flow of feed metal. As the hot zone 
approaches the film stage the extension in the hot 
zone necessarily is forced into the liquid films which 
have no appreciable strength compared to the adjoin- 
ing solid dendrites. Figure 18B illustrates the high 
value of unit strains developed in these regions at 
this time. The width of the overall hot zone in a 
casting must be considered as a factor in determining 
if tearing will occur. If the hot zone is narrow and 
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only a few films exist, each film must accomodate a 
great amount of extension; a wide overall hot zone 
will have many films and the extension per film will 
be less, This factor may explain why Hall could 
eliminate hot tearing in his test bars by lengthening 
the bulb which formed the hot zone. If separation 
does not occur at the film stage of solidification, hot 
tearing is no longer possible, Fig. 18C, because the 
strains in the hot spot area are distributed in a reia- 
tively uniform fashion through the coherent and duc- 
tile solid metal. Stresses will build up in the casting 
as cooling continues until the low yield point of the 
hot metal is exceeded after which time creep flow oc- 
curs. Tears which occur during the critical film 
stage enlarge primarily in width as the casting con- 
tracts further on cooling below the solidus tempera- 
ture due to stressing across the notch area created by 
the tear. Enlargement of the tears in a true hot 
tearing fashion does not occur at emperatures below 
the true solidus. The enlargement in width is due 
to plastic yielding at the end points of the tear. 

The various observations of the interrelated effects 
of metal and mechanical variables resulting from 
this investigation permit further generalizations of 
the hot tearing problem. 

1. The time-rate of extension of the hot zone dur- 
ing its film stage is the primary mechanical factor 
which determines hot tearing. The film condition 
stage lasts for only a relatively short fraction of the 
total solidification time as can be observed by the 
accelerated rate of cooling of the metal as it passes 
through the solidus temperature. Hot tearing will 
occur only if a sufficient rate of extension is forced 
on the film regions during this short time. 

2. The rate of extension forced into the film zones 
is related to (a) the overall extent of the hot zone, 
(b) the amount of mold restraint, (c) the length and 
the rapidity with which the adjoining sections cool 
relative to the hot zone. 

3. The presence of elements such as sulphur ex- 
tends the film condition to lower temperatures and 
therefore increases the duration of the film stage. 

4. The longer the interval of film stage the greater 
the total amount of separation which is developed 
in the films. Thus, increasing the duration of the 
film stage permits hot tearing to result with lower 
time-rates of extension than would be necessary to 
cause hot tearing in the absence of film-forming ele- 
ments. Tearing moreover occurs at a lower tem- 
perature because of the longer time required to build 
up the extension to the critical value for separation. 

5. The presence of sulphur and phosphorus not 
only causes hot tearing to occur with milder mech- 
anical conditions but also causes enlargement and ag- 
gravation of tears which begin at the normal higher 
temperatures in the presence of severe mechanical con- 
ditions. The wider temperature range of hot tearing 
provided by these elements permits enlargement of 
the initial cracks in true hot tear fashion. Thus, as 
is normaly observed, film forming elements produce 
more numerous and also more severe hot tears. 

6. In the light of the foregoing analyses the ef- 
fect of pouring temperature should be considered 
highly specific to the type of casting in question. 
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This conclusion is based on the variety of possible 
effects from pouring temperature on the nature and 
extent of the hot spot and contraction conditions 
resulting from simple modification of gating and ris- 
ering methods. 
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DISCUSSION 


Chairman: R. H. Jacosy, The Key Co., East St. Louis, Ill. 

Co-Chairman: R. H. Frank, Bonney-Floyd Co., Columbus, 
Ohio. 

Recorder: J. R. Gotpsmirn, Crane Co., Chicago. 

J. B. Caine (Written Discussion):* The authors are to be 
congratulated upon another scientific contribution to the 
science of founding. Their work has at least eliminated the 
shaky presumption of a brittle range in solid metal just below 
the solidus and then a sharp increase to very high ductilities. 
Such behavior is theoretically very improbable. 

If the evidence of this paper that hot tearing occurs at the 
solidus temperature is accepted, a new field opens up in the 
study of hot tearing, made of solidification as determined from 
phase diagrams. For example, a number of investigators have 
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shown that steel with a carbon content of 0.20 to 0.30 per cent 
hot tears more readily than one with either lower or higher 
carbon. From the iron-carbon phase diagram it is seen that such 
steels solidify differently than steels with less than 0.18 per cent 
carbon, or more than about 0.30 per cent carbon due to the 
peritectic phase changes. The change from delta to gamma iron 
should be accompanied by a sharp, almost instantaneous linear 
contraction that is additive to the normal thermal contraction 
during cooling. With carbon contents between 0.2 and 0.3 per 
cent this extra contraction occurs when the metal is close to the 
solidus and is in, or near, the hot tearing range. Under the 
0.18 per cent carbon the delta-gamma transfcrmation occurs 
gradually when the metal is solid. Above about 0.30 per cent 
carbon this transformation and contraction occurs while the 
steel is still over 50 per cent liquid and the liquid metal can 
compensate for the contraction. 

Could the authors give a few details regarding the amount of 
restraint imposed on their test casting? Are the restraining 
plates so arranged that the metal is cast around them? If so, 
would the restraint be such that the rate of load application 
could be considered infinite? One last question. Are the repro- 
ductions of the radiographs about full size? If they are it should 
be possible to approximate the amcunt of ccntraction for a given 
drop in temperature by the increase in the width of the hot 
tear. Is the hot tear study with aluminum more accurate and 
informative than with steel? 

Messrs. Bishop, ACKERLIND AND PELLINI (Written Reply to Mr. 
Caine): Mr. Caine’s remarks are appreciated and the deductions 
he makes relative to carbon effects on hot tearing are logical. 

In the tesis for determining the temperature of hot tear origin 
chills were placed on both faces of the end flanges and four 114- 
in. diam restraining bars (2 in the cope and 2 in the drag) 
were molded between the flanges. The restraining bars fitted 
tightly against the chills on the inside faces of the flanges. hence 
the amount of allowed casting contraction was neeligible. 

The illustrations of the radiographs were reduced in printing; 
the radiographs were originally 6 in. square. 

The mechanism of hot tearing is believed to be the same in 
all metals, ferrous or non-ferrcus, and in all cases hot tearing 
undoubtedly cccurs near the solidus temperature. Critical cor- 
relation of the precise temperature of hot tearing in relation 
to the solidus temperature for the different metals is probably 
not possible due to their variable solidificaticn modes as indi- 
cated by the varying slopes and temperature separations of the 
liquidus and solidus lines in their constitution diagrams. For 
example the slopes of the liquidus and solidus lines fer alumi- 
num-copper alloys are not nearly as steep as those for iron 
carbon alloys. This indicates, by lever arm relationships, that 
the temperature range for film stage in Al-Cu alloys is somewhat 
wider than that of the iron carbon alloys. It is possible that 
this condition results in hot tearing at temperatures slightly 
above the solidus for the Al-Cu alloys and very close to solidus 
for the iron carbon alloys. A longer time interval of film stage 
(resulting from the wider temperature range of film stage) 
should result in increased tendency to hot tearing. As Mr. Caine 
suggests these basic concepts cpen up a new field of approach 
to the problem of hot tearing. 

U. K. BHatracuarya, C. M. ADAMS AND H. F. Taytor (Written 
Discussion):* We would like to congratulate Mr. Bishop and his 
collaborators for developing a new technique for determining 
the formation of tears in castings by means of radiographs ob- 
tained during solidification, and for presenting a theory about 
tearing in steel on the basis of a critical film of interdendritic 
liquid at the near-solidus temperature. 

Strain rate is an important factor that should be considered 
in any tensile test, even a test taken during ccoling from the 
liquid state in a mold. The authors have not mentioned at what 
rate they pulled the 3-in. diameter tensile bars. Therefore, we 
do not believe it would be logical to correlate the tensile test 
data with the tearing temperature unless the rate of testing’ is 
commensurate with the rate at which contraction develops in a 
casting before it tears. Hall? has shown clearly that strength 
and ductility of a 0.30 per cent carbon steel varied considerably 
with different rates of strain; low strain rate (0.046 in. per sec) 
produced less strength and ductility above 1320 C. Recently, 
Hamaker* and Wood reported tensile strength of gray iron 
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during cooling from the liquid state with a strain rate of 0.038 
-++ 0.001 in. per min. 

The authors’ specific criticism of Middleton‘ and Protheroe’s 
work does not seem entirely justified, even though our tests 
using their bar were not conclusive. We have worked with the 
British test casting and found that when tearing developed 80 
sec after the casting was poured, the metal was so weak that it 
breke completely within a few seconds. We have shown else- 
where® such casting failures even take place at temperatures well 
below the solidus. 

We believe it would be incorrect to assume a casting can only 
tear at near solidus temperatures. A simple casting under 
laboratory conditions may crack in the above range, but it is 
really difficult to determine at what temperature a complex 
casting may fail in practice. Therefote, it would be more 
appropriate to specify a critical temperature below which a cast- 
ing will not fai! under normal conditions. 

The authors contend that since a 14-in. zone of the 7-min 
test bar (Fig. 11) has a ductile fracture, it “must be considered 
to be devoid of films (liquid) from the fracture appearance” 
because the temperature at the time of fracture was only 60 F 
below the solidus. But, non-metallic phases frequently occurring 
in steel may have melting points well below this temperature. 
Also, the liquid film theory itself does not explain the cause 
of relative susceptibility of steels to tearing. It is felt that the 
tearing tendency depends upon the distribution as well as the 
existence of a liquid phase below the solidus. 

Smith® has shown that the distribution of intergranular liquid 
is related to the ratio of the energies of the inter-phase and 

ap 
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inter-crystalline boundaries of an alloy (that is, 
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is the energy of the interface of the liquid and solid crystals and 

yaa the energy cf the interface between two solid crystals and 
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makes against two solid grains). Extreme brittleness cccurs only 
if the dihedral angle is zero, because then the liquid will com- 
pletely “wet” the solid crystals. The above ratio is then equal 
to or less than 0.50. 

As the inter-phase energy increases, the dihedral angle in- 
creases and the liquid then exists in more-or-less compact form 
and may not be as harmful to the ductility. This energy depends 
upon the composition of the liquid and decreases as the com- 
position approaches that of the solid, and with it the dihedral 
angle also decreases. 

In his studies on the relative energies of iron/liquid sulphide 
interfaces in pure iron alloys, Van Vlack’ found that the dihe- 
dral angle of the liquid ircn sulphide decreased to zero at 1300 
C. When oxygen was present in the liquid sulphide, 9 was 15 
degrees at the same temperature, because the liquid was less rich 
in iron. Since mechanical properties at high temperature are 
functions of 9, determinations of @ which the liquid phase 
makes with y-iron grain boundaries at the tearing temperatures, 
may provide the answer for the relative tear-resisting properties 
of steels. 
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Messrs, BisHop, ACKERLIND AND PELLINI (Reply to Messrs. 
Bhattacharya, Adams and Taylor): The various questions raised 
by Messrs. Bhattacharya, Adams and Taylor have been consid- 
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ered in detail in conducting the experiments and in the prepara- 
tion of the text. The strain rate factor, for example, has been 
analyzed in detail beyond the simple first approximations pre- 
sented in the subject comments. Any analysis of this question 
must include the necessary consideration that the metal at film 
stage is not homogeneous. Thus, we are not dealing with the 
simple case of straining of a uniform material but of preferen- 
tial straining of the liquid film material. The nominal strain 
rates for the 3-in. diam test bars were 1.0 in. per sec but ob- 
viously it is impossible to speak of actual rates of strain in such 
a case for the significant strain is the separation which occurs 
in the liquid film itself. The rates of strain quoted in the dis- 
cussion must be recognized as being approximations which de- 
fine the rates of movement of the ends of the bar but in nowise 
represent the rates of strain in the non-strain-sensitive liquid 
film regions. 

It should be recognized that the significance of the load vs 
solidification state plot lies not in the actual loads measured 
but in the sharp change of load-bearing capacity with the de- 
velopment of a solid skin. The sharp change noted is in agree- 
ment with the basic theory of film formation during the last 
stages of solidification of metals. The authors do not claim any 
originality in the concept of film formation for this is an 
accepted metallurgical fact—the originality of the present paper 
lies in the demonstrated correlation of hot tearing temperature 
to the constitution diagram. The 3-in. pull tests merely reinforce 
the already overwhelming proof obtained by radiographic meth- 
ods that hot tearing is a film stage problem. As such it opens 
up new fields of productive rational thinking concerning this 
serious foundry problem. 

The authors hold an unqualified objection to the past and 
apparently persisting misconception that hot tearing of steels 
of normal commercial S$ and P content can occur to tempera- 
tures several hundred degrees below the solidus. In this respect 
Hall,? Middleton and Protheroe* and Bhattacharya, Adams and 
Taylor are mistaken in their interpretation of the temperature 
records. The common error of inserting a thermocouple directly 
into a sub-surface of a bar or plate leads to errors in tempera- 
ture measurement in the order of 150-200 F. This point is dis- 
cussed in the text of the present paper and does not therefore 
require further explanation. 

The discussors’ point regarding distribution of non-metallic 
constituents if properly analyzed should adequately explain why 
steels of normal S and P contents should not be expected to hot 
tear several hundred degrees below the diagram solidus. Simply, 
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there is not sufficient non-metallic film constituent to bring the 
average composition of the film to near eutectic ranges which 
would be required to substantiate the case for abnormally low 
temperatures of hot tearing. ; 

The case for the theoretical dihedral angle consideration is 
based on concepts of planar boundaries which have in fact 
provided the basis for the formulae quoted. It is most difficult 
to reconcile the complex dendritic form of hot tear surfaces 
which represent the actual prior surfaces of the liquid films with 
such simplified concepts. The near zero dihedral angle of low 
oxygen content iron sulphide liquid in contact with austenite 
at 1300 C (2372 F) as compared to oxygen rich liquid cannot be 
translated to signify that similar surface tension differences are 
developed at near-solidus temperatures. It is entirely possible 
that reversals or other changes would occur due to the increased 
temperature. Answers in this respect, if provided, must be based 
on applicable data. 

J. A. Rassenross (Written Discussion):* The authors are to be 
complimented for making a significant contribution to our 
knowledge of the mechanism of hot tearing. This paper shows 
evidence of careful work and a thorough approach to the 
problem. 

The study of plain carbon steels at a sulphur content of 0.02 
per cent indicates that hot tearing starts at a temperature just 
below the solidus temperature for the steel in question. When 
the sulphur and phosphorus contents are increased markedly, 
the temperature at which hot tears start is decreased. The 
authors state: “It is interpreted that the strength delay effect 
of these elements (sulphur and phosphorus) results from the 
development of liquid film segregates which effectively produce 
a lowered solidus temperature.” 

It is presumed that no Type II inclusions were present, since 
the authors used an aluminum addition which is normally suffi- 
cient to avoid the formation of Type II inclusions and no 
mention is made of their presence. 

Have actual measurements been made of the effect of sulphur 
and phosphorus on the solidus temperature which demonstrate 
that the authors’ interpretation is correct? 

In short, what evidence do the authors have which demon- 
strates that the specific effect of sulphur and phosphorus is to 
extend the film stage and not to have an effect such as an alloy- 
ing element would give. 


® Research Metallurgist, American Steel Foundries, East Chicago, Ind. 








A STUDY OF THE FORMATION OF NODULAR GRAPHITE 


By 


Fredrik Hurum* 


Spherulitic or nodular graphite has long been 
known to exist and various authors, such as Samuel 
Epstein,! have pointed out that charcoal pig-iron 
under ordinary foundry conditions sometimes give 
finely divided nodular graphite, while coke pig irons 
give long thin flakes. 

H. Gréber and H. Hanemann? who investigated 
the formation of graphite in hyper-eutectic melts pre- 
pared from Armco iron and sugar carbon were able 
to produce spherulitic graphite in melts containing 
6.67, 7.40 and 7.70 per cent carbon when chilled. 
Such spherulites revealed the characteristic cross un- 
der polarized light and had a diameter up to 6yz. 

Messrs. H. Morrogh and W. J. Williams, working 
able to produce spherulitic graphite when adding 
cerium to hyper-eutectic melts. When the addition 
of cerium was followed by an addition of ferrosilicon 
they could also produce graphite spherulites in hypo- 
eutectic melts. Messrs. Millis, Gagnebin and Pilling 
were able to use magnesium instead of cerium in a 
dual treatment analogous to that of Morrogh and 
Williams. 

It is known that both cerium and magnesium act 
as carbide-stabilizers in cast-iron. The genesis of the 
graphite nodule in cast-iron has been widely dis- 
cussed, but no theory has apparently found general 
acceptance. 

For the present investigation various grades of pig 
iron were remelted in a 15 kw high-frequency spark- 
gap induction furnace. Sillimanite crucibles were 
used for all melting and the charges varied from 2 to 
6 lb. Different methods were used to add magnesium 
and ferrosilicon to the melt. Telescopic test-pieces 
having diameters of 5,10,20 and 40 mm and test bars 
having 20 mm diam were cast in graphite and core 
sand molds. Several melts of synthetic cast iron were 
also made and treated in various ways. The test 
bars and telescopic samples were examined under 
the microscope and usually also subjected to chemical 
analysis. 





* Dept. of Metallurgy, Norway Institute of Technology, Trond- 
heim, Norway. In the absence of the author, this paper was 
presented by Jack Keverian, Massachusetts Institute of Technol- 
ogy, Cambridge, Mass. 
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An interesting observation was the occurrence of 
black or dark films in melts having been treated with 
magnesium and ferrosilicon. Such films do not ap- 
pear to have been noticed or described by investi- 
gators of nodular graphite, although J. E. Rehder 
is known to have referred to a brownish substance 
which he believed to be magnesium sulphide. 

Figure | illustrates such films found in the the 10- 
mm section of a telescopic test piece of remelted pig 
iron which contained only traces of sulphur. Sulphur 
could accordingly not be a part of such films. Fer- 
rite is seen along the borders of the films. M. G. 
Corson® in his notes on iron-silicon alloys speaks of 
films and a foam of graphite, while the German ex- 
pression “Garschaum’’—implies that the graphite may 
have a foam-like appearance. 

Of considerable interest was the discovery that 
graphite nodules existed on these films taking the 
appearance of sprouts which seemed to detach them- 
selves and drift out into the melt as full-fledged spher- 


Fig. 1—Films in nodular cast iron; Melt 39, a sulphur-free 
electro pig iron with 4.5 C. Photomicrograph made of a 
10 mm-diam section. Mag. 600x. 




















Fig. 2—Films in chill-cast nodular iron. Photomicrograph 
taken of 5 mm-diam section. Nodules are attached to films. 
Free cementite and ledeburite are present. Mag. 600x. 


ulites. It looked as if these sprouts were drawing 
nourishment from the films. 

These films were also found in considerable size in 
the chilled section of 5-mm diameter. Figure 2 illus- 
trates such films in white iron of various melts where 
a ledeburitic structure prevails, sometimes with ex- 
cess cementite. On, or adjacent to such films are 
invariably seen the graphite nodules. The films ap- 
pear to have been formed in a hyper-eutectic melt. 
Crystals of cementite may be seen to cut into the 
films at some places, although the ledeburitic matrix 
has usually vanished along the borders of the films. 
Of interest is the fact that such films also occur in 
hypo-eutectic cast irons. The films seemed, on first 
sight, to be identical in substance with the graphite 
nodules. 

These films were frequently found present in the 
shape of rings or loops. The matrix inside the loop 
would frequently have a lighter and brighter appear- 
ance than the outside, pointing to a difference in 
composition. Cementite and even pearlite would 
sometimes be missing inside the loop, while free ce- 
mentite might be present in the outside matrix. 
Figure 3 shows micrographs of some loops and rings. 
They are evidence of the films being formed on the 
border between molten strata of different silicon 
contents. The difference in size between the nodules 
on each side of the loop is often striking and points 
to a difference in carbon content. The conclusion to 
be drawn was that the films were formed on the 
border between a high silicon, low carbon melt and 
a liquid of high carbon and low silicon content. The 
nature of these films is difficult to reconcile with the 
notion of the crystalline state; it suggested the pres- 
ence of graphite as a colloidal precipitate. 


The Fractional Diffusion 


The author's attention was called to the fact that 
finely crushed ferrosilicon had a remarkable thicken- 
ening effect when added to the molten cast iron. The 
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alloy would rise to the surface and form a fused 
cover. When this cover was stirred into the metal 
the thickening, effect became very noticeable even 
when the metal was very hot. A paste-like substance 
resulted which would only gradually dissolve in the 
metal. This substance often remained in the furnace 
or crucible in substantial quantities if not allowed 
sufficient time for homogenization before pouring. 
Thermic considerations alone did not seem to ac- 
count for this behavior. A microscopic examination 
of this paste-like substance revealed the presence of 
massive ferrites which contained interstitial D-type 
graphite. A sample taken at random was analyzed 
and found to contain 10.41 per cent silicon. 

This observation, it was felt, could explain how 
the addition of only very small amounts of ferrosilicon 
to a hypo-eutectic melt would be capable of creating 
local hyper-eutectic zones such as would be necessary 
for the production of graphite nodules. The idea 
that a low carbon melt would render hyper-eutectic 
zones by the simple empirical addition of a small 
amount of ferrosilicon did not look as the most con- 
vincing explanation. 

The microscopic examination of many melts re- 
vealed the presence of massive ferrites as remnants 
of the inocculation with ferrosilicon, provided that 
the metal had not been kept too long or at too high 
a temperature before pouring. 

Figure 4 shows silico-ferrite in nodular cast-iron. 
The presence of graphite on the border of the mas- 
sive ferrite is significant both with respect to appear- 
ance and quantity. The author believes that only 
the principle of what may be termed “fractional dif- 
fusion” may explain the efficiency with which a small 
amount of ferrosilicon is capable of producing sub- 
stantial zones of hyper-eutectic metal in a hypo-eutec- 
tic melt. 

Here it may be well to sum up the brief features of 





Fig. 3—Films seen as loops in nodular iron. Inside loop 
seems to have a structure different from that of the out- 
side, indicating a difference in composition. Melt 45 was 
chill-cast and annealed, 40 mm-diam section. Mag. 180x. 
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Fig. 4—Massive ferrite precipitated in nodular iron; F, 

ferrite, P, pearlite. Heavy graphite precipitations seen be- 

tween ferrite and pearlite result of fractional diffusion. 
Light etch. Mag. 600x. 





the Fe-Si system, the figures being taken from an in- 
vestigation of Haughton and Becker.® 

Starting with a 75 per cent ferrosilicon alloy, this 
will consist of the silicon phase and the zeta-phase 
corresponding to the compound Fe,Si; with a small 
amount of silicon in solid solution. The silicon phase 
and the zeta-phase will form a eutectic at 1203 C 
(2205 F) and with about 58 per cent silicon. As iron 
now is added to the system the silicon-phase will dis- 
appear and the zeta-phase alone exist. The com- 
pound Fe,Si; will melt at 1205 C (2200 F). As more 
iron is added the compound Fe,Si; will now hold a 
little iron in solid solution and form another eutectic 
point, this time with the compound FeSi at 1212 C 
(2214 F) and with about 51 per cent silicon. Here 
the zeta-phase vanishes and the epsilon-phase comes 
into existence corresponding to the compound FeSi 
which melts at 1410 C (2570 F) and holds 33 per 
cent silicon. 

As will be seen from the above the liquefaction 
of the ferrosilicon does not present difficulties as far 
as the temperature goes. As however still more iron 
is added and the silicon content in the Fe-Si system 
falls towards 33 per cent it will be necessary to resort 
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to a temperature above 1400 C (2550 F) to secure 
liquefaction. As still more iron is added to the system 
and the silicon content is reduced below 33 per cent, 
the liquidus curve will again fali until another eutec- 
tic point is reached corresponding to about 21 per 
cent silicon and at 1195 C (2183 F). At this point 
the epsilon- and the alpha-delta-phases meet. 

To gain some insight in the Fe-Si-C system the 
author drew up the isotherms from the available 
liquidus and solidus points. While the Fe-Fe;C side 
may be regarded as thoroughly investigated, the same 
cannot be said of the Fe-Si side. Very little informa- 
tion is available to demonstrate the effect of carbon. 
The work of such investigators as Satoh, Honda and 
Murakami, Kriz and Poboril, Jass and Hanemann, 
Wiist and Petersen, Gontermann and Hanson were 
consulted. Figure 5 gives the isotherms. The line of 
maximum carbon solubility based on the observa- 
tions of Honda and Murakami. The eutectic line is 
taken from the work of Jass and Hanemann.’? 


~ 


As will be seen from Fig. 5 the alpha-delta-phase 
is likely to hold far more silicon but less carbon than 
the gamma-phase when the two phases co-exist. This 
fact appears frequently to be ignored judging from 
misleading diagrams used to demonstrate the influ- 
ence of silicon on the Fe-FesC system. There appears 
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little reason for assuming that silicon is evenly dis- 
tributed in the alpha- and gamma-phases over a wide 
range of temperature and even in the liquid in the 
presence of the two solid phases. On the contrary it 
may be expected that a low-silicon austenite may co- 
exist with a high-silicon ferrite and thus serve to 
withdraw important amounts of iron from the melt 
under the mechanism of a fractional diffusion. 

Figure 6 depicts what may be conceived to happen 
when ferrosilicon is added to a hypo-eutectic melt 
holding 3 per cent carbon and 2 per cent silicon. The 
alloy will first become liquefied and absorb iron from 
the surrounding melt thereby swelling up consider- 
ably under precipitation of alpha-delta iron (silico- 
ferrite) and gamma-iron together with some Fe-Si 
crystals. Both the silico-ferrite and the FeSi phase 
would mean a serious impediment to the diffusion 
of carbon. (So may the formation of SiC prove to be 
as will be seen later). The formation of the fairly 
stable FeSi phase may even prove an obstacle to the 
migration of silicon. The same may be true of the 
SiC precipitate and to a lesser degree of gamma-phase 
which has a restricted solubility for silicon. Of the 
three elements iron is the only one free to travel 
through all the phases with the exception of SiC. 
Even the epsilon phase is granted to have a certain 
solubility for iron. 

Figure 7 presents the quantitative results of the 
fractional diffusion such as might be imagined when 
one part of ferrosilicon (50 Fe-50 Si) is added to ten 
parts of cast iron. Two-fifths of the total weight are 
seen to be precipitated as a low carbon mixture of 
ferrite and austenite, while the remaining three- 
fifths would consist of a hyper-eutectic melt capable 
of liberating an appreciable amount of graphite. Such 
results would of course not be in conformity with the 
statics of the phase rule and must be regarded as 
only transitory allowing the selective diffusion of the 
three elements involved. As a matter of fact the inoc- 
culation with ferrosilicon is in itself only of transi- 
tory effect. When the alpha- and the gamma- pre- 
cipitates are redissolved in the melt, the nodular 
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graphite will also begin to dissolve. 

No claim to accuracy is made for Figs. 6 and 7. 
Their purpose is only to give an idea of the extent 
to which the double precipitation of silico-ferrite and 
austenite may draw iron away from the surrounding 
melt and enrich it with carbon. 

The precipitation of alpha-ferrite containing 9 
per cent silicon and 0.2 per cent carbon may truly be 
expected from a melt containing in the neighborhood 
of 10 per cent silicon and somewhat less than 0.5 per 
‘cent carbon when the temperature is around 1300 C 
(2375 F). Succeeding this precipitation, or simultane- 
ously with it, the formation of gamma-iron holding 
3 per cent silicon and 0.6 per cent carbon may be 
anticipated. The only requisite to this result would 
be the local creation of a liquid holding 10 per cent 
silicon and less than 0.5 per cent carbon—a condition 
that easily can be met if admitting the comparative 
ease with which the iron will diffuse. By way of 
example it has been assumed that one-half of the 
silicon in the alloy would diffuse into the melt, mov- 
ing in opposite direction to the iron. Carbon will of 
course also diffuse from higher to lower concentration, 
but this migration is lagging and gains importance 
only as the precipitated phases begin redissolving. 

The author does not wish, of course, to suggest 
any such procedure as adding one part of alloy to ten 
parts of metal, but such an exaggerated proportion 
would nevertheless exert itself locally whenever the 
inocculant is added to the metal. 


The X-Constituent 


The fractures of many test bars were examined. 
Successfully treated metal would usually not reveal 
much of interest, except that graphite nodules would 
be present in every conceivable shape and size and 
often be linked together in a number of two or more. 
The theory advanced that the genesis of the graphite 
nodule is a certain nuclei on which the graphite 
would crystallize in a certain way seemed to be only 
a part of the picture. 

Test bars have a tendency to break where imper- 
fections are found and it was a hope that such de- 
fects would have an explanation to offer. In some of 
the fractures black spots or patches could in fact be 
seen, indicating an uneven distribution of carbon 
likely to be due to the metal having been poured 
before the necessary degree of homogeneity had been 
acquired. See Fig. 8. Under the microscope it could 
be seen that graphite films sometimes would cut 
through a considerable portion of the polished section 
while heavy conglomerations of carbon often would 
accompany them. Sometimes cavities were discovered 
and the path of fracture could often -be identified 
with the location of a film. 

The etching of the surface in such sections where 
graphite films and carbon conglomerations occur is 
often rendered difficult because the reagent will be 
absorbed in the pores and cracks and it will subse- 
quently discolor interesting details. This difficulty is 
likely to explain why an important detail apparently 
has escaped the notice of investigators of nodular cast 
iron. This important detail for the sake of conveni- 
ence will be referred to as the X-constituent. It has 
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an appearance which is different from any constitu- 
ent of cast iron and steel, although it may sometimes 
be difficult to discern from pearlite when etched. 

It will readily be discovered, however, whenever 
present, in the carefully polished unetched section 
and it shows up well when lightly rubbed with cot- 
ton moistened with alcohol or acetone until com- 
pletely dry. It appears in both heat-treated and in 
the as-cast samples. This X-constituert may be re- 
garded as a pregnant liquid capable of producing 
enormous numbers of graphite nodules when dis- 
tributed into the hyper-eutectic melt surrounding it. 
In this X-constituent is found the genesis of the nod- 
ule. This constituent is hard and brittle and several 
cracks have been found to exist in it. 

Figures 9, 10, 11 are microstructures of X-con- 
stituent as it appears in various melts. It is seen to 
consist of myriads of small particles in a metallic 





Fig. 8—Defective fracture due to heavy film formations. 
Metal not sufficiently homogenized. Mag. 6.5x. 


matrix. The graphite is precipitated on these par- 
ticles, but apparently in different ways. 

The fine particles were at first supposed to be pure 
graphite of a colloidal origin: which coagulated and 
took the shape of films and spherulites, but a further 
examination made it appear likely that they were of 
a foreign substance. 

Figure 11 gives evidence of graphite being pre- 
cipitated on a foreign substance. This substance 
could be traced back to the particles of the X-con- 
stituent. The appearance of these particles are, how- 
ever, usually obscured by the adhesion of a slimy de- 
posit which gives them a dark color and soft con- 
tours. They appear like minute clots. The move- 
ment of these particles are easy to follow and study. 

Figure 9 indicates that the fine particles are not 
evenly distributed in the X-constituent. They are 
seen to form concentric bands in an arrangement 
which very much resembles the pattern of annuals in 
a tree, and which grow in thickness as they approach 
the circumference. The size of the particles also dif- 
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fers. The suspicion that carbon as it diffuses slowly 
from the outside towards the interior of the liquid 
X-constituent is instrumental to the formation of the 
particles as well as their destruction seems substan- 
tiated. 

The X-constituent appears to contain a_ high 
amount of silicon which however may vary. This 
silicon when diffused into the adjacent melt, is likely 
to produce a ferritic matrix around the X-constitu- 
ent. Figure 10 clearly shows ferrite which the out- 
side pearlite may be seen to encroach upon (x100, 
slightly etched). The X-constituent may often be 
seen by the naked eye as a bright spot in the etched 
section of a specimen. 

Figure 12 shows how the X-constituent with its mul- 
titudes of fine particles will create nodules when dis- 
seminated into the surrounding high carbon melt. 
Fig. 13 shows how the dissemination of nodules pro- 
ceeds. It was the author’s desire to identify the fine 
particles of the X-constituent. At least some of them 
appeared very hard and left stripes in the surface when 
polishing. Several possibilities had to be considered. 
Would they be carbides or silicides or would both of 
them be present? New compounds would also have 
to be reckoned with. The X-constituent resembled 
finely spheroidized cementite and this compound may 
be considered first. 

It has been a general belief that iron carbides can- 
not exist in high silicon cast iron, but such investi- 
gators as Kriz and Poboril® have reported the pres- 
ence of carbides in chill-cast specimens containing 
about 10 per cent silicon and 0.22 per cent to 1.35 
per cent carbon. More recently J. E. Hurst and R. 
V. Riley maintained that iron carbides were present 
in a 15 per cent silicon iron when chill-cast.® D. 
Marles!® reported two different carbide constituents, 
one of which formed in high silicon melts and would 
not be heat tinted while it decomposed on annealing 


Fig. 9—Photomicrographs showing X-constituent coales- 

cing (right) into a band which is the origin of the films. 

The X-particles assume a slimy appearance as they ap- 

proach the outer edge of the X-constituent. Mag.—Left, 
100x; Right, 2000x. 
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Fig. 10—X-constituent with the formation of films. A loop 

forms around the X-constituent. Ferrite band, F, present 

between pearlitic matrix, P, and X-constituent, X. Light 
etch. Mag. 180x. 


at 700 C (1290 F). E. D. Harry! pointed likewise to 
a duplex structure of the carbides in a 4 per cent 
silicon iron. 

Unfortunately no accurate knowledge is available 
with respect to double carbides of iron and silicon, 
nor do we possess any knowledge of compounds of 
iron silicides with iron carbides or silicon carbides. 
The possibility of such compounds being formed dur- 
ing the inocculation with ferrosilicon should be borne 
in mind. The action of magnesium must also be con- 
sidered. It may form carbides or double carbides. 

Magnesium may be expected to be present in the 
X-constituent. The compound Mg,Si melts at 1102 C 
(2015 F) and is soluble in silicon. When iron enters 
the system Mg,Si-Si, the solubility of this silicide is 
markedly reduced and it will be set free in a fine con- 
dition by iron under the formation of FeSi. Mg.Si is 
likely to be present in the X-constituent. Nodular 
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Fig. 11—X-particles coalesced into bands. Slimy fluid is 
seen as black substance between X-particles. Nodules are 
seen to form on this fluid (Z-fluid). Mag. 600x. 


cast iron will produce a marked odor of carbides and 
silanes when ground in the presence of water. 

The presence of silicon carbide in cast iron does 
not appear to be recorded. Silicon carbide is known 
and used as a graphitizer. It has been suggested that 
this compound takes part in the transformation of 
cementite to graphite, but no theory has found ac- 
ceptance. 

The presence of the compound FeSi—the epsilon 
phase—of the Fe-Si system must be anticipated. As 
will be seen from Fig. 5 the compound FeSi begins 
to form in a melt with 21 per cent Si. When carbon 
enters the mother liquid the eutectic point moves to 
the right and was found at 17 per cent Si with 0.5 
per cent C by Jass and Hanemann.? Accordingly the 
precipitation of FeSi could be effected in a melt 
holding from 17 to 33 per cent Si if carbon were 
allowed to enter the mother liquid. This precipita- 
tion would take the appearance of very fine particles 
if sufficient nuclei were present. 

In order to establish the exact nature of the X-con- 
stituent, the author tried to synthesize it by prepar- 
ing melts from Armco iron with varying amounts of 
silicon to which charcoal iron was subsequently added. 
Silicon of 98.9 per cent purity was used. The alloys 
were melted in a sillimanite crucible in the high-fre- 
quency furnace. After pouring a sample of the binary 
alloy, a small addition of magnesium was made and 
a new sample was poured. Thereupon a certain 
amount of pig iron was added in an attempt of in- 
verted inocculation. As soon as the pig iron was dis- 
solved, the melt was stirred and poured. The follow- 
ing alloys were examined: 

No. 90 holding 10.74 Si and 0.58 C 


No. 91 ” 15.15 Si ” 0.38 C 
No. 92 ” 21.04 Si ” 0.28 C 
No. 93” 22.85 Si ” 0.38 C 
No. 94” 27.32 Si ” 0.11 C 
Naw * 25.86 Si ” 0.32 C 


No. 96 ” 25.8 Si ” 0.22 C 





FORMATION OF NODULAR GRAPHITE 


The addition of magnesium was not seen to affect 
the microstructure of the binary alloys. 

Alloy 90 and 91 were found to consist of silico- 
ferrite (alpha-phase) with eutectic. In alloy 90 fine 
interstitial D-type graphite was clearly visible while 
in alloy 91 the graphite appeared as extremely small 
flakes and in small quantities. The other alloys con- 
tained the epsilon phase with eutectic, but without 
visible signs of graphite. 

It was found, however, that well-defined hexagonal 
crystals of brown color would co-exist with the epsilon 
phase. Their size would vary considerably and their 
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Fig. 13—Dissemination of X-particles into melt. Mag. 
300x. 
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distribution was not always uniform. They were seen 
to be present in the epsilon-phase and in the eutectic. 
Under high magnification (x1250) they could also 
be discovered in alloy 91, but in small quantities. 
Even in alloy 90 a few of these crystals could be dis- 
covered under high magnification. 

After an extraction with fuming hydrofluoric acid 
followed by ignition, the insoluble residues of the 
alloys were subjected to an X-ray examination. The 
Debye-Scherrer diagram gave sharp lines correspond- 
ing to SiC (II) with a = 3.095 A and c = 15.17 A and 
SiC (III) with a = 3.095 A and c = 10.10 A. The 
hexagonal modification SiC (I) was found to be pres- 
ent in minor quantities while the cubic modification 
could not be traced. 

Only the alloys 90, 91 and 93 had dissolved the 
carbon in the pig iron to the full extent. Alloy 96 
was on the contrary found to contain only 0.22 per 
cent against an amount of carbon in the pig cor- 
responding to 1.6 per cent. The erratic behavior of 
the carbon may be due to the formation of an amor- 
phous substance in which carborundum is present 
and which does not dissolve in the metal. This sub- 
stance seems to form a crust on the crucible and may 
be found as inclusions in the metal. 

Figure 14 shows silicon carbide in the alloys men- 
tioned above. In alloy 90 two small crystals may be 
seen. (1250x) 

A re-examination of a number of test-bars which 
now followed, proved that silicon carbides were pres- 
ent both inside and outside the X-constituent. The 
carefully treated insoluble residues from some of 
these samples were X-rayed and the Debye-Scherrer 
diagrams clearly indicated the presence of SiC (I), 
SiC (II) and SiC (III) with the exception of one 
sample which revealed the presence of only magnetite 
(Fe;0O, cubic, a = 8.37 A) 

Figure 15 shows SiC-crystals as found in nodular 
cast iron. At high magnification hexagonal crystals 


Fig. 14—-Silicon carbides in iron-silicon alloys. The sili- 
con carbides were produced by adding a pig iron to the 
iron-silicon alloys. Mag.—Left, 1250x; Right, 600x. 
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resembling SiC may be seen among the particles of 
the X-constituent and there is reason to believe that 
silicon carbide plays a part in the formation of nodu- 
lar graphite. There is, however, hardly any justifica- 
tion for drawing the conclusion that the fine particles 
consist exclusively of SiC. As already pointed out 
there is good reason for presuming that silicides are 
present. It may suffice to point out that SiC co- 
exists with FeSi in the alloys prepared and there 
appears no reason why they should not co-exist in 
the X-constituent. 

It cannot be denied that the appearance of the 
fine particles in the X-constituent suggested the pres- 
ence of a graphite-eutectic, nor can it be denied that 
some of the particles resemble spheroidized cementite, 
but the author holds the opinion that the nature of 
the X-constituent is that of a high-silicon liquid phase 
which has been injected into a high carbon melt. 
The contour of the X-constituent corresponds to 
those of a liquid phase which is in movement in 
another liquid phase. The fine particles of the X- 
constituent should be attributed to the effect of a 
sudden penetration of carbon into a high silicon 
fluid. 

This review would not be complete without con- 
sidering also the presence of Fe;Si. This compound 
has been presumed to exist, but unfortunately its 
existence has not been proven. The liquidus and 
solidus lines of the Fe-Si system are seen to meet at 
a point corresponding to the composition Fe,Si and 
this irregularity, although vague, has been attributed 
to the existence of such a compound. Until the mat- 
ter has been further investigated, it would be wise 
to allow for its presence, particularly so in view of 
the possibility that magnesium silicide may form com- 
pounds with iron silicides. 

Presence of Fe;Si has been indicated in Fig. 5. if 
present as fine particles in the X-constituent, the im- 
portance of this compound may readily be realized. 
Also indicated in Fig. 5 is the precipitation of SiC 
along a line whose position must be regarded as 
purely speculative in lack of a more thorough in- 
vestigation. 
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The author did not succeed in synthesizing an alloy 
having the appearance of the X-constituent, but the 
failure may be due to a lack of proper nucleation. 


Colloidal Graphite 


As previously mentioned, the discovered graphite 
films suggested a colloidal origin. A colloidal preci- 
pitation may be expected in such complex melts 
where the orderly crystallization of a component is 
hindered by the presence of foreign molecules. Fac- 
tors which otherwise influence the crystallization of 
a component are the number of nuclei present, the 
viscosity of the melt, the rate of cooling and the de- 
gree of supersaturation. 

The border line between two liquid phases, or rath- 
er between fluids having a different composition, may 
naturally be expected to furnish a certain complexity 
favorable to a colloidal precipitation. This would be 
the case when a liquid phase supersaturated with 
carbon meets another liquid phase high in silicon. 
The supersaturation has been attributed to a frac- 
tional diffusion, while the presence of magnesium is 
probably instrumental to a stabilization of the car- 
bides necessary to achieve this supersaturation. When 
the X-constituent with its contents of silicon now 
enters the field with the appearance of the X-consti- 
tuent, it will break down this stabilizing effect. 

If double carbides of iron and magnesium are 
broken down by the action of silicon, the precipita- 
tion of graphite may become too violent to take the 
shape of an orderly crystallization. .A microscopic 
study of the zones surrounding the X-constituent 
readily unveils an intense and disorderly precipita- 
tion of flocculent graphite. See Figs. 9, 10 and 11. 
In Fig. 5, the precipitation of colloidal graphite in 
a hyper-eutectic melt has been marked by drawing a 
curved line well beyond the eutectic. While the posi- 
tion of such a line—if any—-could hardly be ascer- 
tained, there seems some justification for its recogni- 
tion. On Fig. 6 is indicated the presence of a zone 
where a colloidal precipitation of graphite may be 
conceived to occur. Here again it must be pointed 
out that this zone was merely drawn to stake the na- 
ture of the problem. It could naturally be imagined 
to be a very wide one. However, as will be seen, it 
is the decomposition of the particles of the X-con- 
stituent which has a first claim on the creation of 
colloidal graphite. 

A colloidal precipitation may also be caused by 
the introduction of colloidal particles through the 
medium of another fluid. An action parallel to that 
of nucleation may be anticipated. Colloidal particles 
have the Brownian movement which is caused by the 
unbalanced impact of molecules. When the particles 
have acquired a certain size they no longer respond 
to the Brownian movement and coagulation takes 
place. 

A coagulation may also take place on the border 
of a liquid in which colloidal particles are present 
or in the process of coagulation when such a liquid is 
injected in another liquid containing colloidal par- 
ticles or capable of producing such. 

For reasons already explained, the X-constituent 
was at first believed to consist of an iron-silicon sol- 
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vent with pure graphite as the dispersed phase. This 
graphite was thought to coagulate and form dots and 
films. As the particles of the X-constituent, however, 
were found to be of a different substance than graph- 
ite, it seemed justified to explain the formation of 
graphite films by the simple process of metamorphosis. 
If the silicon carbides or the silicides would coalesce 
into bands as they in fact appear to do and the 
graphite would crystallize on them, the plain result 
would be that graphite would remain in the shape 
of bands or films even after the silicides or the silicon 
carbides had been dissolved or decomposed by the 





Fig. 15—-Silicon carbides in nodular cast iron. Unetched. 
Mag. 600x. 


surrounding melt. Graphite and silicon carbide both 
crystallize according to the hexagonal system and 
such a metamorphosis would only be reasonable to 
expect. The writer does believe that some nodules 
are formed by direct crystallization of graphite on 
silicon carbide, but apparently not all. What actually 
happens, the particles of the X-constituent—the sili- 
cides and silicon carbides—begin to decompose as 
they are disseminated into a melt with a lower silicon 
content. This decomposition -results in a colloidal 
precipitation of graphite which creates a slimy dark 
fluid around the decomposing particles. 
The Z- Liquid 

For the purpose of discussion, the slimy dark fluid 
formed around the decomposing particles will be 
called the Z-fluid. It is likely to consist of iron and 
FeSi together with silicon carbides and a generous 
amount of colloidal graphite. The presense of Mg,Si 
could be expected. It is probably due to this col- 
loidal graphite that this fluid looks dark and does 
not behave as an ordinary melt giving a true eutectic 
of silico-ferrite and FeSi. Silico-ferrite is ejected from 
this fluid as an emulsoid pointing to incomplete 
miscibility. Here in particular the complexity of the 
melt is such that an orderly crystallization is hind- 
ered. This applies not only to the graphite and the 
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Fig. 16—Z-fluid formed around the X-constituent. Z-fluid 

forms on borders of X-constituent as the X-particles coal- 

esce. Z-fluid appears as a separate phase. Graphite nod- 

ules form on its borders. The Z-fluid appears to hold 

several components as white droplets along with at least 

two different kinds of crystals and an amorphous matrix. 
Unetched. Mag. 600x. 


ferrite, but also to the carborundum. It is seen to 
form amorphous substances with a conchoidal frac- 
ture and pieces of such a substance will often break 
loose and form cavities in the polished surface. This 
Z-liquid may sometimes be formed in considerable 
quantities when submitting a high carbon pig iron 
to the dual treatment with magnesium and _ ferro- 
silicon. 

Figures 16, 17 and 18 show details of the formation 
and behavior of this Z-liquid. 

The Z-liquid is seen to form in the X-constituent 
and gain in size as it approaches the border. Here 
it may attain a massive appearance. The nature of 
its formation appears to be that of a coagulation of 
minute details of slimy liquid created around the fine 
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particles of the X-constituent by their decomposition. 
Figure 16 shows how the fine particles of the X-con- 
stituent are tyansformed and flow together into a 
massive fluid which appears to have only a limited 
solubility for iron. This Z-liquid is seen to form 
films which are more or less broken up by the move- 
ment in the melt, but which also under circumstances 
may form heavy conglomerations. Figure 17 shows 
the appearance of such conglomerations with the 
characteristic white droplets which are believed to 
be silico-ferrite. On etching they appear like ferrite 
and in only a few cases has the writer been able to 
find pearlite in them which would point to a high 
silicon content. 

It is significant that the Z-liquid has large quanti- 
ties of graphite on its borders. If the graphite is 
present as a dispersed phase in the Z-liquid, it would 
be natural to expect that the coagulation of this ele- 
ment would start on the border. Here the emulsoid 
particles of silico-ferrite would first coagulate and 
pass into the surrounding melt with an ensuing con- 
centration of graphite as a result. This concentration 
would in turn promote the coagulation of graphite, 
followed by its crystallization. As the Z-fluid in this 
way becomes enriched with SiC in its interior, crystals 
of SiC may form or it may solidify as an amorphous 
substance. Under the microscope may be seen that 
crystals of SiC are associated with the Z-liquid ,al- 
though the appearance of such crystals is usually ob- 
scured by an amorphous matrix. Some black crystals 
having the distinct spearhead form of the tetrahedral 
FeSi-crystals have clearly been noticed but they are 
not visible on the photomicrograph. 

Figure 18 shows the Z-liquid as it appears in the 
interior of a loop while the nodules are an unmistak- 
able part of the exterior. In the film itself is seen a 
black ribbon which is the amorphous remnants of 


Fig. 17—Z-fluid as interstitial filling (Left). Dendrites 
have pearlitic matrix. Unetched. Mag. 200x Right, Center 
amorphous substance, outer zone white droplets, while 
nodules are seen on the borders. The white droplets are 
believed to be a silico-ferrite, while the brownish crystals 
are believed to be silicon carbides. Unetched. Mag. 600x. 
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Fig. 18—Nodules seen as precipitate on Z-fluid. Film with 

black amorphous core and nodules. The black core is 

remnant of Z-fluid on which graphite was precipitated. 

Z-fluid inside loop. Nodules on outside. Black amorphous 

core seen in film-loop. Unetched. Mag.—(Left), 100x; 
(Right), 600x. 


the Z-liquid. Outside the loop are seen nodules with 
the fine particles of the X-constituent which once 
filled the loop. 

Also seen is a film with nodules and a black rib- 
bon as core as well as the remnants of a film in a 
melt held too long before pouring. The nodules 
and the graphite alongside the amorphous core have 
been dissolved and flakes have later been formed. 

The Z-Huid appears to have a surface energy not 
much different from that of the metal surrounding 
it. In its original state it does not appear to have 
any pronounced tendency to form droplets of spheri- 
cal shape in the melt. This equality of surface ten- 
sion would be favorable to coagulation on its borders. 

The Z-liquid may often be found as interstitial 
filling among dendritic formations of austenite if 
present in a hypo-eutectic metal. Due to its incom- 
plete miscibility with the liquid silico-ferrite phase, 
the iron will not readily penetrate through it and 
it may be seen to form uninterrupted films around 
the X-constituent which will shield it over a certain 
length of time. When the film is finally ruptured 
the inside will be disseminated into the melt. Crystal- 
lization in this complex Z-liquid is apparently a slow 
one. 


The Nodules 


The ideal picture of creating nodular graphite 
could be imagined as a method by which the particles 
of the X-constituent could instantly and evenly be 
distributed in a slightly hypereutectic melt. The 
nodules would then form by crystallization on these 
particles. To some extent this dream of an ideal 
nucleation appears to come true and investigators of 
nodular graphite have presented pictures of perfect 
spherulites with a single nucleus in the center. 

In most cases, however, the nodules disclose a core 





FORMATION OF NODULAR GRAPHITE 





of black amorphous substance and generally a mottled 
appearance which seems to be caused by the presence 
of the fine particles of the X-constituent. The mot- 
tled strata of the nodules sometimes present themselves 
as a continuation of the coalesced bands of the X- 
particles found in the adjacent melt. Figure 19 shows 
X-particles distributed between nodules and melt. 

As already explained the Z-liquid should be de- 
fined as an iron-silicon melt in which substantial 
amounts of graphite are present as a dispersed phase, 
i.e. in the colloidal state. The presence of silicon car- 
bide must naturally also be expected in this melt. 
The Z-liquid is created by the decomposition of the 
X-particles due to their transfer into a melt having a 
lower content of silicon and a higher content of car- 
bon than the X-constituent. The Z-liquid will ac- 
cordingly appear as microscopic clots embracing the 
remnants of an X-particle. These clots have a marked 
tendency to coalesce. It appears that the nodules 
are formed on these clots as a colloidal precipitate. 
The surface of the Z-liquid appears to favor such a 
precipitation. 

While the direct crystallization of graphite on the 
surface of the Z-liquid cannot be denied and un- 
doubtedly occurs, it seems as if coagulation of graph- 
ite is the first step in the formation of nodules, fol- 
lowed by a crystallization as a secondary and some- 
what slower occurence. The flocculent deposit of 
graphite on the surface of the Z-liquid would natural- 
ly contain entrapped metal which would segregate, 
thereby causing concentrations of graphite. As this 
concentration proceeds, crystallization will begin. 
This concentration of graphite is likely to be facili- 
tated at the surface where the entrapped metal will 
join the surrounding metal and here crystallization 
will begin and proceed towards the interior. 

The rate of crystallization may naturally be ex- 
pected to proceed much faster through the flocculent 
graphite than would be the case in the Z-liquid or on 
its borders where the complexity of the fluid would 
present obstacles to the regimented crystallizatior 
The Z-liquid would be the last to crystallize. The 
appearance of the nodules would not only be affected 
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by the points where crystallization starts, but also by 
the difference in speed by which the different centers 
of crystallization propagate. 

The nodules often present a striking likeness in 
structure to that of an ingot where solidification be- 
gins at the outer walls. The presence of white par- 
ticles in the interior, which so often may be noticed, 
would be the natural result of the metal segregating 
towards the interior as graphite crystallization pro- 
ceeds. 

While crystallization of graphite would be likely 
to begin at the surface and at different points more 
or less simultaneously, it could also begin in the cen- 
ter of the flocculent deposit, or at any point where- 
ever the graphite concentration would favor the or- 
derly crystallization and its speed of propagation. 

When crystallization begins at different places, the 
nodular graphite will take the appearance of this 
multiplicity. This is evident from Fig. 19. 

Although the Z-liquid in its original state does not 
reveal a surface-energy much different to that of the 
surrounding melt, the viscosity and character of it 
will change as the crystallization proceeds and it may 
take a compact form. When the Z-liquid is broken 
up by the movement in the melt and the graphite is 
precipitated on the shattered fragments of the films, 
the nodules will take the peculiar appearance as 
shown in Fig. 19. The final shape of the nodule will 
be influenced by the condition of the metal and its 
solidification. If the metal is hypo-eutectic, the nod- 
ules will begin to dissolve as they move from the 
carbon-rich strata into the melt. 


The Dissemination 


The successful production of nodular cast iron will 
depend on a thorough mixing of the metal in order 
to distribute the X-particles properly. The X-con- 


Fig. 19—Nodules. The X-particles give nodules mottled 

appearance. They appear as black spots and cores sur- 

rounded by crystalline graphite. Left, unetched, Mag. 740x. 

Right, Nodules formed on shattered fragments of Z-fluid. 
Mag. 600x. 
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stituent is in its origin a low carbon, high silicon 
fluid around which a high carbon liquid strata has 
been created by the mechanism of fractional diffu- 
sion. As the small particles of the X-constituent, sur- 
rounded by Z-fluid, now pass through this high car- 
bon liquid strata, they acquire a heavy flocculent 
deposit of graphite, whereupon the crystallization of 
this coagulated graphite begins which may or may 
not keep pace with the rate of deposit. If the nodules 
have been sufficiently “fattened” in this high carbon 
strata, they may be able to survive for some time as 
they pass into the hypo-eutectic metal. During the 
period in which the nodules exist in the hypo-eutectic 
melt, they will be subjected to a “washing.” Frag- 
ments of films, protruding edges and such shapes hav- 
ing a big surface in relation to the mass, will first 
dissolve in the melt and the nodules will gradually 
acquire a cleaner and more rounded appearance. 


The solidification in a hypo-eutectic cast iron be- 
gins with the precipitation of the gamma-phase which 
proceeds until the melt has acquired a eutectic com- 
position. The presence of graphite nodules will act 
as nucleation for the crystallization of graphite and 
prevent an undercooling of the eutectic melt. Their 
presence may furthermore be expected to move the 
eutectic point to the left and raise its temperature 
according to the established ideas of a dual system of 
iron-graphite. It is evident that under such circum- 
stances the precipitation of primary austenite will 
not reach an extent where it appears as massive den- 
drites. The nodules on the contrary will shape the 
pattern of solidification. 

When the graphite-eutectic point is reached, graph- 
ite begins to crystalize on the surface of the nodules 
and make them grow. The surrounding melt auto- 
matically becomes saturated with metal and the pre- 
cipitation of the austenite-phase will follow an orien- 
tation radial to the nodule. A rapidly cooled nodu- 
lar cast iron will be seen to have a network of cem- 
entite grouped concentrically around the nodules, and 
this may be taken as evidence that the solidification 
in this case has started around the nodules and pro- 
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Fig. 20—(Left), Remnants of film in a melt held too long 

before pouring. Remnants consist probably of amorphous 

core in film. Mag. 600x. (Right), Z-fluid as interdendritic 
filling. Mag. 200x. 


ceeded radially, leaving finally an interstitial liquid 
which will solidify white. 

Figure | shows a rapidly cooled nodular iron with 
some free cementite which is located at a maximum 
distance from the nodules in what may be discerned 
as a concentric arrangement. 

A successfully treated nodular iron should have a 
sufficient number of nodules in proper distribution 
to safeguard the assimilation of all carbon in excess 
of that contained in the pearlite. If the distance be- 
tween the nodules is short enough, the carbon con- 
centration gradient between the nodule and the melt 
will be sufficiently steep to prevent the formation ol 
free cementite, respectively graphite flakes. Neithe 
will any segregate graphite appear. If the nodules 
present are too few, cementite and flakes may form 
in an arrangement concentric to the nodule. If the 
cooling is slow enough, ferrite will be seen to pre- 
cipitate on the nodule and assume a spherical shape, 
such as would be expected under the conception of 
a dual iron-cementite and iron-graphite system. 

Figures 8 and 20 show how the dissemination of 
nodules proceeds. It is seen to begin at the borders 
of the X-constituent where myriads of small nodules 
are carried away by what may be explained as a lamin- 
ar movement taking place around the borders of the 
X-constituent. To begin with these myriads are often 
seen to be surrounded by films which will gradually 
dissolve in the metal and give the inside free access 
to the melt. In the company of the nodules may be 
seen fine particles of the X-constituent completely 
deprived of any graphite precipitate, but carrying 
more or less Z-liquid. This occurrence may be ex- 
plained by the lack of homogeneity existing in the 
metal surrounding the X-constituent. As the first 
X-particles move into the high carbon strata, they 
will provoke a violent precipitation of flocculent 
graphite on their surface, while at the same time this 
strata becomes diluted with the mother-liquid of the 


X-particles which is very low in carbon and high in 
silicon. The X-particles flowing in the wake of the 
first ones will accordingly not find excess carbon to 
precipitate on them. The presence of such X-particles 
may be found almost everywhere in the melt if the 
conditions for their survival are favorable. They 
may best be seen in the unetched specimens and 
probably represent micro-porosity in nodular cast- 
iron. If more closely studied under high magnifica- 
tion, these particles reveal the appearance of the 
“slimy” Z-liquid which may account for this appar- 
ent stability. 
Conclusions 


The X-particles are likely to consist of carbides*and 
silicides precipitated in a high silicon fluid by the 
action of carbon and a nucleating effect which may or 
may not be due to magnesium. The X-particles are 
seen to decompose when the composition of the 
mother liquid is changed and they form a slimy fluid 
described as the Z-liquid which apparently contains 
graphite as a dispersed phase. The presence of sili- 
con carbides has been established. They may be 
formed by direct crystallization from the mother liq- 
uid and eventually parallel to the silicides, or as a 
secondary product resulting from the breakdown of 
silicides in the presence of an increasing concentra- 
tion of carbon in the surrounding melt. 

The Z-liquid may also be formed by the destruction 
of SiC crystals due to a decreased silicon content in the 
mother liquid whereby the carbon would be liberated 
as a dispersed phase. 

The latter view would be based on the assumption 
that SiC crystals are directly precipitated from the 
mother liquid. The statics of the phase rule would 
hardly determine the course which the reactions 
would follow under the rapidly changing concentra- 
tions in the melt and it appears right to allow for 
both of the two courses when explaining the forma- 
tion of the Z-liquid. 

The nodules are formed by precipitation of graph- 
ite on the minute particles of the Z-liquid and this 
precipitation appears also to have a colloida: char- 
acter. The direct crystallization of graphite on par- 
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ticles of SiC or on graphite nuclei formed in the Z- 
liquid should be accepted as a parallel to the precipi- 
tation on the Z-liquid. 

The nodules are formed in a melt which locally 
has acquired the condition of a hypereutectic fluid by 
the mechanism of fractional diffusion. The massive 
ferrite encountered in nodular cast iron can be ex- 
plained only by this fractional diffusion. 

The action of magnesium appears to be that of 
stabilizing the carbides so that a strongly hypereutec- 
tic melt may be locally created. A definite minimum 
content of magnesium in the metal appears necessary 
to secure this condition. Apart from a nucleating 
effect, the function of magnesium in the formation of 
the X-constituent may be due to its carbides or double 
carbides which on penetration into the high silicon 
fluid would cause the precipitation of extremely small 
SiC-crystals as a result of the carbides reacting with the 
silicides or silicon. Magnesium-silicide would then be 
formed and retained in solution in the fluid X-con- 
stituent. 

The inoculation with ferrosilicon appears to have 
a dual effect: that of creating the X-constituent and 
that of creating the fractional diffusion. 
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DISCUSSION 


Chairman: J. E. Renper, Department of Mines & Technical 
Surveys, Ottawa, Ont, Canada. 

Co-Chairman: V. A. Crossy, Climax Molybdenum Co., De- 
troit. 

Recorder: C. F. WALTON, Case Institute of Technology, Cleve- 
land. 

CHAIRMAN REHDER (Written Discussion): This paper is a stim- 
ulating one,,and although some of the concepts involved can- 
not be clear-cut at the moment because of lack of data, at least 
a new approach is developed and some interesting ideas stated. 
The present writer finds himself in some sympathy with the 
views of Mr. Hurum, and the remarks to be made are in a 
constructive direction. 

With regard to peculiar features of the microstructures of 
nodular cast iron, several have been noted by the writer in addi- 
tion to the still unidentified brownish colored inclusions. The 
“circular” or ring formation of graphite in nodular iron has 
been noted frequently, and has been mentioned by De Sy and 
others in the literature. The films mentioned in the paper have 
been observed by the writer, although they are usually some- 
what thinner than those shown in the paper. A further common 
occurrence is roughly circular areas which etch much lighter 
than the surrounding matrix, especially when the matrix is 
martensitic, and which apparently cannot be explained as a 
dendritic pattern since the latter is visible independently and is 
of much lower contrast. It must be confessed that some of the 
structures shown, such as in Fig. 3 of the paper, have been 
attributed by the writer to incorrect ladle treatment and insuffi- 
cient or careless skimming of reaction product from the treated 
metal, and such correlation is frequently observed. 

In Fig. 5 of the paper ternary isotherms are drawn of the 
Fe-Si-C system, and Mr. Hurum is evidently aware that in view 
of the unsatisfactory state of the iron-silicon diagram and the 
complete absence of a silicon-carbon diagram, such constructions 
must be regarded as qualitative. 

The question of possible existence of silicon carbide in cast 
irons has interested the writer for some time, and in 1942 
calculation of the thermodynamics showed silicon carbide to be 
very stable at molten iron temperatures, with AF — —26,000 
calories at room temperature and —23,600 calories at 1600 C 
(2912 F). Silicon carbide was identified in samples of 15 per 
cent ferrosilicon, but many attempts then and since have failed 
to identify silicon carbide in any cast iron of commercial com- 
position ranges, i.c., under about 3 per cent silicon. It is not 
considered by the present writer that the presence of silicon car- 
bide in such irons has been proven in the present paper. It may 
be of interest to note that careful search by chemical and X-ray 
diffraction techniques has failed to show the presence of silicon 
carbide in nodules separated from nodular cast iron, or in the 
ash from such nodules. 

If some iron-silicon solution or compound is more stable than’ 
silicon carbide, the latter would not be found in such irons, 
and there is considerable evidence that such is the case. Deter- 
mination of specific heat-temperature curves for various iron- 
silicon alloys is all that is lacking for calculation of this possibil- 
tiy, and this data is being obtained in the writer’s laboratory. 
In 1941 Oknov and Moroz (Journal Technical Physics, U.S.S.R. 
vol. 11, p. 593) reported that an iron rod cemented in granular 
silicon carbide produced the same results as in ferrosilicon or in 
a mechanical mixture of silicon and carbon, an example of evi- 
dence that iron-silicon is more stable than silicon carbide at 
least when iron is in considerable excess. On the practical side, 
the writer has used silicon carbide (in the form of “carborun- 
dum fire-sand,” a by-product of the manufacture of silicon 
carbide) extensively as a ladle inoculant in the commercial pro- 
duction of automotive gray cast irons, with excellent results. 

The possible existence of a compound Fe,Si has been of inter- 
est and is referred to by Mr. Hurum, Recent opinion is that it 
does not exist as such in pure iron-silicon alloys, but the ques- 
tion of the effect of carbon is still considered open. The writer 
showed in a paper (“An Interpretation of the Constitution of 
Iron-Carbon-Silicon Alloys,” A.F.S. TRANSACTIONS, vol. 55, pp. 
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77-81, 1947) whether or not Fe,Si exists, all of the available data 
on ternary compositions and temperatures, at least up to about 
4 per cent silicon, can be quantitatively predicted from the iron- 
carbon diagram simply by assuming that all of the silicon pres- 
ent is held as Fe,Si. This does not prove the existence of Fe,Si, 
but suggests that the approach should be considered. It might 
be noted that the narrowing of the liquidus-solidus curves in the 
iron-silicon diagram in the region corresponding to the composi- 
tion Fe,Si is in considerable doubt, as examination of the origi- 
nal data will show, and so should not be taken as evidence of 
existence of a phase. 

There are three considerations that appear difficult to explain 
on the basis of the ideas in the paper, and the author’s com- 
ments would be appreciated. The first is that ladle inoculation 
of gray iron with ferrosilicon or other graphitizing agents is of 
maximum effectiveness only when the iron is above a tempera- 
ture in the region of 2600 to 2700 F, where solution and ho- 
mogenization would seem to be most rapid. The second is that 
it is the writer’s understanding that a ladle addition of ferro- 
silicon is of small effectiveness as an inoculant if the ferrosilicon 
is of high purity, i.e. very low in aluminum content, The third 
is that a ladle addition of a small quantity of ferromanganese or 
ferrochromium to a cast iron will inoculate it, i.e., will decrease 
the chill depth or produce mottle in a white iron. 

E. A. Loria (Written Discussion):* First, I would like to com- 
pliment the author on a very excellent and thought provoking 
paper. In regard to the X-ray examination of the insoluble 
residues, it is remarkable that type III silicon carbide was ob- 
served in the small total quantities extracted from the irons. 
Type II silicon carbide is much more prevalent. One would 
have to look at a lot of straight silicon carbide to observe type 
IlI, the proportion being roughly 98 per cent type II to 2 per 
cent type III, The lines that make up the cubic pattern are 
found in all the hexagonal patterns. Therefore, one could have 
a mixture of cubic and hexagonal crystals and only by very 
careful study of the line intensities could they be separated (or 
distinguished). 

The author's work is substantiated by the fact that the M.I.T. 
investigators, Fulton and Keverian, have established silicon car- 
bide as a stable phase in the Fe-Si-C equilibrium diagram. It 
appears that the addition of a silicon-bearing material to cast 
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iron cuts through the silicon carbide region of the ternary, 
which on resolution precipitates graphite, thereby inoculating 
the iron. 

A. L. De Sy Anp J. Vints (Written Discussion):* A thorough 
discussion of the article by F. Hurum would require another 
article of nearly the same importance; therefore we shall confine 
curselves with some remarks. 

1. The micrographs appear so different from the thousands 
nodular iron structures observed by microscopic examination 
that it is difficult to judge. 

A first glance at some micrographs gives the impression of 
dirty not decanted iron not completely homogenized. Is there 
any evidence of the Z-liquid and the X-constituent other than 
the metallographic indication after rubbing the surface with 
cotton moistened with alcohol or acetone? 

2. The author seems to consider the action of the ferro silicon 
addition as the primary cause of the nodule formation while 
this is generally believed as secondary and certainly not abso- 
lutely necessary. 

According to our knowledge spherulitic graphite results 
mainly from the addition of Mg, Ce, Li . . . and many other 
elements, unless the iron was particularly pure and highly 
superheated. 

3. The formation of spherulites by the assembling of colloidal 
graphite particles is difficult to believe if one considers the 
crystallographic structure of spherulitic graphite. 

4. The spheroidal shape can not result from partial re-dissolu- 
tion of irregular graphite nodules; the well known radial struc 
ture of the spherulite indicates the growth from the center. 

5. According to the author the presence of graphite in the 
melt should prevent supercooling and provoke solidification 
according to the stable system. 

As is well known, nodular iron solidifies with supercooling. 

6. The author believes that the nodules will shape the pattern 
of solidification of a hypo-eutectic cast iron. A Wittmoser (1951 
—International Foundry Congress) has shown very clearly that 
the primary austenite dendrites are responsible for the solidifica- 
tion pattern. 
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TIME OF FORMATION OF SPHERULITES IN 
HYPO- AND HYPER-EUTECTIC IRONS 


By 


Jack Keverian, Clyde M. Adams, and Howard F. Taylor* 


ABSTRACT 


Since the advent of a cast iron in which the graphite is in 
spheroidal, rather than flake, form, researchers have been busily 
studying the mechanism of precipitation of graphite. Cerium 
added to hypereutectic cast iron spheroidizes the graphite but 
does not effect hypo-eutectic irons similarly; magnesium serves 
to nodulize either type. It has been suspected different mech- 
anisms prevail for spheroidizing hypo- and hyper-eutectic irons. 

Specimens of hypo- and hyper-eutectic irons, treated with 
magnesium and post-inoculated with ferrosilicon to nodulize 
the graphite, were quenched from various temperatures. The 
results indicate that graphite precipitates in hypereutectic liq- 
uid at a temperature above the eutectic temperature; the hyper- 
eutectic liquid is thought to be supplied in hypo-eutectic irons 
(1) as a result of microsegregation of silicon and carbon during 
formation of austenite dendrites, and /or (2) as a result of post- 
inoculation with ferrosilicon. 


Introduction 


Many points, in the field of spherulitic cast iron, 
are in need of clarification before the more dramatic 
problem of the actual mechanism of formation of 
graphite spherulites can be solved. One such point 
is determination of the time during solidification 
when the graphite nodules form. Examination of 
centrifugal castings made from hyper-eutectic irons 
exhibit nodules collected near the inner diameter of 
the casting; so it seems fairly well-established nodules 
precipitate in the liquid above the eutectic tempera- 
ture. However, this same segregation is not observed 
in hypo-eutectic irons similarly cast. This lack of seg- 
regation for hypo-eutectic irons does not necessarily 
indicate nodules are only formed during or after the 
eutectic freezing; it is possible the graphite might 
precipitate above the eutectic and primary austenite 
dendrites, acting as barriers, block movement of the 
nodules through the liquid. 

The large shrinkage associated with spherulitic cast 
iron (as compared with flake graphite iron) indicates 
that much of the graphite precipitates (1) above, 
(2) at the start of, or (3) below the eutectic, or com- 
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binations thereof. In ordinary gray iron, volume ex- 
pansion due to graphite precipitation, at the eutectic, 
tends to counterbalance solidification shrinkage. From 
the equilibrium diagram one would predict graphite, 
in hypo-eutectic irons, does not appear until the melt 
reaches the eutectic temperature. At higher tempera- 
tures the melt can only be in equilibrium with pri- 
mary austenite. This, in turn, leads one to think 
graphite precipitates below the eutectic freezing via 
carbide decomposition and/or that the graphite pre- 
cipitates at an early stage of eutectic freezing. Ex- 
istence of a mechanism for solid-state nucleation and 
growth to account for spherulite formation in hypo- 
eutectic irons, would be in sharp contrast to liquid- 
state nodule formation for hyper-eutectic irons. These 
sharply differing modes for spherulite formation seem 
unlikely. This paper will seek to show that only one 
mode of formation actually exists to account for 
spherulite formation in hypo- and hyper-eutectic cast 
irons. 


Previous Investigations 


Morrogh! describes solidification of hyper-eutectic 
alloys and shows graphite spherulites nucleate as a 
pro-eutectic constituent. The eutectic phase then 
freezes according to the metastable diagram with sub- 
sequent graphitization of eutectic. Morrogh does not 
describe the solidification process for hypo-eutectic 
compositions. 

DeSy? reports graphite nodules precipitate as a pri- 
mary phase in both hypereutectic and hypo-eutectic 
alloys. In hypo-eutectic alloys he theorizes nodules 
either precipitate in a supersaturated primary austen- 
ite dendrite, or at the austenite-melt interface; DeSy 
made no definite choice between the modes of forma- 
tion. 

Larson* quenched portions of magnesium-treated, 
hypo-eutectic iron by sucking the metal into silica 
tubes and quickly plunging them into water. Metal- 
ographic examination of samples quenched from dif- 
ferent temperatures revealed graphite nodules nu- 
cleated above the eutectic temperature. 

Dunphy and Pellinit recently quenched specimens 
of hypo-eutectic irons from various temperatures 
along the cooling curve, and also found evidence of 
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Fig. 1—Copper chill. 


graphite nucleated in the melt, immediately preced- 
ing the eutectic reaction. They attributed this to 
existence of localized regions of hypereutectic liquid 
in the vicinity of growing dendrites of primary aus- 
tenite. The work reported herein was done simultan- 
eously with and independently of their work, so the 
substantiation is all the more pertinent. The findings 
are in general agreement with those of Dunphy and 
Pellini. 


Experimental Procedure 


Specimens of molten hypo- and hyper-eutectic irons 
were quenched from various temperatures to deter- 
mine the time during solidification when graphite 
spherulites appeared. It was thought quenching rates 
used to date by the various investigators might not 
be sufficiently drastic to retain the high-temperature 
phases; so some refinements in method were intro- 
duced. 

One method used was to suck small samples of 
molten metal into a copper chill mold (Fig. 1) of the 
type used by Carney and Chipman to sample steel 
for hydrogen analyses. This method proved quite 


satisfactory, since very high quenching rates were 
achieved and several specimens could be extracted 
from the same heat of metal, thus eliminating any 
composition variable of the base metal. The obvious ' 
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disadvantage was that specimens could not be 
quenched during late stages of solidification when 
small amounts of liquid remained. It is recognized 
this method emphasizes the liquid phase over the 
solid. Although austenite dendrites were captured, 
many more were surely left behind in the casting. 
This meant the relative position of the solid phases 
at the time of quenching is not rigorously main- 
tained, since there doubtless was some relative motion 
between these phases during suction of the melt into 
the copper mold. 

To allow equal emphasis of liquid and solid phases, 
the apparatus shown in Fig. 2 was built; small heats 
of synthetic cast iron (about 50 grams) could be 
quenched whether liquid or solid. The metal in the 
alundum crucible (A) was melted by induction, 
using an 8 kva Ecco Spark Gap Convertor. A posi- 
tive pressure of argon was maintained within the 
glass enclosure to prevent oxidation. Temperatures 
were measured by optical pyrometer. When the metal 
reached 1260 C (2300 F) the inoculator was lowered 
into position and the inoculant (usually cerium) was 
introduced. A post-inoculant was added (in the form 
of 99.8 per cent silicon) to raise total silicon by 0.5 
per cent. 

Cooling curves were obtained by replacing the in- 
oculator with a Pt, 10% Pt-Rh thermocouple. The 
thermocouple wire was threaded through a three mil- 
limeter, two-holed, alundum insulator tube. The 
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thermocouple bead was protected by a short, thin- 
walled, alundum tube closed at one end. This pro- 
tection tube fitted loosely over the bead so it could 
fall readily from the thermocouple when the melt 
was released for quenching. The protection tube was 
long enough only to be almost wholly immersed in 
the melt to minimize loss of heat by conduction 
away from the bead. 

At any desired moment, the trap door (H) could 
be opened and the crucible would plunge into the 
quenchant, leaving the thermocouple behind. Wood's 
metal was chosen for the quenching medium because 
its heat conductivity is high, surface effects would be 
small, and its melting point is low (about 70 C). All 
these factors contribute to highly efficient quenching 
action. 


Specific Tests on Hypo-Eutectic Alloys 


The copper chill mold described above was used to 
obtain quenched samples at various stages of solidi- 
fication from a magnesium-treated hypo-eutectic iron. 
A post-inoculant of ferrosilicon was used, which in- 
creased total silicon by 0.5 per cent. Specimens were 
extracted at 1290, 1270, 1220, 1180, 1170 C (2350, 
2318, 2228, 2156, 2138 F). 

Metallographic examination allows one to distin- 
guish between the solid and liquid portions of the 
specimen at the time of quench. This is possible 
since the liquid phase undergoes a high cooling rate 
as compared to the pre-existent solid phase which was 
formed under conditions of slow cooling. When the 
liquid freezes quickly, a fine structure of cementite 
and austenite is formed. This highly dispersed struc- 
ture is, therefore, easily distinguished from the larger 
austenite dendrites that existed in the melt before 
the quench. 

Well-formed spherulites were found in the speci- 
mens quenched from 1180 and 1170 C, approximately 
25 and 15 C above the eutectic temperature. A graph- 
ite spherulite is shown in Fig. 3, surrounded by a 
matrix of ledeburite, indicating the spherulite was 
suspended in liquid at the time of quench. Figure 4 
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Fig. 3—Hypo-eutectic iron quenched from 1180 C (2155 
F). 500x. 
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Fig. 4—Hypo-eutectic iron quenched from 1170 C (2140 
F). 500x. 


shows a spherulite completely surrounded by primary 
austenite. 

The fact that many spherulites were not sur- 
rounded by primary austenite, indicates the role of 
austenite is not essential for their formation. This 
evidence indicates the spherulite is born in the liq- 
uid, perhaps in close proximity to the primary aus- 
tenite dendrite and subsequently engulfed by the ad- 
vancing austenite front. Unless the small additions 
of magnesium causes a drastic change in the equilib- 
rium diagram, which seems unlikely, one may hypo- 
thesize the formation of primary spherulites in hypo- 
eutectic irons is a non-equilibrium process, which 
would depend upon the existence of localized hyper- 
eutectic pools in the overall hypo-eutectic melt. These 
localized hypereutectic pools could be generated as a 
result of the ferrosilicon post-inoculation, or by the 
microsegregation of silicon and carbon already pres- 
ent in the melt, or by a combination of both mechi- 
anisms. It is thought that silicon carbide is precipi- 
tated as the ferrosilicon dissolves in the melt. Once 
precipitated, silicon carbide has a low rate of re-solu- 
tion, thereby maintaining high silicon levels on a 
micro-scale for rather long periods of time. These - 
high silicon volumes could easily be responsible for 
the rejection of carbon from solution even at tempera- 
tures above the eutectic. The presence of silicon 
carbide as a stable phase in the Fe—C-Si constitutional 
diagram has recently been established by Fulton.® 
Hurum’ has also reported the existence of silicon 
carbide as a stable phase, and has set forth a mechan- 
ism for formation of localized hypereutectic pools as 
a result of ferrosilicon inoculation. This is supported 
by the fact that silicon carbide itself is known to be 
a good graphitizer. The evidence is that microsegre- 
gation alone can be sufficient mechanism to generate 
hypereutectic pools, since hypo-eutectic iron can be 
made with spheroidal graphite without the aid of 
post-inoculation. Post-inoculation increases the uni- 
formity of structure and reduces the amount of gross 
carbide, possibly by increasing the number of hyper- 
eutectic pools. 
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It is recognized that the quenching itself could be 
responsible for some graphite precipitation, as re- 
ported by Morrogh. These quench-formed spherul- 
ites would be expected to form from the melt or 
from the decomposition of cementite. It is difficult 
to imagine how quenching could cause the precipita- 
tion of nodules within a slowly cooled austenite den- 
drite. This strengthens the observation that primary 
graphite is forming independently of the quench. 


Specific Tests on Hypereutectic Alloys 


Quenching experiments were made using the 
apparatus of Fig. 2. Hypereutectic alloys were 
quenched from various temperatures above the eutec- 
tic. These experiments confirmed the commonly ac- 
cepted belief that graphite nodules start to precipi- 
tate in the melt above the eutectic temperature. No 
evidence was found to support the theory graphite 
spherulites result via decomposition of cementite. A 
typical microstructure is shown in Fig. 5. 





Fig. 5—Hypereutectic iron quenched from 1164 C (2095 
F). 750x. 


Summary 


Evidence has been presented that indicates spheru- 
litic graphite precipitates in the melt above the eutec- 
tic temperature for both hypo- and _ hyper-eutectic 
alloys. Since the same mode of formation persists for 
both these irons, a separate theory for the mechanism 
of formation need not be devised, and only one theory 
need be sought. 

Since graphite is not in equilibrium with the melt 
and the austenite, at temperatures above the eutectic 
for hypo-eutectic irons, one must assume, in this 
case, nucleation and growth of graphite is not a prob- 
lem of equilibrium. 

It is suggested that microsegregation of silicon and 
carbon during solidification and the ferrosilicon post- 
inoculation could generate localized pools of hyper- 
eutectic liquid causing the rejection of graphite. 
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DISCUSSION 


Chairman: J. E. REHDER, Department of Mines & Technical 
Surveys, Ottawa, Ont., Canada. 

Co-Chairman: V. A. Crossy, Climax Molybdenum Co., De- 
troit. 

Recorder: C. F. WALTON, Case Institute of Technology, Cleve- 
land. 

E. A. Loria (Written Discussion):+ The authors are to be 
commended for an excellent paper. Their evidence is so con- 
clusive that it is difficult to question any phase of their work. 
Pellini’s recent study indicates that graphite nodules may form 
during the short undercooling period of eutectic solidification, 
whereas Larson found that the nodules are nucleated above the 
eutectic temperature. Since both cerium and silicon were used 
as inoculants, did the authors consider or investigate the possi- 
bility that these elements (also magnesium) may have raised 
the eutectic arrest? 

In the case of gray irons, the type of graphite flake structure 
produced in a casting is primarily the result of the length of 
time the casting spends in going through the eutectic arrest. 
The longer the time taken to go through the eutectic arrest, 
the coarser will be the graphite structure. Notwithstanding, type 
D, or eutectiform type, graphite is not necessarily a characteris- 
tic of a low eutectic arrest. Type D graphite can be found at 
any degree of undercooling provided the solidification rate of 
the melt is fast enough. 

The mechanism of inoculation in gray iron is believed by 
many to be physical rather than chemical. The microsegregation 
of silicon and carbon during solidification and the generation of 
localized pools of hypereutectic liquid causing the rejection of 
graphite is an interesting possibility. The writer would certainly 
appreciate the inclusion of some of Fulton’s data on this subject. 

Mr. Taytor (Authors’ Closure): The authors would like to 
thank the discussors for their stimulating comments regarding 
this paper. 

It is recognized that cast iron is in its simplest form a ternary 
alloy of iron, carbon and silicon. In the more general case, cast 
iron is a multi-component system. For these reasons, it would 
be misleading to speak of the eutectic temperature as referred 
to in the ordinary binary alloy system. In the case of the binary 
alloy, the eutectic temperature is an invariant temperature in 
an isobaric system during which three-phase equilibrium exists. 
However, in the case of a ternary alloy, we have one additional 
degree of freedom and three-phase equilibrium can exist over a 
range of temperatures. In our case, we have referred to the 
eutectic temperature as being that temperature at which a third 
equilibrium phase appears. 

In the plain iron-carbon system, the eutectic reaction takes 
place at a constant temperature. Unfortunately, there is still 
some doubt as to the exact equilibrium binary eutectic tempera- 
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ture. As silicon is added, the eutectic reaction occurs over a 
range of temperatures and also starts at a slightly higher tem- 
perature. Since the absolute values of these equilibrium tem- 
peratures are in doubt, perhaps the temperatures reported in 
the paper have more significance when reported relative to the 
temperature of the start of the eutectic mold. 

When this is done, it is observed that graphite spherulites 
are found in specimens quenched 25 and 15 degrees Centigrade 
above the start of the eutectic hold. 

The small percentages of cerium and magnesium which were 
added did not seem to affect the temperature of the eutectic 
hold. Non-equilibrium considerations were therefore sought to 
explain the observations. 

Although it would be desirable to include some of J. C. 
Fulton’s data in this paper, this is not possible at this time. 
However, most of his data have been presented in the form of a 
thesis entitled, “The Solubility of Graphite in Molten Iron- 
Silicon Alloys,” which can be obtained through the M.LT. 
library. f 

Mr. Pellini has suggested that the graphite spherulites found 
in those specimens quenched from above the eutectic tempera- 
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ture, were quench-formed. The fact that many spherulites were 
found surrounded by primary austenite when quenched from 
the same temperatures indicates that graphite was not necessarily 
quench-formed, -since one would expect the graphite to be 
surrounded by a ledeburite matrix. 

The foregoing then indicates that graphite forms in the 
liquid before the alloy reaches the eutectic temperature. This 
graphite may then be engulfed by the advancing austenitic 
front. 

H. Morrogh suggests that it is necessary to consider the binary 
complex which was done as explained at the start of the 
authors’ closure. As was pointed out, not even this approach is 
satisfactory and non-equilibrium reactions must be considered. 

It is encouraging to note that H. Morrogh has also observed 
pro-eutectic spherulites in hyper-eutectic irons. However, we 
cannot directly confirm his observations of the precipitation of 
austenite around the pro-eutectic spherulite. Such an observation 
is difficult due to the difficulty in distinguishing between that 
austenite that might be present at the time of quench, and 
that austenite that is formed during the quench as one of the 
phases making up the ledeburite constituent. 
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